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PREFACE. 


The  want  of  a  text-t)Ook  in  the  English  language  to  which  students 
could  turn  for  information  beyond  that  contained  in  the  ordinary 
manuals  has  long  been  felt  by  teachers  of  physiology  in  tliis  country. 
Hie  most  extensive  of  the  existing  text-books  do  not  aim  at  giving 
the  full  and  precise  infonnation  nor  the  references  to  original 
authorities  which  are  required  by  the  advanced  student.  Tt  lias 
hitherto  been  necessary  for  those  who  seek  such  infornuition  to  consult 
original  articles — an  operation  whicli  frequently  involves  a  familiar 
aoquaintanee  with  foreign  languages  and  an  expenditure  of  time  rarely 
at  the  disposal  of  the  student.  Tlie  present  work  is  not  intended 
altogether  to  supersede  this  ciuisnltation  of  original  papers,  l>ut  will, 
it  is  hoped,  reduce  the  need  of  it  to  more  reasonable  Hndts,  and  will, 
moreover,  by  the  references  to  literature  wliich  througbont  form  an 
important  feature  of  each  article,  facilitate  such  study  where  it  is  still 
necessary. 

A  book  of  this  character,  from  the  enormous  amount  of  literary 
labour  which  is  involved  in  its  production,  and  from  the  progressive 
cJiaracter  of  the  science  with  whicb  it  deals,  could  hardly  lie  undertaken 
by  one  i>erson.  The  editor  has  been  fortunate  enougb  to  secure  the 
co-operation  of  nniny  of  the  leading  physiologists  in  tbis  country,  each 
of  whom  deals  with  some  branch  of  the  subject  to  which  he  has  given 
special  attention.  Accordingly  tbe  reader  will  tind  in  each  article,  in 
addition  to  information  as  to  the  present  state  of  knowledge  as  com- 
plete as  it  has  been  i>ossible  to  make  it,  many  original  observations 
upjon  the  matter  to  which  it  relates. 

The  subjects  of  generation  and  repruductir>n  have  been  omitted  in 

this    text-book,    because,  although    strictly   speaking   ap]>ertainiiig    to 

physiology,  they  are  studied  ahnost  entirely  by  mnrpliological  metbcRls, 

and  are  more  conveniently  treated  in  connectiuii  with  mor])]iology.     It 

ibas  therefore  been  decided  that  it  would  be  better  not  to  swidi  tbe  bulk 

these  volumes,  which  Iiave  already  grown  beyond  tbe  limits  uriginally 

ided,  liy  the  introduction  of  subjects  sucli  as  tliese,  whicli  possess 

"norrnons  recent   literature,  and   are    exhaustively   dealt   with    in 

,  works  accessible  to  every  student.     The  same  remark  will  ap]>ly 

general  physiology  of  the  cell,  a  luancli  of  biology  which  has 
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great  aii  ax  tent  and  iini>ortauce  m  to  necessitate 
[>  itself  alone,  and  which  it  is  usual  to  study  ratlier 
^,  than  as  a  part  of,  animal  physiulogy* 
rnes  of  which  it  is  intended  this  Ijook  shall  consist, 
'st  volume  deal  mainly  with  the  elieniical  eonstitu- 
!Xi\  processes  of  the  aoiinal  body,  and  with  thosL^ 
»I  pheuomena  whicli  are  connected  with  the  pro- 
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in  the  second  vohime  include  tlie  meclianics  of  the 
circnlation  and  ret  uration,  and  of  special  muscular  movements;  tlie 
general  physiology  of  muscle  and  nerve  ;  the  special  senses ;  and  the 
functions  of  the  cent'^^  ""'^ 
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language, have  limited  its  utility  to  students  in  this  country;  moreover, 
in  the  course  of  tlie  twenty  yeai's  that  have  elapsed  since  its  appearance, 
rapid  progress  1ms  been  made  in  every  branch  nf  i^liysiology,  so  that 
several  of  the  articles  in  it  have  Ijeen  long  out  of  date.  Nevertlieiess 
its  publication  served  l>oth  to  lay  a  tlrm  foundation  for  the  exposition  of 
the  science  in  its  modem  aspect,  and  also  to  clear  the  ground  for  all 
future  publication  p.  of  a  similar  cbar;ictcr  It  \m^  thus  l>een  a  iiitirkcd 
advantage,  in  preparing  many  of  the  articles  for  the  present  book,  to  have 
had  the  work  of  Hermann  and  his  coadjutors  to  refer  to  ;  and  although 
due  acknowledgment  is  made  both  of  this  and  of  other  sources  of  infor- 
mation in  the  articles  themselves,  it  has  seemed  right  specially  to 
mention  the  "  Handbuch  "  in  this  preface. 

University  College,  London, 
February  1898. 
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THE  CHEMICAL  CONSTITUENTS   UF  THE  BODY 

AND  FOOD. 

By  \V,  1 1  Halltbueton. 

Contexts: — The  Ciirbohydmte.^  jn  2 — Tlie  Fat-f,  p.  IT— Lecithin,  p.  :il  — C'lioles- 
ieriti,  p.  2£— The  Protcidss,  p.  24 — J>i'L'oin|n)sitinri  l*io<luc.ts  r>f  t^oli-ids^  p.  28— 
SyjitWU  of  PniUid^  p.  3"i— Theorieti  ul  Proitid  Uunstitulioit^  )>.  3h  General 
Properties  and  Reactions  of  Prottids,  p.  3J)  -CliLHsiliraiiuji  uf  Prftinds,  p,  4tJ  — 
Vi^etaMe  Prot«id.s,  [>.  51— Poiaonous  iVoteidf^,  p.  Tifi  —  Com  pound  PrutfiilB,  p»Cl 
— The  AlbEminoidrt,  p.  09 — Inorganic  Compounds,  p.  76» 

The  chemical  coiLstituents  of  tlie  liody  are  viuy  mimerous,  ami  the 
majority  of  t!ieiit  are  compounds  of  coniphrak^d  wtrurture.  In  the 
following  article  I  propose  to  treat  of  tliewe  enniiioinuls,  lirst  in  rlnsses, 
anfl  then  indivi<.lually,  Jind  in  a  8iil»seqiient  elm] iter  to  iliBi-uys  tiie  variouH 
tissues  and  organs  in  then-  cheimco-phyHiological  uBpecta, 

In  order  Ui  cLiivHify  the  cliemicul  nonstituonts  of  tlu3  hndy,  uno  inii^^ht 
proceed  upon  a  purely  chemical  basin!,  Iieginiiing  with  the  t5iiii]>lest  rind  ending 
with  the  most  complex  compoundH ;  or  a  purely  pliy.^ioiogical  ha.si.s  uiiglit  be 
adopted,  in  which  the  componnd.s  would  1*  de;scril»ed  in  tlie  ortler  of  their  im- 
portance in  the  vit^il  processes  of  the  organism,  ilut  a  c[Unprinniae  between  these 
two  eiccliiMve  metb<xls  is  fouJid  to  he  that  whicli  is  i>f  most  practical  iisefnlncris. 

We  may,  m  the  first  plaee,  divide  the  conijioiuifls  fiiniid  in  the  body 
into  those  of  nior;/a;i/r,  or  mineral  nature;  and  tbnso  wbitli  jire  termed 
oryank,  or  carbon  coniptanids. 

The  inorganic  conipoiuulH  jirewcnt  arc  wiiter ;  varicniH  ucitiM,  hiub  as 
the  hydroi'hloric  acid  of  the  j^aHtrie  juiee ;  and  nnniorouM  saUs,  Hueh  as 
calcium  pboBphale  in  iKJue,  and  nodium  chloride  in  bloijd,  urine,  etc. 

The  organic  eompoun<lH  are  more  nmnennKs,  and  these  we  may 
cooveuiently  group  as  foUowH : — - 


IProteids,  ejf.  albumin,  myosin. 


NiTROGKirous    .     *  Albuminoid8,  ejj.  gelatin,  keratin. 

(Simpler  nitntgenons  substances,  (^.y.  hcitliin,  crerdiue. 

j  Fats. 
tOGBIfOUs  ^  Carbohydrates,  4K(i.  sugar,  starcli. 

[simpler  organic  c^ubsUniceH,  e.y,  alcoholn,  lactic  ,icid, 
I. — I 


CHEMR 


CONSTITUENTS  OF  BODY  AND  FOOD. 


The  most  il 
pounds  is  the 
fats.     Taking  tin., 
substances  present 
these,  or  as  decom] 

The    elements 
nitrogen,  oxygen,  s 
sodium,  potassium, 
manganese,  copper, 

It  will  be  on 
compounds  first,  in 


daHfiifieatinn  of  the  more  complex  nigunic  com* 
'-honoured  one,  into  proteitls.  €/irl«nhydriites»  and 
t^  uiir  8tartiii^-poiut,  wa  shall  find  tlutt  the  other 
may  he  ileseribal  <?itht*r  in  std^yidiary  classes  to 
"i,sitinii  jmjdiietfi  of  the  Uhire  c<jmplex  substances, 
oinid  in  these  coiiipoinid?i  are  farlmii,  liydrogen, 
Iphur,  phoqjhonis,  chlnrine,  iiHline,  Hunrine,  mlicon, 
lalcium,  magiiesiuio.  liUuiiiii*  inm,  and  fK-eaj^iomiUy 
nd  lead, 

Ijc   whole    loost   conveiiieiit    tn    stiuly  lln^    tM'gniHe 
he  foliowin<T  nrder  :— 


1.  Carbohydrates ; 

2.  Fats,  with  whit^ 

3.  Proteids  and  a! 

In  following  out 
constituents  of  the  f( 


eoithtna  and  cliolefiterins ; 


FicuHH  Rome   uf  tlie  cliendciil 
he  hiiilv* 


E.^. 


The  carbohydrate',  ,„  vegetalile  tJBHueB,  and  many 

of  them  form  hnportant  t  ,  howevi-r,  are  fimttd  in  ur  fnrnjed 

by  the  animal  organism,  hucu  .  j^en  or  animal  Htan-h.  dextrose,  and 

lactose  or  nulk-sugjir.  The  carhohydratefi  may  l>e  conveniently  hut 
loosely  defined  as  coiopoundH  of  carhiin,  hydrngeH^  ami  oxyi^en,  the 
two  last-named  elements  heinj^  in  tlm  prnportiun  in  which  they 
occur  in  water.  But  tluB  definitiiui,  if  pushed,  wunld  include  several 
substances  like  ino.^ite,  acetic  acifh  and  luetic  acid,  wliich  are  not 
carbohydrates. 

The  work  of  Fischer/  Tullena,^  ami  many  otfier  eliehiiHlH  ban, 
moreover,  shown  that  carhnhvdrates  aro  not,  as  their  name  woidd 
imply,  sim[)ly  compounds  of  carbon  with  water,  but  then'  cf^nstitutinnal 
formula  has  been  in  many  cawe^  tlMirnn^ddy  winked  <nit,  and  their 
composition  shown  to  be  much  more  ronijJex.  This  wmk  haft  cidrjiinated 
in  the  synthetical  pnxluetiun  of  many  uf  the  HUitHrs. 

From  the  chemical  standpoint,  tlie  ^a^ar?^  (which  an*  the  wimiilewt 
of  the  carbohydrates)  joay  be  divided  into  two  (daH^es^ — 

1.  Those  which,  when  digested  with  dilute  acids,  do  not  yieltl  any 
other  sugar  or  sugars:  this  class  iiielu(h\H  the  j^ducnscs:  aofl 

2.  Those  which,  when  Hf»  trented.do  yield  sr»fiie  (ttlier  sn^^fir  or  su^^arn  ; 
this  class  includes  the  iiieiiiber»  oi  liie  cane-sugar  group. 

Further,  the  sugars  are  designated  according  to  the  nmnber  of 
carl)on  atoms  they  contain ;  thus  we  have  trioses  (r.//.  glycerose),  tetroses 
{cjj.  erythrose),  ])entoses  {c.ij.  arabinose,  xylose,  rliamnosc),  hexoses  (r.//. 
glucose,  mannose),  heptoses,  octoses,  and  nonoses,  according  as  they 
contain,  three,  four,  ^\^,  six,  seven,  eight,  and  nine  atoms  of  carbon 
respectively  in  their  molecules. 

The   great   majority   of   these   sugars    possess,   however,   but   little 


A 


*  Sec  cspcfiaUy  E.  Fischer,  Ber.  d.  deutsch.  chcm.  (/esci/sch.,  Uerlin,  Ud.  xxiii.  S.  2114. 
-  I'olU'ns,  "  Kiir/('s  IIainll)iith  dor  Kohlenhydrato,"  Breslau. 


THE  CARBOHYDRATES.  % 

biVsiolo^eal  mterest,  ami  their  dieuiiral  relatinnBhips  and  reactionfl 
lie  fouml  descrihed  in  wnrka  im  eheiuLstrv.^ 
Thc:>8e  which  are  of  physinln^rLoal  iniportanee  are  the  bexoses  and 
their  tlerivatives.  Nt^arly  all  tlie  c-jirljoiiydrateH  with  wliii-h  we  have 
to  deal  in  the  anmml  l>ody  cunUiri  eitlier  six  eitrhoTi  ittmiis,  or  Bome 
multiple  r>f  six.  The  ^\\\\k\  is  true  nf  ttiose  wliic  Ii  are  used  an  food.  The 
remainder  are  either  syiithelir^al  pixKliu  Is  (if  Ww  eheuiieul  laboratory,  ur 
more  or  \^^&  rare  prmhiettt  of  the  vegetable  world. 

But  to  this  rule  there  is  one  exception ;  the  pentoses  do  possess  some 
phy^olo^ical  imjKirtanco.  When  Hanimarsten  -  was  invostif^alinj^  the  nucleo- 
prt>tei<l  material  ht:  sepiinik'il  frciiix  the  pfiiiLToiu*,  he  found  thnt  by  boilirif^  it 
with  dilate  mineral  acid  he  ohtJiiiM'd  a  redutuijg  snh.sttincp»  Tliis  formation 
of  a  reducing  sugar  like  subjilatice  from  nuflein  is  not  unique,  as  KosseP  and 
tu0  pupils  have  obtained  a  similar  produ(;t  from  yeast-nuclein,  Tho  '^u^'ar, 
however,  does  not  f<irment  with  yeast,  hut,  liki3  thi-  ]>ontoses,  <(iv'es  a  rod 
coloration  with  phloro^ducitiol  and  hydrmddoric  arid,  and  hy  distillation  with 
hydrochloric  acid  yields  furfnraKhdiyde.  An  osa/oiio  is  obtainable  from  it 
in  the  form  of  tiue  rosutten  of  crysUds,  meltini^'  at  158^  to  160'  C,  and  these 
appear  to  be  identical  witli  those  preixireil  from  peiitosfin  by  E.  Balkowski 
■WaA  NL  Jiistrowitz.* 

The  pby^i^iologicid  a<  tion  of  pentoses  wjw  invt-tsti^ated  Ity  W.  Ebsteiii/' 
When  xylose  or  arabinoi^e,  dissolved  in  water  fir  eoUVe,  are  talvcn  with  the 
fiX)d«  they  rapidly  ni>[jeiir  in  the  urine  ;  they  are  not  assimilated.  The  use  of 
Ihlils,  such  as  pears,  that  t^ontiun  }\eniuMim'A^  the  mother  suhstun-es  of  pentoses, 
may  le^d  Vy  the  a[jpearanf:e  k\\  tlic  latter  sulistanees  in  the  urine.  It  is 
of  course  impirt^nit  not  to  conftmnd  smli  a  temporary  nmilition  witli  diabetes. 
Max  Cremer*'  has  invcsti^'iited  the  jthysiolifji^'inil  action  of  wonie  of  tbe  rare 
ragais,  especially  their  influence  on  the  formation  of  ^lyco;^^en.  He  found  that 
in  mhbite  mannose  increases  the  bepitie  fj;Iycot^cu,  and  that,  though  the 
peaUises  readily  pass  into  the  iirine^  a  small  f|uantity  is  assimilated  jls  glyca^en, 
Lindeman  and  May  ^  have  confirmed  Cremer's  results. 

Salkowski*  has  investigated  a  lar<,'e  number  of  diid it-tie  urines,  but  was 
unable  to  find  pentose  in  any  of  them.  Nevertheless,  he  found  pentose  in 
Turious  other  morbid  conditions  in  the  urine,  in  which  their  presence  eouid 
not  be  attributed  to  diet.  He  suggests  that  \\\  these  causes  they  (iri^dnate  in 
tha  body  frtjm  stich  tmcleo-proteids  as  Hainmarsten  found  in  the  pancreas,  the 
proeeaaes  of  oxidation  beijig  lessened  so  tijat  they  wen:  imL  broken  up  intcj 
simpler  materials. 

We  CAM  now  prrjceed  to  the  study  of  tli(^  e^iilMibyibateM  eoneerniiiLf 
which  we  have  more  aeeumte  pby«iohiok*nl  kinnvled^re;  and  tbese  may 
be  classified  into  the  following  three  groujKs:^ 


>Sc«afti4:Ie  **8u^ar>*/"  W«ttH'»  "Dictionary  of  CUemiiitry/"  Loritlou,  1894,  vuk  ir, 

^  Mttekr.f,  phffmol,  C/itm.,  J^trnsHhiirg,  li<L  xix.  8.  K+. 

•  IkAMpI  and  Neiiumnii,  fkr.  tl,  thuMi,  cfu^m.  f/faelhck.,  Berlin,  li«k  xxvii.  S.  2215. 

'W. /  fl  nt^'*L  H'Ltsfmch. ,  Hciliji,  IHUI,  Nos,  19  ami  '42.    niaiii**iitlial  {lifrL  klht. 
1897,  B<1.  xxxiv,  S,  245)  \m\i  iibtaim^ti  pentoses  from  niimt'ruiiH  other  iiucIl^o* 

*«  Arckir,  Bile,  cxxis.  S.  401  ;  cxxxii.  S.  3G.H  ;  cxxxiv,  S.  Ml, 
f-  Bioi.,  MlUieheii,  M.  xxix.  S.  181. 
^tr.-BL,  Ui\mg.  1890,  lU.  I  S.  i»32. 

fFchftsehr.,  U*L  xxxii.  H.  3*3 4.     St-o  also  Kal/  and  Vti^jrl  {yj,^hr.J\  Biol,, 

Bci.  xxxii.  *S.  185).     Thi^j^e  oliservirs   fuujiil  f»L'ntrjs«s  in  tuily  (Vmr  out  of 

of  luunati  dialietea.      But  tlipy  are  K^iRraHy  ibiiiifl  in   tln^  scvpro  fnniiH  of 

iti  dogs  by  the  extirpation  of  the  pantrcas  or  by  ailiiiiiiLstrutiori  of 
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1.  MonosaccJu        »   (C^HipjO^j). — Tljo   must   important   member   of   tlsis 
group  are : 

xtro^e,  I  Galactose. 

Iht  vuluse,  I  SfaniKise. 

2.  Dimccliarides    {C^.^^f}^^\ — The  most  important  members    of    thi^ 
group  are : 

C  ne  Swgar,  I  Maltose. 

I   ctoBc.  I  Isomaltose, 

3.  Pohjsaccharitl      (O^ly^0^^,—T\\i*    mo.st  imporUint   memlicrs   of   this 


group  are : 


S  trch. 

Oijrcogeiip 

Ilextrms, 


Timkin, 
G«m^. 


The  monosaccha  lujIioI  is  oxidiseil,  ttio    Jirst 

stage  in  oxidation  is  aldeliytlo^  or  a  ketone;   if 

oxidation  of  the  aJd^j  ^id  is  funned. 

When  more  conij  li^ieii,  similar  iiroduDtB  result 

The  monosaccharides  m  prodiR'tK  uf  l[m.'  he xntoiaif 
alcohols  (CH.,.OH— (( 

Of  the  hexatoinic  \vn,  namely  sorbite,  maTmitf, 
and  dulcite. 


1  )ex  i^irbitv. ' 

Man. ^  mtmniU?. 


^i 


*Talact06D  dulcite. 

Ia^'uIoso       j,     KPTOne    o.    maimitc. 

Sugars  of  the  monnfiacoharidi^  gi'<*tip  ^^^^J  t^^^i^   ^'*^   eitlicr   aldehydes, 
when  they  are  callinl  aidvs€i^\  or  kctoni^s,  wlieii  tliey  are  exalted  kdtm^. 

Dextrose,  niamiose,  and  t^'alactoR*  are  atdosei^,  and  have  the  wtrneLure 
represented  l)y  thf  f+jllowijijj;  fonmdu  :— 

CH,.OH— (CHOH),— CHO 

They  differ  from  one  another  in  their  wtereoobemical  fi>rnnda\ 
Levulose  is  a  kctowe,  find  has  tlie  striicture  re|ireyented  by^ — 

Clf.OH— (CILOH.),— CO— CH-,— OH 

The  dillerence  between  the  aldoses  nnd  kotoKes  is  shiiwn  hy  oxidation, 
levulose,  like  all  ketoses,  yielding  ai-idH  whicli  are  poorer  in  furhnn. 

If  chlorine  or  l^romiiie  water  is  nseil  as  tlie  oxi<ii.siiiM  a^^ent,  the 
aldoses  (dextrose,  niannose,  and  gtilactose)  give  isomerie  niuiiubaHit'  aeid.s 
of  the  formula — 

CII.OH— (CH.OH)  — COOH ; 

and  then,  by  further  oxidation  by  means  of  nitric  acid,  yield  dibasic 
acids  of  the  formula — 

COOH— (CH.OH),— COOH 

Both  sets  of  acids  are  stereo-isomerides. 

Monobasic  acid.  Dibasic  acid. 

From  Dextrose      .  .     Gkiconic  acid  Saccharic  acid. 

„     ]\Iannose      .  .     Mannonic  acid  Manosaccharic  acid. 

„     Galactose     .  .     Galactonic  acid  Mucic  acid. 

^  Meunier,  Compt.  rend.  Acad.  d.  sc.  Paris,  tome  cxi.  p.  49  ;  Vincent  and  Dclacbanal, 
ihuL.  n.  .^»1. 


I 


THE  MONOSACCHARIDES  $ 

GlifcnrQfiic  a€t4.~li  Hacclmrir  acid  is  hefited  five  ov  h\x  hours  in  the 
water  Ixith,  it  is  chaiii*e<l  iiitu  siit'charo-lactoiiit:  atud,  C^TTgO;.  If  tliiw  is 
reduced  hy  meaus  of  scKlinin  amalMrtiin,  one  obtains  fjlytHronk  (t^*id;^  this 
subatanee  is  of  considerable  interest  bet^auae  it  m  aoinotiinea  found  in  the 
body,  and  when  it  passes  into  the  urine  is  apt  to  be  niistiiken  for  sugar, 
manj  of  the  tests  for  which  it  gives. 

Its  csompoeition  is — 

COOH— (CH.OH),— CHO  =  C;H,,0, 

It  is  soluble  in  water  and  alcohol,  is  dextro-rotatory,  reduces  alkaline 
solutions  of  metaUic  Halts,  and  yields  sacchai^ic  acid  on  oxidation  witli 
htomine.  It  doe^  not  undergo  the  alcohoHc  fermentation.  Tliough 
related  in  its  composition  so  nearly  to  the  c^irboliyibateSj  it  yielils  with 
urea  de€oni{Hisition  i>rofbicts  which  are  aromatic,  such  as  ortbtuiitro- 
benzyl  akohol  (Jaffe).-  It  occurs  in  tlie  urine  in  tlie  form  of  the 
potassium  Stdt  (C^H^O-K)  after  tlie  adminiHtratiou  of  chloral  and 
biitylchloral;'*  nitro benzol*  orthotiitrotolnol,^  caniplna^^  etc.  It  also 
occurs  in  the  urine  after  cldfirofono  narcoms,  and  in  the  paralytic 
iecretiou  that  takes  place  on  section  of  tlie  renal  nervesJ  UcraHion- 
iilly  it  Ls  found  without  any  a[>parent  c^iuse,  as  a  residt  of  disordered 
metaWdism* 

Le\"idoHe  on  oxidation  always  yields  acids  coiitainiuf^  less  carbon 
atoms  than  itself,  namely,  trioxvhutvric  (CHjJH(ClLOH).rOOH), 
formic  <tLCOOH),  and  ^lycoUic  (CH,JJ  11  j;001i)' acids.  But  diilerent 
adds  are  yiehfel  by  diflerent  methods  of  oxidation:  thus  chlorine  or 
bromine  and  silver  oxide  oxidise  levidose  to  ^^lycollic  acid;"  intric  acid 
yields  oxalic,  tartaric,  glycollic,  acetic,  and  other  acids.'' 

Synihesu  of  sugars. ^The  firstt  step  towards  tlie  syuthosis  of  the  sugars 
was  made  by  ButlerowJ'*  He  obtained  a  supir-like  sTdKstEUn  e  by  adding  lime 
water  to  a  .solution  of  dioxyinetliylLiie ;  this  he  termed  inefhifhriiian^ 
md  gave  its  fomiula  a^  041^0,;.  Loew  ^^  uext  obtanied  a  condcusatiun 
product  of  formaldehyde  {Clh,0)  by  nifiuiw  i^f  lime  water;  to  this  substance 
he  attributed  the  formula  (C,.H|rj*Vl>  ^^^id  railed  liformoup, 

Xeitlier  methylenitan  nor  formo.se  ferment  M'itli  yeast.  Fischer  ^^ 
iBTestigaied  thesie  suKstance.**,  ami  found  that  they  were  mixtures  of  two 
aogus,  one  of  which  is  hamose  {C„Hj,(),.J,  and  another  a-acrosc  ^'^  (L\.lI,oO,.), 
both  of  which  3'ieid  crystalline  osazones. 

From  the  osazone  which  h  yielded  by  a-acrose  the  sugar  can  be  iigaiii 

'  H.  ThierreMcr,ZfjjcAr./.p/ri/,?iW.  r?tgm., S trass Inji^r,  1887»  BtL  x\,  S.  38S:  ISJ^l,  Bd.  xv, 
SL  71;  BfT.  d.  dritlineL  rhem.  G^sriUe/i.,  BfiHiii,  18SB,  Bd»  xix.  S,  3148;  E.  Fihtlier  and 
0,  Piloty,  iMil,  ]8iO,  m.  xxiv.  8.  f.2L 

^  Ztxhr. /.  phimoL  t'hcm.,  Straijalnirj?,  lid.  ii.  S.  47, 

'  Muflciiliis  and  v.  Mmng,  Arrh.f.  d.  ffi'H.  PfiffRioL,  lioiin,  B'l.  xx,  S.  64, 

*v.  Mering,  r'mhaihL/,  d.  fmd,  IFis^ensch.,  Ikrliii,  1H7ri,  No.  55, 

•  Jaffe,  loc.  cit. 

•  Schniittleberj;  and  Moypr,  Ztsehr./.  ph^fniaL  Chfrtu^  Strassl nn>:,  IVL  iii,  S.  422. 
'  A^hdowii,  Brit.  Mr4.  Jmim.,  London^  1890,  vol.  i.  p.  171. 

'  Hluiwetx  and  IlabtirriiaTiii,  Ann,  d,  t'hnn,^  Jtcnmlff,   lid.  Aw  ;   Kilianj,    ilifl,,   Hd. 

*=   175. 

Oiiinit  iiti^tj  S,  162;  Ilfinieniann.  Jmirn.  f,  praki.  Cheitt.,  Leipziff,  Bd,  Ixxxix.  S.  283, 
nn.  rfL  tliem.f  Lei|»?ig^  iM.  rxx.  S,  2S*5  j  Vompt.  rnid.  Arad,  d.  sc.^  Paris,  tome  Hi. 

TH./.  praM.  Chem.f  Leipzig,  Bd.  xxxiii.  8.  321, 
d.  devtseh,  cktm.  OestUsefi..  lif-rlin,  Bl,  xix,  .S.  2133. 

<*  i«  a  H^ipur  obtained  by  f'i'trljer,  ihid.,  Bd»  \x.  S.  10i>3  anil  256^J,  bv  anting  on 
rxidti  Vk-ith  baae-a  (2C], H ^ OBr.  h  (2Ba(0H ;.  =  C^ H ,.,0 „  +  2 BfiBr^ ;  two  isonipcic 
]  ^-Acroso  are  thus  prodai-^tl. 
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obtained  by  roilii  througli  the  intermediate  oione  {me  ]>.  9),     The  sugar 

obtained  is  identic  th  levulcuHC  nr  f riicto*;^,  except  tlmt  it  y  o]itically  iiiiw^tivc. 
If  this  inactive  leviuc  te  (t-leviilosie)  is  subiiutteii  to  the  aetiou  uf  yeasty  the 
levorotatory  t:oiistitii  nt  (</-le\iilose)  fermeiiU^,  and  the  residue  is  dextro- 
rotatory. This  in  M  v'ulose,^  hut  it  is  utit  tiie  natural  sugar.  The  natural 
sugar  was  formed  in  he  fullciwin;^^  way  :— aacroee  was  rtiduced  it)  tlie  corre- 
sponding alcohol,  tt-&  rite^  which  m  identical  with  ^'-mannit^ ;  from  this  the 
sugar  i-mannosfi  wa.^  obtained^  wliich  wa^*  fcrnientedj  and  ^-mannose  alone 
remained.  ]jy  furl  E»r  oxidation  i-manrh-we  yiehls  j-manuouiL-  acid.  IJy 
fractional  cryBtallisnt  n  of  the  mor|dihie  tir  Htrychniue  Halt  of  this  acid,  it  ean 
be  separated  intt>  it  two  active  (r^  and  /)  constituents,  and  from  these  the 
corresponding  su;^ars  (mannoRes)  are  obtained  by  njduetion,  and  these  by 
means  of  the  o^onci*  into  the  corresponding  levulosesj  the  rMevulose  being 
the  levorotatory  natural 

In   order  to  fjet  de  innonic  acids  are  heated  with 

quinoline  ;  thin  partly  d  q'eldin^^  if-  flud  /-jifluconic  ocmIi, 

and  by  reduction  of  the  cose  {or  dextrose)  an<l  /-glufitjsc 

are  obtained. 


Of   the    imiiiornn 
levulose,  and  pdart^i? 

Dextrose  in  found 
other  fruits;  also   in 
mixed  with  1^*\  uloso, 
digestion   of   ^^t;mdl.  ann  r 
lymph ;  tracew  nnly  oeiuir  lu  . 


!^ioloj4i<^'il   hlUH'iiHt. 

laturt*  in  grajien,  aTid  many 

in  hont»y.     It  in  i/c-nerally 

r.i>  it  \^  the  finsd  nwult  of  the 

Uill  <|UHiUit]ert    in  tht;  blood  and 

iritH.\     Tiie  ipiantity  both  in  the 


blood  and  urine  is  inrreused  in  chaneten.  It  crystallises  either  in  fine 
needles,  free  from  water  of  (!ryf^tallisation,f>r  with  1  uioleenle  of  water  nf 
crystallisixtion  in  mnall  ]dates;  these  UHilfc  at  100°  and  lose  their  water 
at  110°  C.  The  water-free  ervHt^ilB  melt  at  140'  and  at  170''  C.  lose 
water,  the  re^4i{lue  heinj4  ^cUicfJsane  ( (.'J 1 1,,!  Ij-  liy  hij^her  temjteratures 
it  is  eonvertcd  intn  earaujel 

Dextrose  ih  roadily  soliihlo  in  water;  the  sidutimj  is  m\l  t^o  sweet  ag 
one  of  caiie-su^fjir ;  it  m  dextrorotatr^ry*  The  spoeiHe  roUition^  varies 
with  temperature  and  eoneentraLion,  but  at  20°  G.  averages  +52"*G. 
A  freshly-made  solution  may  have  nearly  double  this  rotatory  power, 
but  on  standing  for  some  time,  or  on  heating  the  solution,  the  rotation 
becomes  normal,  l^extrose  is  slightly  soluble  in  cold,  very  soluble  in 
hot  aleoliol.     It  is  insolulde  in  ether. 

Lvndim  is  found  w^ith  dextrose  in  the  vegetalde  kingdom,  and  in 
honey.  It  is  formed  by  the  hydrolytic  splitting  of  cane-sugar  and  other 
carlxdiydrates,  ])ut  is  obtainable  with  special  ease  from  inulin.  It  is 
occasionally  found  in  dia])etic  urhie.^  In  many  cases  of  diabetes  it  may 
be  used  with  impiniity  in  the  food. 

^  Till'  /,  /,  ami  d  arc  incfixes  primarily  attaclie<l  to  isoinoric  snj;ai*s,  to  indicate  their  action 
on  ]K)larisc(l  li^lit.  wlticli  is  due  to  the  i>i(*.srnct!  and  ])o.sition  of  an  asyinnictric  carbon  atom. 
The  terms  were  introduced  l)y  Fischer  to  denote  this  character,  hut  tlicy  have  heen  extended 
to  comprise  derivatives  of  the  ori^jinal  su«^ar,  whi«di  derivatives  may  have  the  opposite 
rotatory  power,  as  is  seen  in  the  above  example,  where  a  d  su^'ar  is  levo-  and  an  /  sugar  is 
dextrorotatory. 

-  The  sficcific  rotation  (a)|)  of  jiny  substance  is  the  amount  of  rotation  in  degrees  of  a 
circle  of  the  j.lane  of  polarised  li^ht,  j)roduced  by  1  fjrm.  of  the  substance  dissolvi'<l  in 
1  c.c.  of  li<]ui«l,  examined  in  a  tube  1  decimetre  long.  It  is  measured  for  yellow  (sodium) 
light. 

^  Leo  {Virchows  Archu\  1887,  \\(\.  evii.  S.  108)  has  found  as  an  occasional  constituent 
of  diabetic  urine,  a  levorotatory  sugar  which  is  not  levulose.     Its  reducing  power  is  small, 
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Its  rryatfils,  whirh  are  diftirult  to  (ibUiin,  are  partly  water -free 
(QHi,Oe)  ami  pirtly  contain  water  of  mesial limtioii  (:^i'„II,/\H/)). 
Le\njlL»8e  is  diflerent  in  obeniieal  Cf^rKstitutioii  froiu  the  other  sugiii.s  we 
have  stuilied  in  this  ^q-oup.  It,  however,  gives  tlie  Hame  general  tests; 
but  its  sjieeitic  rotattiry  power  has  not  been  Ratisfactorily  deteriuinecL 

GtihuUm  is  ohtiiiHeil  hy  the  fiyilrt>lytie  (iee*»rnpiisition  of  lactose  or 
milk-sugar,  ami  frt»!ii  many  tjther  earhohydrates,  espeeially  gums  and 
mucilages.  It  is  ohtaine*!  by  the  (lecouqjusitiou  of  a  gluenside  oet  iirring 
in  the  hrain  ealled  cerehrin,*  It  erystallises  in  iieeciles  ta-  plates,  %vhieh 
melt  at  168"  V,  It  is  stmiewhat  njore  diflieult  of  solution  in  water  than 
dextrtjse,  and  more  strongly  dextn notatca^y. 

Mannofip  or  seniiffoite  is  another  nionosaccliaride  w1iif:li  is  of  .scitatific 
interest^  as  it  i.s  the  aldehyde  of  the  alrioliol  (niainiite)  uf  wlucli  levulose  is  the 
corresponding  ketone. 

It  does  not  occur  free  in  nature.  It  is  olitiiiiied  from  mannite  hy 
oxidation,^  and  also  by  the  action  of  dilute  sulphuric  acid  on  the  so-called 
reserve  cellulose.^ 

Raactions  of  the  monosaccharides. — (a)  Fermt'nfftfioH, — They  are 
«lirectly  fernient^ible  by  yeast  into  alrnbol  antl  earhonie  arid  (r.^Hj^Ort 
=  2C,H.vUH+:iC(),) ;  mnl  hy  tlie  Bftrfrrlintt  Ittdis  into  hLetic  aeid  (<;jli,t J.^ 
=  2CH5^'H.OH.— CDOH).  But  this  property  of  fermentation  is  i>nly 
possessed  by  those  which  oeeur  in  nature. 

(b)  RedHfituf  pourr. — Being  aldeliydes  nr  ketones^  tlujy  are  easily 
oxidisable,  and  reduce  nietalhe  oxides  in  alkaline  metlia. 

They  cause  a  deposition  of  metallic  silver  in  an  am  maniacal  silver  sohition 
oontatning  scimc  eau.*tii:  soda  ;  and  of  met^iHif  histauth  from  l*a^ir  hisunith 
iiitiat^  suspended  in  soda  (Ijotteher's  test) ;  and  of  the  red  cuprons  oxide  (Cu^O), 
or  of  the  yellow  cuprous  hydrate  Cu(OILj),  from  an  alkaline  solution  of  cupric 
oxide,  as  in  Trommer's  and  Feh ling's  tests,* 

(r)  When  heated  in  the  dry  state,  before  they  char,  they  yield  a^ 
f»rf>wijislj  ]jroduet  ealled  earaineL  A  similar  snbstanee  is  formed  by 
boiling  with  alkalies  (Moore  s  test).^  In  the  brown  substanre  formed, 
among  other  liodies  is  Icritlink  m'id,  CH^ — CO — i"!i^ — ('Ho — COOII, 

its  rotatory  powfir  w<*Ak  («d  -  2fi) ;  it  forms  an  osazonr.  Nrubovicr  ai>d  Vogol 
(*•  AnleitnngmrfiualitativeB  mid  quAntitativTTi  Analyse  ties  Hams,"  1S30)  suggest  tlifl  naine 
•*laio«e"  for  it. 

*  Thierfel.Jf-r,  Zi^rhr.  f.  phifmof.  Chj^m.,  Straseburg,  IM.  si  v.  S.  '200;  Rtotiii  and 
Iforrii,  Proc.  Chfm.  Soc,  Ijondon,  ISi^^,  p,  1<57. 

^  Fisi^hcT  and  Hirsohbprger,  Ber.  it  dnttsch.  chcm.  fltf^rflsih.,  Ikrlin.  nili>.  xxi\  S.  1805  ; 
MiL  S.  1155  ami  3218.  ^  RQh^,  ihid.,  M.  xxii.  8.  W9  arul  3218, 

*  In  AnLIiii's  nictliCHl  {Jmirn.  /.  prtdi.  ('ht-m.,  Leip/.tg,  Ud.  xxii  S,  hh]  of  estininting 
tbe  redociD|i(  i»ower  of  a  sngar  the  eii[in>Qa  oxidi'  rdaained  l>y  Felihf]*i's  riu  ihod  is  rolleetra 
Miwl  «r«lirhe<l  a«  metallic  eojii>*?r.     PflUger  (.1/y/j. /.  4,  fjrs,  rfti/mnL,  Uuiin,  l>v7r,  IVU  Ixvi.) 

<i#  thdt  tlte  eauroiis  oxi<ie  should  ho  dricfl  at  120  and  iveight'd.  (t'SuUivari  and 
*m.  Ckrm,  .SV.,  London,  189H,  p.  Ifif^l),  wlio  luive  ref^ently  i>rejiiire<l  dextrose 
n\  sourL-e-H,  have  found  that  1  gr.  of  UuO  is  reiluced  by  0'45'jri  gr,  of  tlfxtrone 
-0*50l&  j^.  dextrose).  On  tlie  relation  betvieen  ritUieing  jtoAViT  and  s|ieritk 
atrtes  of  j»a[>era  by  H.  T.  Brr«wu,  II.  11.  Hsoiis,  and  .T,  H.  Millar  i Pro*\ 
«Otuion,  IS9IJ,  |>|>.  *ill-*2Jl).  If  tbe  itdueirig  power  of  dextrose  is  tJiktii  as 
-vulose  is  R2  to  94  {Ibid.,  1897.  p.  4). 

*^  {At'ch,/.  d.  iffs.  rhijsi^d,  Bonn,  I8IM1,   Hd,  Ixiv.  S,  575}  ha.s  found  that 
accompanied  bj  the  formation  of  products  of  oxidation,  namely  aldehyde 
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obtained  by  red  a  through  tli©  in  termed  iatu  mmm  {mi*  y.  9)*     The  stigiir 

obtained  is  identic  ,th  levulose  orfructri&e,  ext-ept  that  it  in  o|itici\lly  inactive. 
If  this  inactive  le\u  te  {i  lev^ulose)  is  f^ubmitted  to  the  action  of  yeru^t,  tliG 
levorotatory  constiti  iit  ((/-ievulofiG)  ferment^,  and  the  residue  is  dextro- 
rotatory. This  is  Z%  viilose,^  but  it  is  not  the  uiitural  sugar.  The  natural 
sugar  was  formed  in  lie  following'  way  :— ^a-acrose  \s'^^  reduceiJ  U}  the  corre- 
sponding alcohol,  a-a  rite,  which  i«  ii|*:utical  with  ^maniiitr! ;  from  this  the 
sugar  t-mannose  was  obt^iinod,  wliicli  was  fi*rnjei>ted,  an<l  ^-niannotie  alone 
remained.  By  furt  ^r  oxidntion  £-11111  nnoi^o  yields  /-iiiaiinimio  aekl.  lij 
fractional  crystallisat  u  of  the  uiorphine  or  ptryclmiue  lialt  ui  this  acid,  it  enn 
be  separated  into  itt  twa  active  (fi  and  /)  constitufnUn,  ami  from  these  the 
corresponding  sugars  (luanndseH)  arc  ubUiiuDd  hy  reduction,  and  these  by 
means  of  the  ozones  int«  the  correspond in^^  levuloseB,  the  f/-IevuloR^  being 
the  levorotatory  natural 

In  order  to  get  de!  tnnonic  acids  are  heat4?(]  with 

quinoline  ;  this  partly  d  'kilding  d-  ami  /-gluconic  acids, 

and  by  reduction  of  tb^  cose  {or  dextro&c)  and  /-glucoso 

are  obtained. 


Of   the   imnieroiii 
levulose,  and  galacto^ 

Dextrose  is  found 
other  fruits ;  also  in 
mixed  with  levulose. 
digestion   of   starch,  wwn  n 
lymph;  traces  only  occnr  in 


JHJictdiariik*   gn>np,  doxtros^*, 

Kit^hlgiciLl  interest. 

intiire  in  gnipea,  and  M\m\y 

in  honey.     It  \^  j^enerally 

r,n  it  iH  the  final  result  of  the 

(all  t|Usuititir-8    in  the  IiIimmI  and 

.iiine.     Tlie  f|uaiitity  hotli  in  the 


Idood  and  urine  is  increased  in  diaheten.  It  crystallises  either  in  fine 
needles,  free  from  water  of  crystalli-sjition^or  with  1  niolcrule  of  water  of 
crystal  1  i  sat  ion  in  smn  1 1  ]  1  la  te  s :  t  h  ese  i  n  el  t  a  t  1 00 "'  m  id  h  ►se  t  h  ei  r  w^a  ter 
at  110°  C.  Tlie  wator-free  cryslaLs  melt  at  \A\V  and  at  ITO""  (\  lose 
water,  the  residue  Ikoinir  ;,duco.sane  (('„Hj^^t  K).  \\\  higiier  lenipenitin^es 
it  is  converted  into  carsiniel 

Dextrose  is  readily  solnhie  in  water:  lUv  solution  is  not  m  gweet  as 
one  of  cane-sugar;  it  \b  dextrorotatory.  The  specific  rotation*  variea 
with  temperature  ami  concentration,  hut  at  ^O""  CI  averages  +52'^^0, 
A  freshly-made  srduhoit  may  have  ju^arly  double  this  natatory  jiower, 
Imt  on  standing  for  staue  time,  or  on  heating  the  solution,  the  rotation 
becomes  normal.  I>extn>Be  is  Hliglitly  sohihle  in  cold,  very  siduble  in 
hot  alcoliol.      It  is  insululde  iTi  ether. 

Lrn/lo>if'  is  found  with  dextnfse  in  tlie  vegetable  king<hini,  and  in 
honey.  It  is  formed  by  tlie  hydrolytie  Hiililting  of  cane-sugar  and  trther 
carbohydrates,  ])ut  is  obtainable  wdth  special  ease  from  inidin.  It  is 
oc(^iisionalIy  found  in  diabetic  urine.^  In  many  wises  of  diabetes  it  may 
be  used  witli  impunity  in  the  food. 

^  Tlie  /,  /,  and  fl  arc  prefixes  primarily  attaelied  to  isomeric  Rit*;ai's,  to  indicate  tlieir  action 
on  ]>olarised  liglit.  \vl)ieli  is  due  to  tlie  presence  and  position  of  an  asynimetric  carl »on  atom. 
The  terms  were  introduced  hy  Fiscljcr  to  denote  tins  cliaraeter,  l>ut  they  liave  been  extende<l 
to  comprise  derivatives  of  the  ori*;inal  su;[(ar,  wliidi  derivatives  may  have  the  opposite 
rotatory  ]»o\ver,  as  is  seen  in  tlic  above  exami»le,  wliere  a  d  s\igar  is  levo-  and  an  I  sugar  is 
dextrorotatory. 

■■^  TIjc  specific  rotation  (a)i(  of  nny  substance  is  tlic  amount  of  rotation  in  degrees  of  a 
circle  of  the  )»lane  of  )»olaiised  li^ht,  prcwluced  by  1  grm.  of  the  substance  dissolved  in 
1  c.c.  of  licjuid,  examined  in  a  tube  1  decimetre  long.  It  is  measured  for  yellow  (sodium) 
light. 

^  Leo  (Virchow's  Arch\t\  1887,  Hd.  cvii.  S.  108)  hns  found  a,s  an  occasional  constituent 
of  diabetic  urine,  a  levurotatory  sugar  which  is  not  levulose.     Its  reducing  power  is  small, 
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Itfl  crystals.  whir!i  Jire  dUfunilt  to  obtain*  are  partly  water^free 
(C<Hi,Urt>  ami  partly  rouUiu  water  of  (TyHt4ilH«atiou  (*J< '^iHi^OcHgO)* 
Leviili>,He  Ls  diH'ereiit  111  chemical  cunstitution  fmm  tlie  other  sugars  we 
have  8tinlie4  in  thin  t^toup.  It,  liowever,  gives  tiie  Hiiiiie  f(encral  tests  ; 
but  its  specific  r*»fcat(jry  power  has  not  been  mitisfactorily  flotenoined. 

Gnhtrfosr  is  olitaiiie*!  by  the  hydnrlytie  decomposition  of  lactose  or 
niilk-Hiigur,  and  frniji  many  other  (^arbuhyd rates,  esijeeiully  gnms  and 
mueila^es.  It  iw  obtained  by  tfie  deeoni]Mwiti()n  of  a  }fliic(*side  rjeeurring 
in  the  l*niiu  eaUed  ccrebrinJ  It  crystalliHes  in  needlen  or  jilates,  whicl) 
melt  at  HjH''  U.  It  is  somewhat  loure  diflicult  of  solution  in  water  t!ian 
dextrtjse,  and  more  strongly  dextrorot^itory. 

Mannrme  or  seminuxe  ig  a  11  other  inonaHacoIiarido  width  m  of  scit^ntlfic 
interest,  as  it  ir  th«  aldehyde  uf  the  alcoliul  (msuniitc)  df  whidi  levulosf  is  the 
eoires | >on  d  i  ti  yr  k  e  t< :ai  e. 

It  di>es  not  occur  frer;  in  natin'i\  It  in  obtsiined  from  luaivniUi  by 
oxidatirin,^  and  also  by  tlic  action  of  dilute  sulphurif*  at  id  ou  the  so-called 
reeerve  cellulose.^ 

Heactions  of  the  monosaccharides,  ^(^^f)  FcniwufalmL — They  are 
<lirectly  fermentable  by  yeast  into  uleohol  and  earbonie  acid  ((',J !,./>„ 
=  2<JjHs-UlI  +  2(  '*),) ;  and  by  the  nnrfrrhnt}  lmtl>i  into  laclie  acid  ((  oH,J  \^ 
^2CH, — UH.OH.— i'tHJllY  liut  this  property  of  fermenlatitui  is  only 
|iussesseii  by  those  which  oecnr  in  nature. 

ib)  Reduehyj  jmu'tT. — Beinj^^  uhleliydes  nv  ketoneSi  they  are  easily 
oxiiliiaable,  and  re<luee  inetallic  oxide.s  in  alkaline  media. 

They  cau^e  a  rleposition  of  metallic  silver  in  an  ammoniacal  silver  suhiLion 
eontaiiiing  some  cauj^tic  SMjda ;  and  of  metallic  bismuth  from  liasic  bismuth 
nitrate  snspended  in  isoda  (Bottcher's  test) ;  and  of  the  red  ciiprouB  oxide  (Cu/)), 
or  of  the  yellow  cuprous  hydrate  Cu(OIL),  from  an  alkaline  solution  of  cnpric 
oxide,  as  in  Trommer'.s  and  Feb  ling's  tests.* 

(r)  When  heated  in  the  dry  f^tate,  before  they  ehar,  they  yield  a' 
brownish  i^ro^lnet  chilled  caramel  A  sindlar  .snljstanee  is  formed  l»y 
Iwiliiig  with  alkalies  (Mcjores  test).^  In  the  brtiwn  substance  formcib 
among  other  IxKliet*  is  kvulinw  atid,  ClI., — CO— (MT^— CH. — CUOll. 

tCn  rotatory  power  we-nk  («d  -  26) ;  it  forms  an  osa^onp.  N^uIhiuct  and  Vogrl 
(**  AtileitangJrarquaUtativeii  und  (^uantilativcn  AnalywJeallanis,"  ISDO)  .itiggcHt  tlie  name 
**l*io9«^ "  for  it. 

1  TbierfelJer,  Ztitchr.  f.  ptujmQL  Cfttm.,  StraAsburg,  \U.  xiv.  S.  20R ;  Rron-Ti  ami 
llorria,  /Vo<?,  Chtm.  t^oc,  Ijomlon,  ISSU,  p,  167. 

*  FisL'her  and  Hirscbbcrxer,  Ber.  d.  d^iifiich.  rhrm.  GrKfU^t'h.,  Berlin,  hiir.  xxi,  S.  1805; 
iiii,  8,  1155  and  a218.  »  Rciss,  ihid.,  IM.  x.ui.  .S.  !M)9  and  ?^1\K 

*  In  AHiUirs  niethoci  {Jmirn,  /,  prakt.  (lifm.^  Leip/ig,  \\A.  xxii  S.  5.'>)  of  i  sthiinting 
the  reducing  powtT  of  c*  sugar,  the  cMprous  oxiciv  f^btaim-d  l^y  FeJitin|,''s  rinthod  in  rnllctjtid 

'^a.s  niotAllic  eojijien     PllUgcr  (/f  r<^A. /.  d.  tjcH.  Hn^sioL,  ntnui,  187r»  IVh  Ixvj,) 

"hat  the  cuproiiJi  oxiiie  should  be  dried  at  120'  and  woigbt'd.     O'Sullivau  tind 

Vh€^n.  Soi'.^  rxmdon,  189(J,  p.  U»91),  who  havo  p-ceiitly  [>reiwired  dexlroHo 

;  icmrcefi,  have  found  that  1  gr.  of  CnO  in  reduced  bv  {^43-^'*  gr,   of  dtxtru.ie 

"tO"504&  gr,  d<^xtrn,se).     On  tbi^  relation  bet\ve«*ii  ndming  poutir  and  aiieriticr 

'  lerica  of  i»ai>f'r!i  by  H.  T,   nn«vvu,   ti.    H.  Ihuria,  and  .h   H.   Minar  i Pfnr, 

»ndon,  18y<),  pp.  21I-*2lt).     If  the  ndming  power  of  dextrose  is  taken  as 

ulose  is  92  to  94  {Hid.,  imi,  p.  4). 

{Arch.f.d.  tfes.   FfnjsioL,   Bouu,   1S96,   Wd.  Ixiv.   S.  57.1)  ban  fmrnd   tliat 
accompanied  bj  the  formation  of  product*  of  oxidation,  nauiely  abJcdiyde 
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obtained  by  redui  tliro^gh  ihe  ititemK-<liaie  meme  (eoe  fv  %y  The  fiiig&r 
obtained  is  identic  ilh  le^Tilo^ or fructt^,  except  tliat  it  u  opticullj  inactive. 
If  this  inactive  levtutJ  ^e  (i-levitlciBe)  i^  suhiaiited  to  the  ocLiou  of  yeast,  tha 
levorotatory  constita  tit  (rf-le^iiloge)  fermettta,  and  the  residue  is  dextro- 
rotatory. This  is  IrV  viiloftc,^  but  it  m  not  the  natural  &iigar.  The  imtttml 
sugar  was  formed  in  lie  folio  win  j^  way  :— a  acruee  wa.^  i^uc«f«l  W  the  corre- 
sponding alcohol,  a-a  rite,  which  L*  i»k*iUi*?al  with  i-nmnnite ;  frt»in  this  the 
sugar  i-mannose  was  obtain wK  Trhieh  wiis  fentiente'l,  and  ?-mannose  alone 
remained.  By  fur  pt  oxidation  i-nianijOi*e  yiel*i^  f-mannonic  acid.  By 
fractional  crystallisal..  n  of  the  mor|jliine  or  strythiiini?  salt  of  this  ncid,  it  can 
be  separated  into  its  two  actii*e  {tf  and  })  conFtilnent*,  and  from  these  the 
corresponding  sugars  (n»nnni>^esi)  are  obtaine'l  by  reduction,  and  these  by 
means  of  the  ozones  into  the  corresfionfling  levultwseEt,  the  rf-levulose  being 
the  levorotatory  natural 

In  order  to  get  dc  um^*nic  acid«  am  heated  with 

quinoline  ;  this  partly  il  rieldini:  *(-  und  /-glue'inic  neids, 

and  by  reduction  of  thf  r*o?ic  (or  dcxtnist*)  and  /-glucose 

are  obtained. 

Of   the   nunieron  «^irfliaride  group,  dextrr>se, 

levulose,  and  galact<.>*  molrit^eiii  interest. 

Dcxtrosr  m  found  iiiitmv  i!i  jj:m[>e.s  ami  iiiaiiy 

other  fruits;  also   in  in  honey.     It  is  crenemlly 

mixed  with  levulose.  ^miv  it  ij^  tlie  final  rCHult  of  the 

digestion   of   sttirch,  and  i  i.dl  ijimntitu's^   in  tlio  hhwid  and 

lymph:  traces  only  oexnir  in  ii-i,i.«u  urine.  Tht*  t|tiHiitity  lK*th  in  thi3 
IdcKxl  and  urine  is  iiicre^iwed  in  dialn^tivs.  U  t'rvHtallitias  either  in  fine 
needles,  free  from  water  nf  rrvi^tallisjttiniLor  vvitfi  ]  mohn-rde  of  water  of 
crystallisiition  in  smitll  jjLitos;  tlie,se  TJielt  al  UR»  ainl  h^s^i  their  %vater 
at  110^  C.  Tlie  wal(^r-frL^*i  ervKUils  melt  ut  \\\\  and  at  170M.\  \nm 
water,  the  residue  ]«eing  ^dueoEane  ((.'JFj/^jv),  liy  higher  anyi»t*rainro8 
it  is  converted  into  earaujel. 

Dextrose  is  readily  wnlnf*!"?  in  water:  the  srdiition  is  not  so  sw^eet  ae 
one  of  caiie-sii<^'ar ;  it  is  dextmrntaloiy.  The  sjiecilic  rotation^  variee 
with  tenijierature  and  roneentration,  hut  at  2l)°  C.  avenijrea  H-ol^^-G. 
A  freshly-made  sohuinu  may  liave  nearly  double  tlii?^  rr^tatnry  poweri 
hut  on  staiidinj^  for  some  time,  or  on  fieatinj;  tlst^  solution,  the  rotation 
becomcis  normal.  I)c\rrnse  is  slij^htlv  Siilvihle  in  cold,  verv  soluble  in 
hot  alcohol.      It  is  insnlnhle  hi  ether. 

Lfrv\if>^  is  fovmd  with  dexlio^e  in  the  vr;:otahle  kinj^dom,  and  in 
honey.  It  is  formed  Itv  the  liydrisiytic  splitlin^  of  cane-MUptr  find  otbt^r 
(^ilrl)ohyd^ates,  hut  is  iihtuinahle  with  special  ease  iVoin  inutin.  It  is 
occasionally  found  in  diiil>etic  uriae.^  In  niiiny  crises  of  dblH.*tes  it  may 
]>e  used  with  im})unity  in  the  foi^tl. 

^  Tlic  /,  /.  aijfl  d  arc  jMcfixes  primarily  attarlie*!  to  isoinoric  simai"s,  to  indicate  their  action 
on  ]>olaris«Ml  li;^'lit.  wliicli  is  diH'  to  tin*  i»ics«'ii(('  and  ]»osition  of  an  asyninictric  rar]>on  atom. 
The  tornih  were  introduced  hy  Fisclier  to  denote  tliis  character,  Imt  tluy  Ijave  heen  extended 
to  coni]>risc  ihrivativcs  of  the  ori<;inal  sn^'ar,  wliich  derivatives  may  liave  the  opposite 
r<»tatory  po\v«T,  as  is  seen  in  the  above  example,  wliere  a  d  s\igar  is  levo-  and  an  /  sugar  is 
dextrorotatory. 

-  Tlie  specific  rotation  (a)|,  of  uny  sulistance  is  the  amonnt  of  rotation  in  degi'ees  of  a 
circle  of  the  plane  of  jtolariscd  li^ht,  jiroduced  hy  1  prm.  of  the  substance  dissolves!  in 
1  c.c.  of  liquid,  examin»-d  in  a  tul)e  1  decimetre  long.  It  is  measured  for  yellow  (sodium) 
light. 

^  lAio  (rirchoirs  Archu\  1887,  Ikl.  cvii.  S.  108)  hns  found  as  an  occasional  constituent 
of  diabetic  urine,  a  levorotatory  sugar  which  is  not  Icvulose.     Its  reducing  power  is  small, 
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Its  eryst-als,  wldch  are  diHieult  to  obtain,  are  partly  water-free 
(CfHijO^)  and  [lartly  enntaiii  water  of  frysUlliHiitioii  (2CJIi/\H.^0). 
Levtildse  iH  diftereiit  in  chemical  rtuiMtitution  from  the  other  Rugara  we 
liave  studied  in  this  ^roup.  It,  hiAvever,  gives  the  same  general  tests  ; 
but  its  sped  tic  rotatt>Fy  power  has  not  been  satisfactorily  detcnniiied. 

Gahu'lust  is  obtained  l*y  the  hycholytie  deconxpasition  nf  lactose  or 
milk-sugar,  and  fruni  inaiiy  other  car)  loli  yd  rates,  esjiecially  gnms  and 
muriLiges.  It  is  obtained  liy  the  decomposition  of  a  ghicoside  o<"cinTing 
ill  the  brain  e^iUed  eerebrinJ  It  crystalliseH  in  neeiUes  or  jilates,  which 
melt  at  168"  L\  It  is  sttmewhat  more  difticnlt  of  sohitiun  in  water  tlian 
Jextnise,  and  more  strongly  dextrorotatory. 

Afanrt47fip  or  setifitio,^e  is  another  aionosaceliaride  wliich  is  of  scientific 
interest,  as  it  i-s  the  aldehyde  of  tlie  alcoliul  (muiuvitii)  of  winch  leviiluse  is  the 
eorrespondiii!?  keU»ne. 

It  doej?  not  occur  free  in  nature.  It  iw  olttained  from  tiiannite  liy 
oxidaLion^*^  and  also  by  the  action  of  dilute  aulplmric  acid  on  the  so-called 
reserve  cellulose.^ 

HeaiCtions  of  the  monosaccharides.^^ — (a)  Fn'mtttfnfian, — They  are 
direetlv  fennentable  bv  yeast  into  alcnhul  and  earhnnic  aeiil  ((■,.H,J),, 
=  2CjH..OH+2CO,) :  araf  by  the  Barfrntim  htrlU  into  Inctic  a(^id  {( \.}\^1\ 
=  2CH3 — CIIOH. — COOH).  But  this  property  of  fermentation  is  only 
po8sesse<l  by  those  which  occur  in  nature. 

(b)  Rfdimiifj  poffrr. — Heing  aldehydes  ur  ketones,  they  are  easily 
oxidi8a))le,  and  reduce  metallic  oxides  in  alkaline  niedijL 

They  cause  a  dejjosition  of  metallic  silver  in  an  auiinouiacal  silver  stduLiou 
eonUiining  some  caustic  8oda ;  and  of  metallic  bismuth  from  lia.'^ic  bisiauth 
Ultimate  suspended  in  suda  (Bottcherl?  test) ;  and  of  the  red  cuproiiK  oxide  (CuX)), 
or  of  the  yellow  cuprous  hydrate  Cu(t>H2}i  from  an  alkaline  solution  of  cupric 
ojdde,  as  in  TrommerV  and  Fclding  s  tests."* 

(r)  Wlien  heated  in  the  dry  state,  before  tliey  char,  they  yield  a' 
browDisti  pro<luct  ciilled  caramel,  A  niinilar  .subwUince  is  banned  by 
boiling  with  alkaliea  (Moore'K  teBt).^  In  the  brown  substunec  formed, 
among  other  lMxiie«  m  lei^t/linie  arid,  CII3 — CO — *'IL— Clf. — i'OUH. 

iu  rotatory  power  wiiak  («i>  -  26) ;  it  forms  lui  OHa7one.  Npiiliiiufr  and  Vcigel 
(**  Auleitting^nrriualiutiYeR  nnf!  qtiantitativen  Analyse  dua Hams,"  16D0)  snggDBt  the  nume 
"laiosM^  **  for  it. 

'  ThierfeldiT.  Ztsehr.  /.  physiof.  Chem.,  Straaaburg,  B4.  xiv.  S.  20il ;  Brown  ami 
Mornis  Prr>r.  Ch^m,  Soc^  Londnu,  1H89,  p.  Itj?. 

*  Fischer  and  Flirschber^er^  Ber,  d.  dfvtftch.  rhem.  tlcxrtl^h.^  Bit] in,  IMr.  xxi  S.  1805; 
%idl  S.  1155  and  3218.  ^  HcLhs,  ibid.,  M.  xxii.  S.  im  ami  32] f^. 

*  In  Allihii'M  method  {Jmtrti.  /,  pntU.  t*/frm.,  Leipzig,  H*l.  xxii  8.  fj5)  of  cBtimatiug 
Ibe  reducing;  power  of  a  sugar,  the  eiiproiis  oxidi^  ohtaiiied  by  Fehling's  nuthnd  is  troUirttrd 

CL  as  metal  lie  cop  i*er»  Vihigcr  {A  rth.t\  tl,  tjrs.  IVijfsioL^  Hyiiii,  1877,  lid.  Ixvi.) 
Itiuit  the  cMiprous  oxidu  ftthould  be  driefl  nt  120'  aiiil  weighed.  (VSunivan  and 
I.  r7tt'iu.  Sm'.,  Ijcmdon,  189ti,  |«.  1691),  who  have  r^crMtly  jtrepari'd  ilextrtiwo 
1  live  found  that  I  gr.  of  CiiO  in  redmed  by  O'^rt^fp  gr.  of  dextrose 

jT.  dextn^se).  On  tlif  relatioi^  between  r«  lim  ing  powiT  and  speeilie 
s*'ri»  s  n|  |>a|]tTH  by  H.  T.  nirnvri,  fi.  H.  Hiirris,  and  .K  H.  Millar  {J'ror. 
lOiidoi)^  l^9ty,  pp.  *21 1-244).  If  the  riHlmiTig  [louer  of  tiextrose  is  taken  as 
fv  11  lose  is  i*2  to  94  U'huL,  1897,  [«.  4). 
niArch,/,tL  *jt's.  PhijmoL,  Bonn,  18HH,  Bd,  Ixiv,  S,  575)  has  foinirl  that 
I  aceorapanied  by  the  formatiou  of  products  of  oxidation,  namely  aldehyde 
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(d)  Pkenylhtjdriwmt  k^. — Tbis  is  earned  out  in  tlit;  following 
way: — 

To  5  ce.  of  a  solution  of  isugar  (which  shoultl  Dot  be  Btronger  tbnTi  0*5  [.wr 
cent.)  1  decigTamrae  of  pheuylhyclmEiue  hydrochloritle  and  2  dedgmmmej^  of 
8odinm  a(.'etatc!  are  added,  aiid  the  mixturt?  healed  on  the  water  bath  for 
half  sin  hmn\  On  cooling,  if  nut  hefort*,  a  crystalline  or  ainorjiliouK  jire* 
eipilate  :?epan\les  ont^  Jf  amorphous  it  may  be  diif*olved  in  hut  alcuholj 
tho  mixture  diluted  with  water,  and  boiled  to  exiJcl  the  akuholj  whereupon 


Fig.  1— Crystals  of  phenylglucosazom*. 

tlio  c(»ni|M.ini(l  or  osazone  Rci)arates  out  in   yellow  crystals.     It  is  inii)ortant 
that  tliere  should  Ix'  an  excess  of  phenylhydrazine. 


Dextrose  ^/wvh  a  ]»reci]»itate  of  ]dieiiy]^dnc()sazone  (C\Ji.._,N.,04), 
whioli  crystallises  in  yellow  iieedl(\s  (jneltiii^-]H)iiit  20r)°  ( '.).  I.evuhise 
and  mainiose  yield  osa/cmes  identical  with  this. 

(lalactose  yields  a  very  sijiiilar  (isazone  (]»]ienyl<^falact()sa7one)-  It 
differs  fnnn  ])hcnyl,uluc(»sa/one  hy  melting' at  ]00-10^)  ('.,  and  in  heing 
optically  inactive  when  dissolved  in  glacial  acetic  acid. 

The  clieniistry  of  the  reaction  is  re])resented  in  the  following 
equations : — 
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L  CII J  *HLCH(OH)1,CH(OH)CUH  +  H,X.N11(C,,1I,) 

( d  c  X  t  r  n«i? )  ( pkeu  J I  \  ly  d raziiic ) 

CIU01I[CH{0H)]aCH(0II)CH 

=     '  II  +n,o 

N-NH(CA) 

(hydrazone)  (water) 

2.  CH,oii[cn(on)]3CH(oii)CH 

II  +C,I[,.NII-NiI., 

N-NH(C,I[,) 
(hyilraxone)  (]j]teDylhv<itrtziiio) 

CH.OH[CH(OH)}^C— CH 

=       '  II      II  +11,       4 11.0 

(oaazone)  (hydrogen)     (wiiter) 

The  hydrogen  ^een  in  the  i*Dcond  cqimtion  is  not  refilly  sut  free,  Lut 
it  i«  used  to  split  np  ^  further  niolt^nuk'  of  phmiv 111 vdra/;inc  into  aniline  and 
immoDia  (Nil.— ^'II.C.H.,  +  IL  =  NHX,H-  +  ML).  ^ 

In  oriler  lo  ohyiiii  the  anmv  fnnii  the  usazoiie  affiiiii,  it  is  fii'Hb 
trejited  \irith  fiiuiin^'  JiydroehJoi'ic  aeid.*  This  givef^  liwe  to  phmiylhy- 
liraziiie  and  a  8o-r<dled  oaone.  An  oHone  is  a  snlistrm*  e  whif  h,  lH\sitlL's 
iIk  ketone  grrjup,  contains  an  akkdivtle  group  as  wull :  ( 'H  J.)ll — ^(^Cll.Olljj 
_C0_(  OH. 

Ky  means  of  ziiic  and  aeetie  acid  the  oenne  ia  eiisily  reduced  to  wngar. 

Glue^jsamine. — A  derivative  of  glucose  whieh  is  of  some  physiological 
interest  i»  ainido-ghtcose  or  ghicosamine,  C,^Hj,O.^.NH^,.  This  1.4  obtained  on 
Ibe  decomposition  of  chitin  and  cliondruitin.  Jiy  trciitinent  with  nitrous  acid 
ft  passes  into  dextrose — 

C^HjiO^.NH.  +  NOOH  =  C,1I,J ),  +  ^'o  + 11 JJ 

Glucosamine  can  also  he  nbtained  by  treating  t^l^^^i^y^fe'^^c*^^*''^''^!^^  directly  witli 
reducing  agents — 

C,Hi/V(N.,H,C,H,)o  +  IIJ)  + 11,  =^  CJl ^/  )-.NH,H- 

(phony  IglycufiaxoTif?)  [>(luc<i;-;4mune) 

NH„-NH.C^H,+  N1I.,C,H,, 

( ph  e  Dv  1  h  yd  vAfA  11  e )        (audi  rit: ) 

This  shows  us  another  way  of  regenerating  the  sugars  from  their  osa/nne.^/- 
Farther  particulars  about  glucosamine  will  he  found  in  connection  with  chitin 
and  cartilage. 

The  dis&ccharides.^ — A  disacclKuitle  is  a  eondensation  jirodnft  «»f 
two  mtilecuk'8  of  the  simple  sugars  or  monosaeeharide.s,  the  change  lieing 
attimdect  with  the  loss  of  a  ni<ilecule  of  water  :- 

(;,H,  A  +  (  '«HjM  -  C-\.J  i.o„  + 110 

Thus— 

Cane-sugar  is  derivable  from  dextren'^e  and  Icvulosc  ; 
Milk-Bugar,  or  lactose,  from  dexlr<>sf  and  galactose; 
Maltose,  from  dextrose  and  ilextro^e. 

general  proiKM-ties of  these  mioans  me  like  those  of  the  moinisac- 

dirr,  Brr.  d.  datia^h.  rhrm.   Ge^eflarh,   Berlm,  1888,    Bd,   Jtxi.   .S,   '2fm  ;  ISSP, 
«7;  18<>0,  lid.  xxiii.  S.  *J118. 
ler,     ibuL,    Berhn;    Bd.     mx.    S.    1D20  ;    Fi.^f^hci   mid    J.    TjiM,   ibid.,    Bd. 
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cliarides;    their  iihilititjs    are    Bonilar;    they  are    optitmlly  activG,  f 

crystallisahle,  diou  hie,  ami  swoet,      Heutt?d   ciry,   they  give  rise  to 

civraiiicjl      Further,  they   (with   tht?   ext-eptinn   of   c.iiie-sugar)   reduce 

alkahue  suiutitms  o  metallic  oKides  likt?  Fehliugs  stjlutioii,  and  (agaiB 

witli  the  exeeptiou  ■  f  cane-sut^ar)  funu  crystallhie  osaieoucE^. 

By  hydrr^lysiiig  i  ^eiiciiiia  they  Utke  up  water,  and  split  intt)  the  simple 

sugars  of  which  the  are  mat-le  up.     Thus^ 

Ciia<  suguT  4-  water  -  dextrose  +  iGVulo^e. 
J  fa  It  ise  +  water  =  dextrose  +  liextmse* 
Lacti  9©  +  w*ater  =  dextrose  +  galtictoije, 

Aiurai^  the  aj^mits  eapahle  fif  producing  this  dwoiupoi^ition  the 
imm'fiuff  feniietit  of  thftwint'ii  inir.wtinti  mn^t  iiu  p.'irti(ndarly  uieutinneiL 
The  teriti  invemon  ar  it,  if  cane-sugar  is  tlio  ruH- 

staiu'e  acted  uii,  the  :.ory  8nluti<ni  ItecinucH  levo- 

rotatory,  iH^pause  the  the  levulone  in  jri'eatcr  than 

the  dextnjrotatory  p  inuetl.     The  terui  iu version 

haH,  Iiowever,  heeu  le  siiTiilar  decotnpoBitionB  of 

lactoi^e  and  inalLn.se.  wJiieh  the  monuBiiccharides 

are  united  to  form  dii^  Jr/mm. 

Vam-aufjar    is    ^  throughout     the    vegetahki 

kingdom  iu  the  juic  h,  especially  the  sugar-cane, 

l:*eetroot,  mallow,  anrl  n\  it  ia  nf  high  value.    After 

ahnudaut  ingentitm  of  i^«t  b        y  he  found  in  the  }4ood  and 

urine;    hut   the   greater   p^_  icj      nver^ion  in    the  alimentary 

eamiL 

It  is  readily  woluhle  in  water  (100  fjarts  of  saturated  solution  contain 
67  nf  Hngar),^  hut  solnhle  witli  difficnlty  iu  aleohoL  It  funns  large, 
colonrlcHW  umm^clinic  cryKtals,  It  is  strongly  dextrorotrfxtory,  and 
the  amount  of  robition  does  not  vary  80  nnieh  with  concentration 
and  temjieratnre  an  dfi  mf»8t  nf  the  other  sugars.  The  avemge  value 
of  (qe)^  — +00  5. 

(Mne-sngar  di»es  nut  give  many  of  tljc  sugar  tests;  thuK,  it  does  not 
give  iliinrc's  test;  with  Troinuui's  test,  it  gives  a  hhie  snlntion,  hut  no 
reductiiai  otrui^s  on  heating.  It  does  not  re^ct  with  phenyl hydnii^inei 
and  it  is  nnt  directly  fermcuUihle  l>y  yeast:  the  yeast,  however,  secretes 
an  inverting  ferment,  and  after  inversion  the  glucoses  fia^med  are  con- 
verlc^l  into  alrohol  und  carhonic  at  id, 

liy  hnjliurr  wjth  concentrated  hydrf>cldoric  acid  a  deep  red  snlntion 
is  f<H-med.     Uextmse,  mulLtise,  nnd  lactu^c  dn  nnt  give  this  reai.-tiun. 

MftJftt^'  is  Mue  of  t!ie  end  lUYKhicts  of  the  action  of  nuilt  diastase  on 
starch.  It  is  also  the  chief  sngJir  harmed  from  starch  hy  tlic  dijistalic 
fernicnts  cuotaiucil  in  the  .saliwi  and  pancrciiLic  juice.  It  in  au  iiiLcr- 
inediate  ])roduct  in  tlie  acticm  of  sulphuric  acid  on  starcli.  It  crystallises 
with  one  molecule  of  water  of  crystallisation  in  fine  white  needles.  It 
is  easily  solid )le  in  water  and  in  alcohol ;  insoluble  in  ether.  It  is 
dextrorotatory;  hut  its  rotatory  power  decreases  with  concentration 
(relatively)  and  with  rise  of  tem}>erature. 

For  a  20  ])er  cent,  solution  at  15°  C.  (a)^,  =  +  I.'IO®".*^.  The  amount 
of  rotation  is  alxMit  18°  less  for  a  freshly  prepared  solution  tlian  for  one 
which  has  stood  for  some  hours.^ 

'  Sclieibler,  j»ee  Tollen's  *' Ilaudbucli." 

2  Brown,  Morris,  and  Millar  (/Vor.  Chcm.  Soe.,  London,  1896,  p.  244)  give  («)d=  4-138°. 


THE  DISA  ecu  A  R  IDES. 
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M*altf»He  reduces  en|HM?r,  liisuiuth,  tuid  otlit^^r  iiieUillic  salta  in  alkaline 
Kilutious,  but  its  reiliiriii*,^  pnwi'r  aw  iiRvLsured  liy  Ffliliiif^'H  Kdhititm  is 
tljnut  one-lhinl  less  than  that  (if  dextrowe.^  It  does  nf»t  rwluce  l^aifoed'a 
reagent*  as  dextmse  il<*es.  It  fermeiitB  readily  with  yefistu  With 
phenylhydrazine,  ]>ht*nylniaU(»saziJiie  18  formed  (C^^H^^^NiOf,);  this  crystal- 
liaes  in  ycdlow  needles  mueh  liroader  than  those  yielded  by  dextroBe  or 
hct<ase;  it  iiieits  at  20G'  C.  Unlike  idjenyl^fbieosazont^  it  dissolveft 
b  seventy-five  i>art8  of  lx)ilijig  water,  and  is  still  more  Kolnble  in  hot 
Alcohol  (Fig.  2). 


I     aeti 

I  *  Ten  c.c,  of  Feliling  «ohitkiii  wntsptiTiils  to  O'Ort  griiiH.  of  dt'XtUKSi'j  Icviilose,  or  galaetuse, 

^       ftad  to  0  *07 1 96  o f  mill  to!«^, 

'13*3   gnus,  of  cuprie  m-pUki  flrr  dissolviMl  in  200  I'.c.  of  Avati^r;   lo   iKiis  sohiHim, 

t  ^iu  of  «4>etie  at:jd  coDt^iiuiiig  38   jut  rent.  ^\{  biatrial   acetic  acid  aic  adik^l    (Hsirfncd, 

**Or|»»tiic  Annh'flis,'*  p.  *ifi4). 

*  Originally  dt^iicril»<^l  hy  Fisclji?r,  Ber,  d.  f^ruhd*.  rhrm.  fUrxrfMt.,  nciiiu,  lid*  xxiii. 
S.  3687.  Fi?»cher8  DliHcrvations,  wlikdi  Imvc  liceii  callcil  in  i|Ui>ti<m  l«y  soiuf  clicujijits,  Imve 
hfcii  vtty  g^uerally  conlimifd.  hi  his  most  recent  pajwr  on  t\w  sx\h\*'i:t^  if*itL^  1896,  ltd. 
xxvii.  S.  3024,  lie  hIiowh  tlmt  isomoltosc  in  not  dinxtly  rcriiicutaklc  hy  yeast,  and  so  may  lie 
tcparated  from  nialtoHe.  Its  osazono  if*»olul>le  in  fotir  pfutn  «if  Imt  wntir,  while  tiiat  from 
maltoee  req«ire«  *evenly-fiv»^  j*art«. 

*  Kiilz  and  Vogtd,  Zisehr,/,  Biol.,  Uiitidmi,  Hil  xxxi. 


Fl(#,  2.— Cn'stalK  of  pliriiylniaUcis\zn.]jt', 

rs4jnu(lfi^s4^  m  a  Rii^^ar  fiiriued  at  the  sniiie  time  aw  mjdtose  by  the 
aetion  of  either  tlia^tase,  ptyiiliii,  or  amyloiisiu**  on  Htareh.     It  m  also  an 
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in  tlio  formation  of  dextrose  by  laintiral  aeiils  fnim 
ytic  ferinent  in  blorMl  serum,  capable  ot  furitniig, 
b,  acts   aimilarly.^     A    maall   i[mintity    tmwxvn   in 


jT    IS  readily  boUiIjIg  in  water,  ls 
wi  ^1  yeast.      Its  treiieral  cbaraeters 


very    i^weet^  and, 

ferments  slowly  wi  ^i  yeast.      Its  general  ebaraeters  are  like  LbnHe  of 

maltose,  butitB  imv/  me  foniiB  fine  yellow  needles  which  loelt  at  loO"  (J* 

Lactose  or  wUk*  uffar  oecum  oidy  in  milk,  ainl  oeeiifiioniilly  in  t!i0 

first  days  of  lactatic  \  in  the  urine  in  *H[uall  c|iiantitieR^  i 

It  crystallises  in    bonibie  prit^nis,  wbit^t  eontaiu  one  molecule  of  water; 

of  cryBtiiUimitioii  (Fig.  '^l    It  is  Hohihle  in  sijC- 

j)art»  of  eokl,and  twu  iiud  a  half  p^<rtK  nf  bi»t 

water;  it  ia  therefore  lesji  snbilile  tbuii  ilie 

-^'^— n    lias^    nnly  a    fail  it    Hwet*t 

Hfilutions  ore  dextro-rutatory 
les^se)*  and  *fBTTi  for  the 
'.  (S(*hiimger).^  Ita  redneinj^ 
il  by  Feldiuj^V  Bolntinn  it* 
tween  that  of  (bixtrot^e  ami 
one  ia  very  reHistant  tn  thi* 
it  of  yeast»  and  na  \[\niv}%ni}j^ 
rineiitation  very  Klowly.  It 
bir  funj^iis^^  and  of  all  the 
1.1  *e  Jk  ifK'iis\  the  lactic  ticid 
f(*llow :— 


< 


Fig.  3.  — Lactose  cr^'stals.- 
Frey. 

is,  however,  rapidly 
sugars  is  tliat  most 
fermentation  occm's  m 


i\, 


1.  C,JIhJ1„ 


(lin'tit^  acirf)  (liutyrir?  imid) 


Witli  plienylhydrazinr,  ladowe  yields  yrbenyl-lacto^Jix.ijno,  which  readily 
crystallises  in  needles  ( Fi^'  4).  It  i^  yrdnhle  in  eigljty  to  idnety  jKUts 
of  boiling  water.     Its  inelting  \tfnul  is  200°  I', 

Amon^'  tlie  rarer  disnechariilcs  must  be  mcutioued  /rr//(i^w  (frnifi  rrrluiii 
fungi),  and  nwlehiose,  a  saccharose  which  with  J-fructose  (levulose)  is  obtained 
from  ralHnose.  Raffinoae'^  is  an  interesting  sugar  found  in  J^^wroZy^/f^s  7?ian/wi, 
cotton  seeds,  and  barley.  It  is  a  trisaccharide,  consisting  of  a  combination 
of  dextrose,  levulose,  and  galactose. 

The  polysaccharides. — To  this  group  belong  a  large  number  of 
earboliydrates  of  high  molecular  weight,  and  with  the  formula  (CgHi^O^X- 
Tlieir  lunltHular  weights  difier  a  good  deal,  but  have  not  yet  lieen 
deterniiiKMl  (Urectly  l)y  chemical  methods.®  They  are  not  crystalline, 
are  iiuUiVusible,  and,  as  a  rule,  insoluble  in  cold  water.  In  hot  water 
they  ])arLially  dissolve,  forming  opalescent  solutions.     Like  the  proteids, 

'  Ri.liiuaiin,  f'cntriilhl.  f.  ,1.  vied.   U'issot^ch.,  Berlin,  1803,  S.  810. 

-  Lcniaire,  Ztsrhr./.  /'Iii/siof.  Chrni.,  Strassltiirg,  18'.^;.  Bd.  xxi.  S.  412. 

^  The  most  lecciit  olisrrvations  on  laetose  in  the  nrine  of  women  aftei-  ehililhiitli  are  hy 
Lemaire,  ZfsrJir.f.  ]ihifsit>L  C/icni.,  Struss])iirg,  18in>,  15<1.  xxi.  S.  -1 12.  Tavy,  Lanret,  Lomlon, 
1897,  vol.  i.  )..  107o.    Sre  also  Ilofmeister,  Xfsrhr.  f.  jflmsiol.  ('hmi.,  Strassltur^',  Bd.  i.  S.  101. 

•*  .Inn.  d.  rhrta.,  L.ip/is;.  187r».  B.|.  elxxvi.  S.  98." 

■'  Jlrr.  d.  drnfsch.rhrm.  (;,sr//srh.,  Berlin,  1880.  B<1.  xiii.  S.  1922. 

I;  Ten  e.e.  «.f  rehlin^^'s  solution  =0'06334  lactose;  see  footnote  1,  p.  11. 

"  Loiseau,  ('o)nj>t.  mid.  Arad.  d.  »r.^  Paris.  1876,  tr»me  Ixxxii.  )».  1058  ;  Bar.  d.  dtutsrh. 
chrm.  f/rsr/fsrh.,  Berlin,  B<1.  ix.  S.  732  ;    Seheihler,   ibid.,  188r;.  B«l.  xix.  S.  2868. 

^  By  Raonlt's  metliod  of  deterniininfij  the  lowerint;  of  tlie  free/.in;^  point  in  very  «lilntc 
solutions,  Brown  and  Morris  [Jvurn.  Vhcm.  Soc.,  London,  1888,  p.  610),  have  provisionally 
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they  are   precipitated  from  their  solutions  by  saturation  with  certain 
neutral  salt**,  .such  as  ammoniinn  suljihate.^  * 


Ftg.  4.— Orystula  of  plienyMactosazone, 

By  hydi^olysis  they  are  finally  split  u])  iiitn  wiiiiple  suLjar.s :  various 
dextrins  ami  (lisjieeharideH  lieiiig  inteiuu'thuti?  ]nMthicts.  The  dextritis 
&re  of  varinus  kinds,  and  are  thflbnMjtly  iiMiued  l>y  (hllV'reut  ul»,servi'rs. 
The  reaction  cauni^t  He  repreHeuted  hy  equatimiH  with  certainty  an  liujg 
A8  Lhe  nmlecular  weigfUs  of  the  uieudjers  of  the  group  are  unkuowu. 

Brown  and  Morris  suggest  the  following  series,  indifntiai,'  the  succeKHive 
■tcp8  of  the  hydrolysis,  in  the  ease  of  starch  under  thu  infhicnee  uf  diasbitic 
ferments  : — 

(C,H,  A)«  +  H,0  =  {C,H,  A).- >  +  C,,li,J  >n 

(starch)  (flextiin)  (malt^iHu) 

<C«H,„f\)„_,  +  H/J  =  (C,,H,„f),)„.,  +  CpJI,,0„ 
(dextrin)  (dtxtriii)  (maltose) 

(C.H,  A)n-*  +  H-i*^  =  (C.H,„0,)h-„  +  C,  3,,,0, , 

(dextnn)  (doxtriji)  (maltose?) 


_to  dextrin  and  srjlubk  Mtarcli  the  fonnuLe  (C„H|f^0,)i5  and  (0^11^00^.1)30  rr- 
L  The  same  mcthoii  a|iplii»d  to  nstan  li»  Ibmigh  Jiut  so  satisfiir  lord}-,  [unrit^  to  a 
,_ light  of  between  20j000  fliid  30,000  ;  tiint  is,  almut  three  times  grtatir  than  that 
Flllin*h,     Salianejetr,  ili^rn,  Viyntr^-BL,  L*'ip/i;^%  IWl,  S.  10  ;  Jmtt'H.  Ibtsaum  Vkem. 
Bk.^  voL  -xxt.  tj.  515,  by  the  Name  method  a»si*^Ls  to  gly<  ojyrm  ihc  r«iriiinla  (Cflll^  a,0^)|„. 

'  Pohl,  Zfji^iiT.  f,  phijsioL  Chcin.^  Strasshur^,  Hil.  xiv.  .S»  ITjI  ;  Vtjurij:,  '*  Proe.  l*hysi»>L 
i3oc,/'  Feb,  13,  I8i^7»  in  /oum,  Phyttioi.,  Cainbridgcj  and  rjondi>ti,  vol.  xxi. 
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and  so  on,  until  t  we  g^t  to 


and  finally 


trlu)  (dextrin)  (maltoBc) 

(Qt      )5)i  +  H,0  =  C,,H,„0„ 


The  princi])al  iib-grrm])8  nf  the  polysacchariden  are  tfie  starch 
group,  the  gum  i»iip,  aiul  the  eellulu^e  gi'oup.  The  starch  gi-mip 
includes  starch,  in  n,  lichetiin,  funl  glycogeiL  Tfie  i/um  grnup  iijc*lui!e« 
the  dextrins,  the  lant  gums  and  uimrrUgeB,  and  aiiiinal  guuL  The 
cellulose  group  includes  eelhdoHc,  the  heJuicelluluBe!^,  and  tnniein- 

Starch  is  one  nf  t*^^  i^i-»ef  « J j^k.  iiit.ti4i^j^|t^t.(j  nirhohydnites  in  the 

!i  granule^!,  which  cnnwiHt  of 


mi  starch -cellult^we  ;  of  these 
'e  j'ldees.  Erytlirogivtmdcfse, 
|>re8eiit  in   small  quantities 

Ici»h«d,  and  in  ether.  With 
it  BnluLion  or  starcti  paste. 
ig.  On  liydrnlvHiH  it  forms 
*in  or  aTniduliu),  then  other 

"t^h  IK  th<^  Idue  eLinipoutid  it 

rrumnier'Ft    te^st   av   M<M>re*s 

ijie  siiecilie  rntattay   power* 


vegetable  kingdom, 
two  principal  subBtaii 
the  former  only  is  dii 
which  gives  a  red  > 
(Briicke). 

Starch  is  iut^nUd 
hot  water  it  js wells, 
This,  if  concentrates 
first  soluble  stareh  i 
dextrins,  and  finally  i 

The  most  eharaettuna,  r 

forms    with   iodine,^      It   „^,  ^^lv 

test,  nor  does  it  ferment  witii  yeast, 
of  soluble  starch  ff*r  concent  rat  ions  of  25  to  45  per  cent  at  15'-5  C, 

Inidin  is  found  in  the  roots  of  many  cmnpoHiteH,  It  is  usually 
prepared  from  daliUas.  It  m  the  nnly  polysaeeliaride  whiefi  can  he 
obtained  in  a  erystallised  form,  nauiely,  as  sphero-erystals  which 
polarise  light.  It  is  readily  snhible  m  wjinn  water;  by  cnnling  the 
solution  it  is  precipitated.     By  hydrolysis  its  tinal  product  is  levulose.' 

Lickenin  is  a  polysaccharide  occurring  in  Iceland  moss,  and  certain 
algie.  It  is  insoluble  in  cold  water,  soluble  in  hot  water,  gives  a  yellow 
colour  with  iodine,  is  converted  into  glucose  by  hot  dilute  mineral  acids, 
but  is  not  atTected  l)y  saliva  or  pancreatic  juice.* 

Giycoiini. — This  is  a  small  but  constant  constituent  of  protoplasm, 
and  of  animal  tissues  generally.  It  is  found  in  white  blood  corpuscles,^ 
and  in  pus,^  occasionally  in  diabetic  urine,^  but  is  specially  abundant  in 

*  E.  Zander  finds  that  the  iodine  reaction  given  by  polysaccharides  and  by  chitin  varies 
considerably   with   tlie  solvent  used  {Arch,  /.  d.  ges,  Phyitiol,^  Bonn,   1897,   Bd.   Ixvi. 

S.  545). 

'  Brown,  Morris,  and  Millar,  loc.  rit. 

'  Kulz,  "  Beitr.  z.  Path,  des  Diabetes,"  Marburg,  1894,  S.  130.  ;  Worm-Miiller,  Arch, 
f.  d.  (jc^.  Physiol.,  Bonn,  1884,  Hd.  xxxiv.  S.  576  ;  1885,  Hd.  xxxvi.  S.  172  ;  F.  Hofmcister, 
Arch.  f.  crpcr.  Path.  u.  Phannnkol.,  Leipzig,  1889,  lid.  xxv.  S.  240.  On  "  Inulin  as  a 
Precursor  of  Glycogen,"  see  Miura,  Ztschr.  f.  Bwl.,  Munchcn,  Bd.  xxxii. ;  he  obtained 
very  inconstant  results. 

•*  Nilson,  Uftsala  Lcikarcf.  Foi-h.,  vol.  xxviii.,  quoted  by  Haniniarsten,  in  "Physiol. 
Cheni.,"  3rd  Clennan  edition,  S.  67. 

*  Salomon,  JJeutsche  med.  Wchiischr.,  I^?ipzig,  1877,  Nos.  8  and  35  ;  Ccntralhl.  /. 
Physiol.^  Leipzig,  Bd.  vi.  S.  512  ;  Huppert,  CcntraWI.  /.  Physiol. y  Leipzig.  Bd.  vi 
S.  394. 

^  Salomon,  loc.  cii. 

■^  Leube,  Virchoics  Archiv,  Bd.  cxiii.  S.  391. 
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Ever  and  miisele,^  in  embrvniiie  tmBues  generally,^  and  in  the  hodiea  of 
moUuflca^  It  liaB  been  tlescribeil  in  patht logical  gviiwtlis,*  ami  in 
the  v^etable  kingduin  in  many  fungi  ^  (tnifHi's,  imieor,  yeast, 
myxomycetes). 

It  may  Ije  dissolvefl  out  with  kjiling  water  (Briicke),*'  2  per  cent, 
pota&h  (Kiilz)/  or  by  trielil(*racetic  acid,*^  froin  tlie  tissues  in  which  it 
oecurs.  The  extraction  with  this  acid  iw,  however,  incDinplete,  lunl  the 
prtxhict  is  impure.®  Huizinga^**  rw-niiiuiontls  that  glycngen  Hhraild  he 
estract^l  from  the  liver  hy  a  mixture  ot"  equal  parta  uf  saturated 
flolution  of  mertnn^c  chluride,  aial  Eshaeh*s  reagent  (10  grnis.  of  picric 
&Dd  20  of  citric  acid  in  u  litre  uf  winter).  From  tliis  solutitm, 
which  is  proteiti  free,  glycugen  i^  pret^ipitaldt^  by  alculKjl 

The  pure  materia)  i.sii  w!iite  tanteleHB  powder,  soluble  iu  water,  finiuiug 
A  stnmgly  u|ialescent  snlution.  It  in  insf^lublc  in  alroliol  and  in  ether. 
It  i»  strongly  dcxirnrotatory :  ^^  (a)^  -  +  IfHi'^O^i.  Witli  Trommer*s  test 
it  gives  a  Idne  solution,  lait  no  reduction  oeenrH  on  boihng. 

With  it»dine  it  gives  a  port-wine  red  culijur,  whicli  eanily  distiii- 
guishes  it  from  starek  Its  jirecipitability  Ijy  basic  lead  acetate  cHs- 
tinguisheii  it  from  dextrin. 

Prulonged  lioiling  with  water  or  lioiling  with  dihite  iniiu'ral  acids 
eonverts  it  into  sugar.     Tlie  diastatic  ferments  a(  t  .sinularly. 

Max  Cremer  ^'-  iovestigated  the  action  of  dihitt:  at^ids  on  glycogen  ;  he 
found  glucjjHe  and  isoraaltose  (identiHt^-d  hy  their  osazone.'^)^  but  no  msdtoso. 
Kiilz  and  Yogel  *^  investigated  the  action  of  diastatic  fprnicnts ;  parotid  saliva 
produced  isfanalt^se  and  maltose  in  the  proportion  of  1  tii  2  froai  Hvor-glyeogcn, 
tnd  isoraaltose  with  small  amounts  of  maltose  and  dextrose  from  muacle- 
giycogen  ;  p^inereatic  juice  and  malt  diiu^tasc  produced  practically  t]je  name 
reeult     The  ferment  in  the  liver  whieh  acts  on  glycogen  produces  th^jirone. 

The  physiological  relationships  of  glycogen  will  he  treated  elsewhere. 
There  is  much  controversy  on  the  subject  of  the  origin  and  fate  of  glyiMtgen. 
There  is,  however,  little  doubt  that  it  is  chiefly  a  storage  product  from  the 
carbohydriitei*  of  the  food/"*  and  that  after  death  it  is  transformed  into  dextrose  ; 
tJie  principal  controversies  of  recent  years  have  centred  round  the  rjuestion 
whether  glycogen  normally  leaves  the  liver  in  the  hepatic  blood  as  sugar  (as 

*  Claiidf}  BernarJ,  Cf/m^f.  irwi.  AemL  tL  *\,  Paris,  ISrJ,  Umny  xliv,  pp.  Tm^  niitt  V'\25  \ 
ilriiL  pp.  77,  683,  7*53  and  734;  Hcnst'ii,  Virehnv*»  Jtrhiv,  1S57.  Bii.  xi.  S.  3Hfj  ;  O. 
Kane,  Arch./,  d,  iffs.  Phyxiol.,  Bonn,  IftGl*,  Hil.  ii,  S.  97. 

'  Claud©  EJemarrl,  *' Physiologic  exiKr./'  iS^fp,  tomi-  i.  y.  241  ;  iv^  |i.  \\\  Sulmnon, 
Cmimlbl,  /  if.  m&L  JVissetisch.,  llwlin,  1874,  S.  738  ;  Muriggta,  ibid.,  1875,  S.  180  ;  v. 
Wittich,  HemiaiiTi'M  *'  Haiirlhuch/'  1883. 

*  Birio,  Zt-»ekr,/.  Chr.m.,  IjcipKig,  186fi,  S.  22*2  ;  Bernarrl,  '*l>mns  snr  len  jJit'noTn^nes 
de  1*  vie/*  1879,  tome  it.  ;  Kmkcnljerg,   '*  Vergl.  pliyisiiil.  vStmlit'ii,"  1S80,  n<l.  li.  S.  52. 

*  KUhne,  Virchinvs  Archie^  BiL  xxxii.  S.  fi^tJ ;  .SutnitschDw.'tki,  Ktichr,  /,  jthtf-^ioL 
Ck*m.,  8traaa!>urg,  1880.  lid.  iv.  S.  220. 

*  Kiiline,  "  Lehrbudi  der  physiol  Chem.,"  1868,  S.  334;  Relake  ami  RtHlL^waltl, 
**StUfJieii  ueWr  da*  ProtopUwHtna,'*  Ik-rlin,  1^81,  S>  3^,  51,  and  WJ  ;  Errera,  Bull.  Amd. 

^*  'n/rf.  deBclq.,  Bmxellf^,  M.  iv,  S.  4ril, 

-ttn^$b,  d,  iv  Alad.  d.  irisfntmL,  Wien,  187  b  1^1.  Ixiri.  S.  214, 
hr,/,  Biol.,  Miinoheu,  1886.  liiL  iv.  S.  191. 
jkcl,  Arch,/,  d.  qcs.  PhusioL,  Bonn,  P*dc.  lii.  S.  125  ;  Iv.  S,  378. 
ilcDbaum,  ibid.,  Biic,  liv,  8,  31&  ;  Iv.  S.  380. 
L/.  d.  ges.  PhysinLt  Bonn,  Bd.  hi. 
"•%  Zlffchr. /,  physiot.  Chcm.,  Slra^sburg,  Ud.  xviii.  S.  137. 

*"  Biol.,  Htiiichen,  189J,  Bti.  xxxl  S/LSi.  "  Jbid,,  S.  108. 

^  to  Voit  and  Ids  miiiils  {ZUchr.f.  BioL,  MiinLlicii,  Bd.  xxviii.  S.  245),  tlie 
^  ^'cogeii  only  from  clextros«  and  l*3vulusc^  or  from  those  mrlx) hydra tt^ji  whieh 
into  tlitsse  siigars  before  they  reach  th«  liver. 
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ght),  Of  is  employed  in  tlie  synthesia  of  fat  and  proteid- 


Bernard  originaL 
(as  Pavy  holds). 

Dextrin  is  the  i  uiie  given  to  a  luuulNn'  of  iiitenneitiate  Bubi^taiiceR 

formed  durin^.^   tht*  [lydrolyBis  of   Rtarcli ;    the   jjriiicipal   Viarieties  are 

erythrodextriii,  wlii^  i  gives  a  red  Diluur  witli  iKtHiie;  aeliintidQxtrin,  wIhc^Ii 

does  not ;  and  nial.  Hlextriii,  which  1ms  a  lower  iiudecular  wcitfht  than 

these.^     The  dt^xtri  s  are  dextrorotatJiry  (maltodtixtrin  has  au  { a)j,  =  +  ] 

174°'5).     They  are  jluhle  in  water,  and  in^fjluhle  in  alcrdiol  ami  ethtT. 

They  give  a  blue  a  ation  witfi  Troininer'.^  test,  but  lui  rtHjurtiuii  nccura 
on  boiling. 

Animal  guid  was  discovered  by  Landwelir,-  and  rej^emblcs  itchroodcxtrin 
and  glycogen  in  souir  of  its  uroijerties.      It  iii  a  d ecom posit iau  jirodut't  of 


mucin.  Whea  Iwilt^d 
unfermentable  sugar.  , 
precipitates  with  copper 

Aninial   dexfran   v 
lanugirwsa,  a  galbprotli 

Vegetable  fjnhfs  ar 
wood  gum,  etc. ,  which 


acid  it  yields  a  reilucing  but 
fgi'table  gutUH,  i^nvi^s  gelaLimi^s 

K^«rott)d    !))■     tlm    St'hkanrura 

eh  atibstanr^oa  ojs  ^^um  arable, 
Diogieal  ink^rtJHU 

:>f  earlMiliy'lratert  which  form 
lis.  In  nlil  cidln,  where  it 
The  celluhwes  are  ju^olnble 
d  dilatr*  aeids  and  alkaUcK, 
iweitxerB  reageut  (a  sobitani 


Cell i( lose  is  iXm  im 
the  chief   coiistitaeii 
becomes  very  iiisululr 
in  cold  and  littt  wate 
A  specific  reagi^ni  for  dissoi 
of  cupric  hydrrite  in  annnoniai. 

With  iodiiK/  antl  concentrated  Rulpbnrie  acid  they  are  turned  blue ; 
with  nitric  aciil  they  yield  nitroso-coinpruuuls  of  an  explosive  nature. 
Prolonged  trceitment  with  slron^i^  mineral  ac  ids  leads  to  tbo  formatirai  of 
sugars;  in  some  crises  glucose,  in  others  maunose,  ib  formed.  Seludze*^ 
mannoso-celliilntse,^  found  in  eoflbe  and  other  seeds*  is  imt  a  hemieelht- 
lose  (see  next  ]ijira|ri'aph).  The  tti-llidf>se.s  nrv  unt  nctetl  upon  by  the 
digestive  fernM*utH  proper:  but  they  may  ho  broken  up  in  the  intcstiuo 
by  bacteria  inh)  earbonic  acid  and  methsrne. 

Hemicclhiloses  are  those  varieties  of  cellulose  which  differ  from  the  others 
by  yielding  monosaccharides  by  treatment  with  dilute  mineral  acids.  The 
hemicoUulose  of  yellow  lupins  yields  galactose  and  arabinose ;  that  of  rye  and 
wheat,  aral)inose  and  xylose ;  that  of  certain  nuts,  mannose.^ 

Tnnirin  is  animal  cellulose.  It  is  the  chief  constituent  of  the  test  or  outer 
investment  of  the  tunicates.^ 

Cellulose  has  also  been  found  in  the  animal  kingdom  in  the  skin  of  the 
silkworm,''  and  in  the  zoocytium  of  Ophrydium  versatile.^ 

Inosite. — Inosite  is  a  substance  found  in  muscle  and  other  animal 
tissues,  and   in   many  vegetables  also.     Its  crystalline  form  is  shown 

^  Recent  |>a]»ers  on  dextrin  will  be  found  in  Bcr.  d.  ih'ufsch.  chcm.  Gesrlisch.,  Berlin. 
Bde.  xxiii.  S.  :'.OtiO  ;  xxvi.  S.  2930  (by  Seheibler  ami  Mittehneier),  and  Bd.  xxvi.  S.' 
2533  (by  Leubnrrand  DoU). 

-'  Zlschr.  f.  physiol.  Cfurn.,  Strassl>nrp:,  Bd.  viii.  S.  119,  124. 

^  Lieberniann,  Arclt.f.  d.  <n's.  I'hyaiol.,  Bonn,  Bd.  xl.  8.  4r»4. 

■*  Zlschr.  f.  pJiysioi.  ('hrtn.,  Strassbnrg,  Bd.  xvi. 

^  See  Sohulze,  /oc.  cit.  ;  and  Reiss,  Bcr.  d.  deutsch.  chem.  Or-'irJlsch.,  l^erlin,  Bd.  xxii. 

•^  Seliafer,  Ann.  d.  Chcjn.,  Leipzig,  Bd.  cox.  S.  312  ;  r.ertlielot,  Ann.  de  chim.,  Paris, 
Sc^r.  3,  tome  ivi.  p.  1.'.3. 

^  l)e  Lucoa,  Compl.  rend.  Acad.  d.  sc,  Paris,  tonic  Hi.  p.  102  ;  ivii.  )>.  43. 

^  Halliburton,  Quart.  Jcnirn.  Micr.  Sc,  London,  July  1885. 
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ly 


in  Fig.  5.      For  many  year«  it  was  i'egiini*!(l  as  a  carbohyrlnite,  thmt^h  an 

exceptional  ona     It  is  sweet  to  the  taste,  but  it  gives  none  of  the 

characteriBtic  reactions  of  su^ar.     Ah  the  chemical  constitution  of  tlie 

sugars  was  revealed,  it  Tiecauie  more  and  more  evident  that  inosite  is 

not   a  sugar.     Its  cnnstitutirtn   was 

worked  out   by  JMaqnentie^    from  a 

study    of    its  nitro-aubstitution  and 

other  pr(Klucts.     It   belongs  to  the 

Bubstaucifs    which    have    a     closed 

earbon  chain,  and  its  graphic  formula 

may  tie  w  ritten  thus : — 

CHOH 

/ 


CHOH 


CHOHl 


CHOH 


CHOH 


CHOH 


Flu.  5.— niositi'  try?? tain,— Alter  Frt-y. 


The  Fats. 

Fat  is  found  in  most  f»f  tlie  animal  tissues.    Tlie  fiillowinp  table  from 
Gorup-Besanez  gives  the  |iereentiige  in  the  oigans  and  Ihiiils  i>f  the  body: — 


Sweat    . 

0-001 

Vitreous  humour    , 

0  002 

Saliva    . 

0-02 

Lymph  . 

0-05 

Synovia 

0-06 

I^iiquor  amnii 

ooe 

Chyle    . 

0-2 

Mucus  , 

0-3 

Blood    . 

0'4 

Bile       . 

V4 

Milk      ,         .         . 

4-3 

Cartilat,^c 

Cry  stall  iTUi  lens 
Liver  . 
MusclcH 
Hair     . 
llniin   . 

Nerves 

Adipose  tissue 
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The  fats  are  usually  extracted  fn^ni  the  finely  divulnl  tissup  by 
means  of  ether  in  a  Soxhlet's  ap|>aratus,  but  in  the  case  of  many  organs 
the  extraction  is  incom]dete.  Dormeyer  therefore  rec(»nimends  that 
the  tissue  should  be  sid»jeeted  tfi  artificial  gastric  digewtit^m  Ijefni'e  the 
extraction  w^ith  ether;-  when  this  was  done,  liesh  was  found  to  yield  an 
idditional  075  per  cent  of  fat. 

The  fats  are  comixjioids  nf  fatty  acids  with  glycerin,  and  arc  termed 
^ycerides  or  glyceric  ether.*.  The  fatty  acids  form  a  series  of  aeida  derived 
from  the  monatomic  alcohols  by  oxidation  ;  thus^ 

From  methyl  alc^ihol  (CH.,I1(>}  fonaie  acid  (ILCt  K>H)  i^  nlj twined. 

thyl  alcohol  (G.H  HO)  acetic  acid  (Cli^Ct  )0I1)  is  obtiiiried,  and  so  on. 

'miL  AauL  d,  k.,  Paria,  1887,  tome  civ.  pp.  225,  297,  17IP,  1863,     For  cokmr 
««ite»  Mje  Scherer^  ytnn.  (L  Chun.,  Lcip^.i;^,  1852,  lifl.  Ixxxi.  8*  375  ;  Caul* tin, 
Thetiu,  Wiealmdcn,  18U3,  B<i.  iv.  S.  201  ;  ScMel^  JJcr,  d,  dtutsfh.  dam. 
,  18S7,  M.  XX.  S.  320. 

^jt.  Fhysiol,,  Bonn.  1895,  Bd.  Ixi.  f?.  341  :  1SI*«,  IM.  Ixv.  S.  flO  ;  F.  H, 
h  Ixv.  S,  29B  ;  1S£>7,  Ixxii.  3,  Hii)  Im  used  the  saiu*2  methcHl  for  tbe 
at  of  bloodj  and  iiutueroua  urgaiis. 
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Or,  ill  geneml  tui   m — 

From   the  alcoho     with    farmula    QJi^ 
Cn.^H^ii^i-CO.Oli  is  obtained.      Tlie  Bixttonth  term  of  thLs  ^^tws  has  the 
fonnuk  Ci^Hju.CO.O  I,  and  is  calkni  palmitic  a^rV/ ;  the  eighti*eiith  Ijas  tho 
formula  Cj;^H,^,j,G0.Uj1,  and  is  called  iitarie  acifi.     Each  aeid,  a.<  will  be  seen, 
consists  of  a  rail i do,  ( *n  iH^i,  jCO,  ufiitcil  to  hydroxyl  (HO). 

Oleic  tu'itfj  howevi  r,  isi  not  ;\  member  of  this*  series,  but  bi^longs  to  a  8ome* 
what  similar  series  of  uclda  kntiwn  us  ibe  aeryUc  serie?^,^  of  which  the  geneml 
formula  h  C„.^fl^,fl  ]00H.  It  is  the  eighteenth  term  of  the  series,  and 
its  formula  is  C^^H^j^J  'O.CJU. 

Ohjrprin  or  fjlffCBr  >l  is  a  triatnmic  alcohol,  C3H,,(OH);5 — i.e.  tliree  abjms  of 
hydroxy  1  united  t^j  a  ra<liclo  glyceryl  (CJI^J* 

Tlie  hydrogen  in  the  hydroxy  I  atoms  is  reiilaeeiible  by  other  organic  radicles. 
As  an  cxa tuple,  take  the  called  anetyl  (011,^.0(7).     The 

following  formula  repreF  t  cfin  be  obudned  by  replacing 

one,  two,  or  all  three  by  in  this  way  ;— 


fOH 
^311,   OH 

[oh 

(glycmii) 


C3H, 
1 


H3.CO 

n^.co 


|0.CH,,CO 

C-jH,Jo.ch;,,co 

(iriftf^din) 


The  cuntfiitH  of  tl  \m\\^  in  man  aro  fluid  duriiif* 

lift\  the  nnnunl  IkhIj  ,.»^her  tinm  the  melting  ]Hdut 

of  the  mixture  of  fntH  vn\  ml  tfiis   Ls  nut    tho   ciise   in   all 

(even  wanu-ldooded)  aiiiiubic.,  .  tui  ujcitK  nt  about  45'"  C,  and 

mutton  fat  at  a  still  highiT  tL*nipeiatnre.  Huuiau  fat  consists  of 
the  three  glycericles— iialmitiii,  stearin,  and  olein.  They  diit'er  in 
chemical  conijiosition,  melting  point,  ami  sidiibilitit!^.  Oltun  melts  lit 
-5''(l,palmitiii  at  45"  C,  and  sLi*arin  at  5:1"  to  Oti  C.  It  i^  tbuB  okun 
which  hulds  the  other  two  diwyulved  at  the  bfnly  temperature.  All  are 
f^olubk  in  liot  alcoh*d,  ether,  and  ehloiorVvrm,  but  ins<duide  in  water. 

Tlie  ]>roport!on  in  which  lUrm  fats  are  mixed  diflers  in  different 
animals;  in  enld-blooded  animala  rdein  in  much  umre  abundant  than  in 
warm-blooded  animab.  Human  fat  eontninn  from  07  tu  80  per  cent, 
of  olein.  Mixed  with  these  neutral  fats,  there  is  generally  a  small 
amount  of  freir  fatty  acids. 

Fats  are  also  found  in  the  vegetahle  kingdom,  espeeially  in  seeds  and 
fruits,  but  in  many  cases  in  the  roots  also. 

Stearin,  iialmitui,  and  olein  ought  more  properly  to  Imj  called  tristeann, 
tripalmitin,  and  triolein  respectively,  Each  coiisistH  of  glycerin,  in  which  the 
three  atoms  of  hydrogen  in  the  hyilroxylf^  are  rc[>hiced  by  radicle^=>  of  the  fatty 
acid.     Tins  i;^  represented  in  the  following  fornmke  :^ 


Acid. 


Radicle. 


Pahniticacid  C,  JI.i.COOII  Pahiiitvl  C, ,113, .CO 
Stearic  acid  .  C\-H3,.C001I  1  Stoaryf .  C^lHa^.CO 
Oleicacid       .  C,1H33.C00H  i  Oleyl     .  C,1H33.C0 


Fat. 


Palinitin  C3H, (00,5113, .CO), 
Stearin  .  C3H!,(0C,.H35.C0)3 
Olein       .  C3H,(0C,;H33.C0)3 


^  Acrylic  acid  itself  (CgH^Oj)  is  obtained  by  tho  oxidation  of  acrolein  (CgH^O),  the 
aldehyde  of  allyl  alcohol. 
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Under  tlie  iiitlueiice  of  KujiiTtieated  steain,  mineral  aeidn,  and  in  the 
luxlj  by  means  uf  certain  ferments  (fur  int^tanee,  the  fat-siililiing 
ferment  of  tlie  [ninereiitic  juice),  u  fat  eondnnes  witli  water  ami  s]dits 
into  glycerin  and  the  fatty  aeid.  The  following  equation  rcju'esents 
what  ix-curs  in  a  fat,  talking  tripuhnitin  as  an  example: — 

(jKilriiitiiJ — a  fat)  {glycerin)         ([saluntic  aeid  —a 

fatty  acit]) 

SaponijirftfioH. — In  the  ]iroeCHs  of  sa]K*HiKeation  much  the  same  sort 
of  reaetinn  m/curw,  the  final  pnnhirts  hein^  i^dyecrin  and  a  compound  of 
the  Ywkse  with  the  fatty  acid,  wfiieh  in  called  a  soap. 

8u|4H>He,  for  inst^ince,  that  ]ioUtHsiinn  hydrate  iB  used,  we  ;j;et — 

LVH,(<  M:\,ir,^(:'<  )),+:^Kiin  =  r,H,(  oji),+:ic:\jf„C().OK 

(fiahuLtit] — a  fat(  (gly^^'mn)  (|KitJi-sHiuiii  p.ilniittite 

To  8e|»arate  the  neutral  fsits  from  oni*  another,  tficy  have  always  tu  he 
^jMini fiet I ;  this  cm  l»e  nccomplisiicd  hy  potassium  hydrate,  ta-  still 
letter  liy  sodium  alcidiolate  (Jvosscl,  nhcrnndler,  and  KriigerV  On 
evaiioration  of  thr*  alcohol,  the  8oaps  are  tlisscdved  in  water,  and  ])re- 
dpitate<l  hy  sugar  of  lead:  the  lead  crimjKHind  nf  n]vw  aeid  is  sf^luhle  in 
ether;  the  remaining  soaps  are  treated  with  s^nhi  nn  the  water  Inith, 
dried,  cHsnidved  in  ah'nh«d,  and  Hcj>aratof|  hy  fraetinual  ])reei|>itation  with 
liuriuni  acetate  or  I>ariimi  chloride. 

Ill  the  deeoniposition  of  fat,  projiifuiie,  acetic,  anfl  formic  acids  may 
be  fomuh  w^hich  are  absent  from  the  fat  in  the  fresh  eomlition.  This 
occurs  when  the  fat  heeonies  rancid,  and  is  alsn  pnxluced  hy  piitre- 
bctive  organisms  in  the  idimentary  eanaL  Tlie  pBtcess  is  one  <rf 
oxidation,  and  the  way  in  wfdeh  lower  terms  ul  tlje  series  are  produced 
may  te  ilhistratetl  hy  the  following  equations  : — 

CjH,Oj+)  ),=CH,0,+lM  ),+H,t  I. 

(acetic  ut'id)         (furniit'  iieid) 

2CH,O,+<V2C0,+  :21I/). 

(roniiio  acid) 

£nuthijim^iOH. — Another  change  that  fats  undergo  in  tlie  hiMly  is  very 
different  from  ftapmiitication.  It  is  a  physical  rather  than  a  ehendeal 
cliange;  the  fat  is  hroken  np  into  very  small  glnhules,  .such  as  is  seen  in 
the  natural  emulsion — milk. 

The  fats  of  jnilk  resendde  in  a  general  way  thoKC  of  adi|M>se  tissne, 
hut  tliere  is  a  cunsiderahle  adndxture  of  glvcerides  ]n\ver  in  the  series 
(see  "  Milk  "). 

'■^■^  'ats  of  7t}arnm^  are  also  like  those  of  adipose  ti,sFUL\  As  w  ill  he 
n  the  table  on  p,  17,  bone  marrow  is  the  tissue  which  is  richest 

'^escribed  a  new  fatty  ariil  in  the  marrow  of  ox-bone  which  he 
ic  acid,  but  this  was  shown  liy  Molir-^  to  be  only  stearic  acid. 

Hi|x>r.s  in  voU,  3tiv,,  XV.,  and  xvi.  n^  ZUehr.f.  phtjsuH.  Chan.,  Strassburg. 
mikt.  rhartnakol.,  M.  ix.  S.  330, 
tiW.  Ch4^m.,  Strassbtirg,  1890,  Bd,  xiv,  S.  330, 
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Mohr  gives  the  p  rLion  of  the  acids  in  rafirrow  fat  as — pihuitic  acul,  22  ; 
stearic  acid,  10;  t        ileit:  acid,  63  ]>er  cent 

Among  the  cxc    >tional  forms  of  fab  sire  the  folluwing:^ — 

Spermaceti,  olitu  leil  frnm  the  Bperiii  wlijile.  Th'm  ffit  set^  iiitn  a  solids 
white  crystalline  nu  is,  mdtfjig  at  from  Htr  to  50  1 X  I  in  chief  coiistittient 
is  the  palmitatt!  of  i  tyl  ^deohol,  or  ethal  ((^^jH^ar)!!).  Thisuluohol  m  the 
one  from  which  pal  litic  aeid  is  deriveil  in  the  bo  me  way  as  acetic  acid 
is  derived  from  ell  1  alcnhoL  Spermaceti  contaiiiH  alKo  j^simill  (|unTiti- 
ties  of  compounds  nf  lauiiislici  mjTistic,  and  stearic  aeidw,  with  the 
radicles  of  the  aL  iholw  lethal  (l',jH.jm),  inethal  (C^^HjijiJH),  and 
stethal  (Ci.Hg^OH). 

Bccmvax  contains  three  chief  exinstituenta : — 

(1)  Myricin;  thin"  -     -     -  ",ut.iit:  it  m  il*C'  palmiUite  of 

myricyl  alcohol  (CgoHf  ((  'b-Hm*  *:)  \  »ti^'  (**)  *-'ernlein, 

which  is  prohahly  a  ii  baiieeH. 

Chinese  wax  is  ch  *^>tupoimd  t^f  eeroLvl  alcohol 

(C„H,,OH).i 

Adipocerc  is  the  :  lubf^tniire  wliirlt  replaces  the 

muscular  tissue  in  ip  mn\,  uv  which  liave  heen 

allowed  to  remain  hi  r  de^itlu     Tt  coiisiHts  eliietly 

of  the  calcium  soaps  ie  aekls,  and  in  nnuje  cascM  of 

acid  ammonium  soap  ^  eoimiilured  that  the  cliaiige 

is  the  result  of  a  ferifi 

LiPOCHUOMEB,    ^^..xiiIN,   ClIOLlvSTEUlN. 

Lipochromes. — ThiH  name  m  given  to  the  pigments  which  occur  in 
fat  and  fatty  tissues.  They  are  moatly  rellnw  or  ye]lowi*sh  reel  Tlicy 
include  the  ])igment  ut'  the  hliHid  serum  (surum  lutein)  and  of  the  corpus 
luteum  ;  the  chromo]jhanes  or  colnurerL  oil  glnhidcM  nf  the  retinal  cones; 
the  yellowish  pigment  in  liutier,  adipuHo  tiHHue,  anil  egt^-yolk;  t^3tr<aiery- 
thrin,  a  reddish  pigment,  fnand  in  many  invertehratCH ;  ami  several 
ve.L(etal)le  ])i^nuent8,  su^vh  an  earrotin,  wliieh  is  h>uud  in  narmts  and 
tomatoes.  The  lipuchnajxei^  have  been  separaLcii  hy  their  various 
snlul)ilities  after  saptmifieatitai ;  they  give  variou*?  colour  reactirvns,  such 
as  a  greeuisli-blue  colour  with  iodine  and  8uliihuric  aei<b  and  a  gi'cen 
colour  witli  nitric  aci*l ;  they  sliow  ahsur  pt  ion -hand  ^^  toward?^  the 
violet  end  of  tlie  spectnuu,  and  especially  in  tJa*  region  of  the  V  line. 

Notliing  is  known  ahout  their  cliemical  eonj^t.ilutii>n  ;  cirrrolin,  which 
has  been  examined  more  fully  than  the  others,  has  been  assigned  the 
formula  C^Ji.J)  by  Huaemann,  and  C^H^  by  Arnaud,^ 

*  On  tlu'so  rarer  forms  fff  Hit  riiirl  whNj^ll*  Liybenmmiij  /^cr,  fL  t^rtftiiit,  r^em,  G'tv^/i^^A., 
\k'\Vni,  18S5,  H(l.  xviii.  8.  1975. 

-  <)ii,iiii,  Mo/.-C/iir.  Traus.,  Lonrloi),  18r»0,  ]>.  Ill  ;  Vircliow,  VcrhandL  d.  phys.-vud. 
(r'csr//scli.  in  jyih'ihurij,  IM.  iii.  ;  Wcthdiill,  Jouvti.  f.  jmdf.  Chrin.,  Leipzig,  Iki.  Ixviii.  S. 
2G  :   K.  H.  Lehnianii,  CnUntlbl.  f.  Atjric.  (Jlinn.,  Leipzif^',  1889,  S.  66. 

^  '■  riiysiol.  ('liein.,'\Strassl)urg,  8.  119.  According  to  .some  authors,  its  formation  is 
l>roiiglit  aljout  bv  micro-organisms  (Jaco1>stlial,  Arch.  f.  d.  <frs.  P/u/sioL,  Bonn,  1893,  Ikl. 
liv.  S.  499. 

■*  Tiie  jirincipal  ]>aj>ers  on  lipocliromcs  are  the  following  : — On  lutein — Thudiehum, 
Ccntvalhl.  f.  d.  vu'd.  li'issnisch.,  Berlin,  1869,  15d.  vii.  S.  1.  On  colour  r«.'aetions  o(" 
luteins —TluKliclium,  /or.  n't.;  Piccolo  and  Lichen,  O'tVrr.  dx  .sv*.  nut.  ed.  ccon.,  Palermo, 
vol.  ii.  p.  2r»8  ;  ( 'a[irarnica,  Arch.  /.  Phi/sio/.,  Leipzig,  1877,  S.  283.;  Schwalhe, 
"llandh.  (1.  ges.  Augenheilkunde,"  Leipzig,  1874,  IM.  i.  S.  414.  On  diromophanes 
— Kiihne  and  Ayrcs,  Joum.  Physiol.,  Camhridgc  and  London,  1878,  vol.  i. 
p.    109  ;    Unlcvsuch.    a.    d.    j^^V^iol.    Inst.    d.    Univ.    UcidclOerr/,    Bd.    i.    Heft  4.      On 
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Lecithin  is  a  complex  fat  of  wide  JistribtitioTh  It  is  a  constant 
constituent  of  protoplasm,  ami  is  fomul  both  in  the  animal  iind 
ves!*?tal>le  *  wmM.  In  the  aiumul  tisauea,  it  ia  found  principally  in 
the  brain  and  nervonn  tismies,  where  it  is  jirobahly  a  decoH] position 
pnnhict  of  a  more  complex  Btibstaiice  originally  chilled  ]>rntagon  by 
liebreich-  (see  section  un  *' ('hemistry  of  N^ervons  Tissues");  in  yolk 
wf  ^gg;^  t'l'iid  in  Ijluoil  ctn*pnsclea,*  Ivecithin  ia  found  in  all  organs 
earajKjseil  of  cells,  and  also  in  certain  secretions,  namely,  semen,  bile, 
KoA  milk. 

Ijecithin  is  a  yellowiMb  white,  waxy,  hygroscopic  solid,  soluble  in 
ether  and  in  alcohol :  it  swells  and  forms  a  kind  of  cmuLsion  wilb 
water.  When  ignited  it  burns  and  teaves  a  reHiilue  uf  mctaplHis])boric 
acid  Its  mast  important  comfHiinids  are  those  of  its  hydrocldoride 
with  platinum  chloride  (t_\^Hyt,Nl*<)yUl).+?L(JL,  artd  with  cadmium 
cliloride  which  has  a  corresponding  formula,^ 

Montgomery^  slmwed  that  when  water,  glycerin,  and  other  reagents 
were  aiMeil  on  a  micrijseopie  .slide  to  impure  lecithin  (lu*  protagon,  as  he 
tarmetl  it),  prepare4l  from  egg-y«dk,  Hiiake-like  furms  shout  out,  bending 
and  curling  and  even  sinudating  nerve  filires  or  nerve  cells.  On 
oualing  a  siJution  of  lecithin  in  alcohol,  it  SL^i»arates  out  in  crystal- 
line eUmips,  Un  deeomposition  \\j  alkalis,  it  yields  glycero-i)hosj>horie 
acid,  a  fatty  acid,  and  an  alkaloid  clioline. 

Choline  is  an  ammonimn  base,  and  has  the  followinj^'  constitution  :— 

[oh  J 

It  is  therefure  trimethyl-oxyethyl-anuuoniuni  hydroxide;  its  name 
is  derivetl  from  tlie  fact  that  it  was  first  se]iaratctl  from  tlie  leeitlun  f>f 
the    bile.     Its   synthesis  was    accomplished  by  Wurtz^  from    ethylene 

tetromcjytbrin— Wunw,  Ztschr,  I  wissfiixch,  ZonL^  Lnpzi^,  ISTl*  HrL  xxxi.  S.  r>:jri  : 
Mcr^kowski,  Compt.  rend.  AciaL  d.  sc,,  Paris  ISSI,  tom»'  x<"iii,  \y.  1021*;  MmMiini],  /Vor, 


Phil.  S(H\,  vol.  iii.  i>,  Mil  :  Pn^,  liotj.  Sor.  LmuiuH.  issa,  No.  22'!,  \k  17; 
HaHtbfirtoi),  Jffurn.  Plif0ioi.,CMii\tvidffi'  Jiud  Iniuuilun,  liiS-l,  Vul.  vi.  |«.  :>i4  ;  Knikinlicrj^s 
rVwlm/y.  /.  d,  vufi.  WUsrHnch.,  Uirliii,  1879,  HrL  ix,  S,  70r».  Oti  miiuh  lutfiri— 
KntkenlM^rgr  SitzuvtjttifK  fi.  JrnaiMh.  UiJ<(iht'h,f.  M*ff.  tf,  JVftfunt.,  ISHTj;  1 1  all  il  hi  r  tnii,  */o«rre; 
Pktftiol,^  CAUibridgn^  (iiid  LoikIou,  1885,  vol.  vii.  p.  324*  Ojk  sa[MH»irtt'jitioii  of  l]|H»ri ironies 
— Kiihtie,  loc,  eit.  ;  Mftly.  M^m^flMh.  (L  Hian.,  W1eii,  ISSl,  IM.  iu  S.  'X*l  ;  Bitii,  Jkr.  tl. 
daOm^  eheuu  (Jt^^UscJi.,  Berlin,  1890,  15^1.  xxiii.  S.  KOI,  On  iarrolJiJ— Himmm^uiu,  Jnn.  tl. 
«I«]M*,  Leimi^,  \V\.  vxvii.  S.  200;  Arniunl,  Vmupt.  rcwL  At'tvL  tf.  /.c.  \\n\^,  ttnim  rii. 
fL  nd  ;  oiv.  1293,  Nfwlnggin,  **0n  Cmstaceaiti  Pigtmnts/' ./(nm<.  I'hfjsioLt  t'aniliri<lgo 
Afld  Lotiilon,  1897,  vol.  xxL  pi.  237. 

*  On   the   stibje(.'t   of  kcitbin   ttml   eliolinf*   in    vogotabb   iiils,    f\v.,    sci^    Heekel   ami 

Selilai^eDhAtltfcii,  Compt.  rani,  Acxt/L  d,  ftr.^  Paris,  toiin'  fin.  fi.  188  ;  .laeirhson,  Zlschf.  f, 

pkmd,  num.,  StraAsbnr^,  Bd.  xxiii.  S.  ^3  ;  Srlmlze,  Had,,  B<b%  xi.  S.  'M\',  ;  xji.  S.  441  ; 

IT1L8,  204  ;  J.  Stoklaaa,  Jff  r.  d.  dtnkv^h.  vh€itt.  f!^\Hhrh.,  Bsrliu,  \^9i>,  B*l.  xxix.  8.  *27H1. 

^  Ann.  d,  Cftoiu,  Ij^iiai^,  ikl.  cxxxiv,  S.  2!:k 

Jovnx.    flf  fthnrm.   ef  ckim.^    raiis,    tomes   xi,,    xii..    xvii.,    xviii,  ;   Parke, 

r's  '^Metl.  Chetn.  Untersiidi..'*  Bctiiii,  ll^'ft  2,  S.  2K] ;  Hni.pe-Sfyler,  ibt\L,H. 

w,  it>id.,  S.  221  ;  Cmtralbi,/.  d.  moL   [/ 'lV»r^^W< . ,  Ikriin,  18f;8/s.  2. 

ourji.    de    phamt.    d   chhtu^    Parin,    tonu'  xxi.    h.    ^fjO  ;  Hermann,  Arch, 

noL,  LH|>/ig,  IRflO,  S.  33;  Hoiijh' St^vler,  '^Mrtl.  (inuu  L'lileMu  li./'  [krliit, 

,  Jinlcll,  ibid..  Heft  3,  s.  mi. 

tion  of  thene  eonipoiinfls  emibles  fine  to  impurt?  leeitliin  in  a  \m\('  (V»roi.  llie 
•Hjnentlj  ^ot  ri«l  r^f  by  siitidjuiettni  liyih  «*;;<' 11. 
tiiifttion  flf  8o-eal]ai  <'el!», "  l/omluii,  \!^{t7, 
m.^  L*?j|i7j;r,  18flS,  Sinn^lenient,  IM.  vi.  S.  IIU  nrnl  107  :  !^<'e   nisn  Biivr, 
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oxide  (Ojj^iO),  tn^-  thylainiiie  N(CHj()sj  and  water.  It  was  at  one  time 
thought  to  be  iden  al  with  the  Imse  nctirhu\  which  Liehreieh  sefmrated 
from  Hervous  tissii  js,  and  the  two  are  closely  related ;  L^iii]mne.ally 
choUne  (C^Hi^NO^)  is  iteuriBe  (O^Hj^NO),  plus  water.  In  CLiustitution 
neurine  m  trinjethyl  iiij^lammonium  hydroxitle* 

Giyccrii'j^hotq^ho}-  c  fwid  m  glycerin,  in  wliieh  one  of  thf3  hydroxyl 
hydrogens  is  repkci  1  by  phospht>rie  aeid,  h.^.sH  hydroxyl ;  thiin — 

HO  OH 

C,H,HO  (H,1*0;)H()  (:,H,OH 

HO  0— PO,Hs 

f^lyceriu)  (phoapliorid  nekl)  (glyucm-phosiphont:  iicifl) 

If  the  other  two  hyi^ ^  ^~^ ~^^  replaced  by  tlie  radicle 

stearic  acid,  we  obtain 


which   m  tli^tearyl-g  *      Tliif^   m  then  tmitecl  to 

choline  {le^^  hydroxj  bin,  or  fliBtearyl  lecithin,  as 

it  should  be  in(*re  p  ber  lecithins  exist  in  which 

pahnityl,  oleyh  or  otL  fike  the  place  of  stearyL 

Tlie.  exact  Tiuuiner  of  the  P       e1  with  eliuhne  h  a  mattt^r  of 

controversy,  for  up  to  the  pre^^i^ji.  ....  In      ot  been  |ii'q>iir«rl  synthetin^illy, 

Hundc^sliagrii '  ]>repared  artiliciaUy  a  cnollne  .^ait  of  distearyl-glycwo  jilioi?phoric 
acid,  whi^h  is  isomeric  with  lecithin,  hiit  whii-U  jiossesse.^  none  of  its 
char ac teri ?^ t i c  i>ro pc r t le? - 

The  c{in:?litution  of  lecithin  is  not  therefore  that  of  a  jsalfc  in  which  choline 
plays  a  part  of  the  Imse,  m  Diaconnw*  first  ^iigpe.Hted,  htit  niure  probably  it 
is  an  ctLtT-like  coadjiimtioii,  tljc  choline  radicle  Witii^  united  to  the  acid  hy 
means  of  the  oxygen  of  the  hyihuxyl ;  t!ie  fonniilu  for  lUstt'utyl  lecithin 
would  tl ] c re f o ri*  I le  { $ ti-cc kcr)  ^ — 

ClLiJ-C,lH /.Cn 

oir     iH*    ) 

The  follnwing  equation  represents  the  dccoiiii>ositiou  of  lecithin,  finch 
as  oceurH  on  builnig  it  with  alkaline  Hohitiona : — 

(ki  ithih)  (stearic  auiil)       y^^y^au-  (eLolinc) 

pliosplioric  acid) 
jA'cith-(flbtn/uns. — See  p.  G9. 

Cholesterin. — Cholesterin  is  contained  in  small  ([uantities  in  all  jn'olo- 
plasniic  structures  :  it  is  also  found  in  1)1(»»1  c()r])usr]es  and  in  bile.  It  is  a 
largo  constituent  of  sebum  and  similar  (uly  secretions  of  the  skin.  In 
nervous  tissues  it  is  an  esj)ecially  abundant  constituent  of  tlie  white  sub- 
stance of  tbe  luccbdlary  sbeath.      It  may  be  j>rej»jned  by  making  a  liot 

'  Journ./.  })r(ikt.  ('/irtn.,  Lcip/.i*,',  1S83,  Bd.  x.wiii.  S.  219  ;  so*'  also  K.  (Jilson,  ZtscJir.  f. 
physio/.  C/irni.,  Stias>lnir^'.  Bd.  xii.  S.  TiSf*. 

'  -  (Vntnilhf.  f.  //.  innl.   Ulssmsrh.,  Berlin,  18«S. 
'^  Ann.  (/.  Chrnt  ,  L«'ij>/ig,  isr.s,  Bd.  cxlviii.  S.  77. 


CHOLESTERIN. 


n 


alodlolic  extract  of  the  luaiii  ur  spinsil  cnr<l;  tm  Lu>nlin^^  t!ie  elioleHterin,  to- 
^eth^  with  prota^^'Mii  muiI  lerelniii,  sfjiamtes  nut.  Ihxmi  this  iiiixture  the 
cholesteriii  m  Uissulveil  uut  witli  ether,  and  the  etlier  distilleil  ottl  To 
get  rill  of  traces  of  leeithiii  it  i«  heatett  hrv  an  hour  with  aleiihuhc  potaah  ; 
this  <Iec<>mnf>ses  the  leeithiii,  and  tlie  residue  ohuiiied  hy  evaporating  to 
drjness  is  dLssoIveil  in  a  mixture  of  ale(»hol  and  ether;  from  this  HulutiDn, 
ebolesteriii  ervHUiHi^sew  out  as  its  solvtnits  t^vaporate  oiK 

Chole^terin  in  readily  tjl»taim*d  from  jj^all  stones  liy  simply  extrat  ting 
them  with  h<»ilirig  aleolinl,  and  tri_^ating  witli  aleulioliu  potash  to  free  it 
ftom  extrane<aus  matter. 

Like  the  fats,  eholesterin  in  iiisolnhle  in  water,  hnt  freely  solulile 
in  hot  or  e«ild  ether,  glyeerine,  hen/ol,  hot  aluoliol,  and  ehloro- 
form.  From  anhydroiis  etJier  or  ehloro- 
fomi  it  se|iixmtes  in  the  fi«rm  of  iieedle.s, 
eonUiinint^  no  water  of  <'rystallisation  ; 
frtnn  ale^ihoL  or  L*tlier  eontaining  water, 
it  sejiarates  in  the  form  of  rhonihie, 
bright  talj!e8,  wineh  contain  a  nmk*- 
cule  c>f  water  '  of  crystalHsjition,  iunl 
are  easilv  identified  by  the  mifrn!sciip(» 
(Fig.  6),  '  .  ^ 

Dry  cfiolesterin  melts  at  145",  distils  ut 
fvorr/o  at  300'  (A;  its  specific  rotatory  power 
is  (a)j>  — —  Sl'^'G.  It  may  he  ret^ognised  liy 
the  following  erdcair  testn: — 

1,  Witlj  iodine  and  concentrated  sidjilun  ic  aciil  the  crystals  give  a 
play  of  red,  green,  and  hlue. 

2,  Saikmrskia  rfrfrtitm,^— The  clinhwterin  is  dissnlve<l  in  clilon^form 
and  an  eqiml  volume  of  eoneentmted  snl]»huric  acid  added:  tlie  solution 
becomes  first  red  and  then  purplish,  while  the  snljihurie  acid  is  dark  red 
with  a  green  Hnorescence.  On  ]tnuring  olV  tlie  chloroforniic  .solution,  it 
Ijeeinnes  green  and  final ly  yellnw. 

3,  Lidtcntiunn'Iiiurhifnfs  rifU'tHut} — ^Tliin  is  a  very  <leliivite  test,  and 
is  stated  to  l*e  capalde  of  detecting  one  part  of  tlHjlcstcrin  in  :iO,0UO  of 
solvent.  The  cholcsterin  m  (hssolved  in  '1  c.c.  uf  chloroform,  and  ten 
dro|j«  of  acetic  anhydri<le  are  added,  ami  then  com-entrated  snl]i]un:ie 
acid  droji  hy  drop.  The  mixture  liemmcs  first  red,  then  hhie,  and 
fimilly  green. 

Chidesterin  is  si  monatomic  ah"i»hi«l,  the  fnrinidji  nf  whicli  has  heen 
given  as  (*j^H,^()Il  and  i\,.IIi:.<nL  The  sernnd  formula  wuh  first 
aserilK*d  to  the  suhstfince  hy  licinitzer,^  ami  it  is  jtroltahly  the  eiaTeet 
one,  as  it  has  l>een  eonfinneil  by  the  careful  work  of  nhcriauller.**  These 
oljservers  have  prepared  a  large  numlier  of  eumpounds  and  derivatives 
of  cholesterin»  hut  its  con«tituti«>n  still  rcru:iins  unknown. 


After  Vwy. 


Buhject  is  coniplioitcd    hy   the 
zholesterins. 


"irriinistiuiL-e   tliut  \\wv\*   arc    several 


d.  ffew,  PhysioL,  Bonn.  B«L  vk 

mn,  Btr.  d.  fUtff^h.  chcm,  GestUsrh.,  Uirlin,  IH.   xviii.  S.  1.^0  I  ;  nyrelmn!, 
Kennlniss  tier  Ghoktitenne/'  Rostoek.  ISHil. 

Mmyti^h.f.  Vhnn.,  Wit-iu  1S8S,  HfL  ix.  s.  42L 

'%«<W.,  Li'ip/ijf,   1881*;  Zisukr.  f,  pftifsi»L  num.,   Sttassbiirg,   USi\   ndt. 
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It  forms,  like 
and  these  compo^. 
especially  in  the  fui. 
action  ;  cf^  a  protect! 

In  lanoline  then 
other  (isochoIesUriii 
by  Schultsse,^  and  do' 

Chole.^terinB  <jf  v 

The  cholesterin 
acids.  3 

In  man  the  chole! 
(C27H4SO) ;  in  the  hoi 
it  is  unchanged.* 


The  proteids  are 
and  vegetable  organ 
their  presence ;  they 
probable  constituentj 

"  Tliey  are  highlj 
compounds  of  carbon 
in  a  solid,  viscous  ci 
li([uid8  of  the  organ  1 
diH'erences  in  physic  u,,  h 
properties.     They  all  ]  k  »H5iti.s. ., , 


JC!] 


and  are  united  by  a  ch jae  genetic  rolatiunHmp  *'  ((iaiiigee)J 

The  following   table   frtiru    GomihHesjiney  ^   rxUibiU   tlio    percentage   of 
proteids  contained  in  the  liquids  and  eoJids  of  the  body  :^ 


erine,  compounds  often  called  eder»^  with  fatty  acids ; 
,  which  are  fouml  in  the  fatty  aeerotions  of  the  akin, 
)f  sheep's,  wool  (lanoHue),  arc  %'ery  res  is  Lint  to  bacterial 
n  to  the  skin  lanoline  is  therefore  admirable, 
are  two  cbolesterins  at  least ;  one  i&  levorotatory,  the 
is  dextrorotatt:>ry.      Isochol&iterin  wa,s   fir?^t  described 
5  not  give  Salkowski's  reaction, 
rious  kinds  are  present  in  vegetable  tissues/- 
f  the  blood  is  in  combination  with  oleic  and  palmitic 

tiTin  of  the  bile  imasea  avva3*  in  the  fteces  as  koprosterin 
=^c  as  bippokoproatt'Hn  (C^;!!;^^* )  ur  U.>tH.^.P)  ;  in  the  ilog 


lUbfitiinceB  proseiit  in  animal 
in!noiia  of  life  ocfur  witbnit 
ion  productftuf,  and  tlierefore 

\  innHi  iwtrt,  micrystallifiable 
u^^tMi,  and  milplmr,^  otxuuTing 
ill  nearly  all  the  mlidB  and 
rubers  (*f  ib«*  ^i^rtnip  prestint 
tLxtcnt  tneii  in  elieniieiil 
n  foiuiuuH  cbeuiieul  reactions, 


Cerebro-spinal  fluid  0  09 

Aqueous  humour .  .  0*H 

Liquor  aninii         .  .  0*70 

Intestinal  juice     .  ,  0"95 

rcricardiai  fluid    .  ,  2'36 

Lyiupli         .         .  .  2"4tj 

Pancreatic  juice    .  .  3-3»^ 

Syi;ovia        .          .  .  3-J>l 

Milk    ....  3'»4 


Chyle 
Biooil 
Spioal  cofil 
15 rain    . 
Liver  . 
Thynins 
Muscle 


4^9 

8-56 

7-49 

8  03 

11-64 

12-29 

lG-18 


Timiea  niediuof  lirt^riciS  27*^3 
Crystalline  lens     .         38*30 


^  Bcr.  d.  dcutsch.  clicnu  Gt^tlhrh.^  Berltii,  Bd,  vi.  ;  Jitum.  f.  pntli.  f'h^'m.,  I^i|inf;, 
X.F.,  B(l.  XXV.  8.  458;  Zischi\  j\  phtmof,  f'hem.,  HUfLssUuin^,  Bd  xhr,  S.  522.  On 
isoclioU'steriii  in  rcr^rx  c<i,f«wa  stu  Raiqifli  ihtd.^  lUL  xxi.  S.  l'J'2. 

-  Ikncke,  Jahrcsh.   ii.  ft.  Ltiaftimj,  ...,»/,   yrw.  Jffv/. ,  Ht-iHii^  1862-  HBsst?.  Ann.  tL 

Chan.,  Lei])zig,  Hd.  oxci'.  S.  177;"!^.  - -v ,  ^^  "■-^■-' :  IfH^il.  ■ -M  prv^--:iV'^  ^f^}J  ^  \\{i, 
cevii.  S.  'J32  ;  S(^liiilze  and  Barbieri,  Journ.  f.  prakt.  Chcin.^  Leipzig,  N.F.,  Bd.  xxv.  S. 
ir>9,  458  ;  Heckel  and  Schla^denhaiiffen,  Cwnpt.  rend.  Acad.  d.  .•«(!.,  Paris,  1886,  tome  cii. 
p.  1317  ;  Arnaud,  ibid.,  ]>.  1319.  See  also  Jaeubson's  paper  on  "  Vegetable  Oils,"  /^fscftr. 
f.  jdiysiol.  <7i(im.,  Strassburg.  Bd.  xiii.  S.  32. 

^  K.  Hiirthle,  Ztschr.  f.  physiol.  Chan.,  Strassbnrg,  1S9«>,  Bd.  xxi.  S.  331. 

*  St.  Bontizynski  and  V.  lluninicki,  Ztschr.  f.  physiol.  Chtni.,  Strassburg,  1896,  Bd. 
xxii.  S.  3rM;. 

^  In  the  ])re[)ariition  of  this  section  1  have  derived  .sj)eeial  assist-ance  from  the  articles 
"  p]i\veisskorj)er,"  in  lieilstein's  "  Ilandbuch  der  orij.  Clieniie,"  and  in  Didenburg's 
•'  Handworterbuch  d.  Clienne,"  1885,  Bd.  iii.  S.  534  (article  by  H.  Drechsel)  ;  and  from 
an  article  by  T.  (i.  Brodie  in  Science  Progress,  London,  1895,  vof.  iv.  p.  62. 

"  In  some  cases  phosphorus  also  is  present. 

"  "  Physiological  Chemistrv,"  London,  vc»l.  i.  p.  4. 

^  "Lerirbuch."S.  128. 


From 

Frnjii 

Hopi>t>8*'vler.3 

Dre<?hBeI.3 

51-5  Uj  51-5 

50-0  Ui  55*0 

C-9  „    7-3 

e^^,,    7-3 

15-2  „  17  0 

154  ,.   18-2 

20-9  „  23-5 

22-8  „  24^1 

0^3  „    2-0 

04  „     5*0 

COMPOSITION  OF  THE  PROTEIDS,  t$ 


Tlie  proteid  constituents  (»f  the  aninial  l>n<ly  are  derived  frrtm 
vegetablej^  either  direftly,  rn"  iiidireftly  thrnnj^li  the  IkhIv  nf  aimlher 
mhiiaL  Synthetic  prtK^eHses  tin  nceiir  in  the  aiiiiiial  !*fMly/  hut  to  a 
much  gi-eater  extent  in  vegetal Oes  ;  here  th6  proteids  are  Iniilt  vi]i  fi'om 
simpler  coinponnils,  derived  idtiiujitely  from  the  soil  and  atrnohsphere. 
In  animals,  tlie  proteidw  are  eoiiverted  <luring  dij^astinn  into  hydrated 
products,  called  iiejitoiiey ;  the.se  are  re-eoiiverte<i  into  proteidy, 
similar,  in  a  general  Ken^e,  to  th^se  ori^^niially  iugested,  and  tlie«e  are 
aasimilated  to  lieconie  part  of  the  living  organinin.  In  tijiie,  they 
become  suhjeeted  to  kat^diolie  proeeHBeH,  and  give  rise  to  carhonic  acid, 
imiphiiric  acid,  water,  an<i  certain  not  fully  r^xitiined  products  (urea,  uric 
•cid,  etc)  which  contain  the  nitrogen  of  the  original  proteiil. 

Compoeition  of  the  proteidis. — Various  pn>teids  iHller  a  good  deal 
in  elementary  composition,  as  is  seen  l>y  tlie  f<dlowing  percentages: — 


C  .  .  . 

H  .  .  . 

N  ,  ,  . 

0  . 
8  ■  ■  ' 

In  addition  to  the  ahove  constituents,  many  proteids  or  ]*r<itciddike 
aubsUmcea  contain  Hniall  quantities  of  pliospliorus;  antl  practically  all 
jm»teids  le^ve  on  ignition  a  varialih*  anif>uut  of  asli.  hi  the  ease  of  egg- 
alhumin  the  chief  sul>«tanccH  in  the  ash  are  eldtnides  ui  potassium  and 
sodimu,  and  smaller  tpiautitie-s  of  phosjfhoric,  sulphuric,  and  carbonic 
aeida,  in  comhiiiation  with  sodium,  potassiuru,  calcium,  mugnemum,  and 
lion.  There  may  also  he  a  trace  of  silica.*  The  ash  tif  serum  pro- 
leids  contaiiLS  an  excess  of  mxlinui  chloride,  anil  that  of  nnisrle  proteids 
i prej*onderanee  of  potassium  and  ]»hoH]dnaic  aeid. 

Whether  these  mineral  substfiucc^i  are  integral  constituents  «if  the  [>roteid 
poliOtllef  or  cliisely  adherent  iiiipuritii's,  is  a  matter  of  d<nibt ;  tlie  hittei' 
miipMltiun  L*  the  mor^  proljiibk%  as  there  arc  ccrtniu  motlimls  of  fit)t4iiiiing 
pruteids  pnicti«:ally  frre  fmni  a.sh.  The  tn'st  of  tlicst  i^5  Hunuick  h,'*  iii  wbirJi 
lie  precipiUiteB  the  proteid  as  a  c«jj)jier  idbmiiiuute  ;  tliis  is  dissohcii  in  srHliuui 
hydrate,  and  thp  proteiil  i-n  jirf^cipitated  from  this  solutinii  by  livdreH-lihiric  iicid. 
The  fto-called  ash-free  albumin  obtained  earlier  by  Aronsti'in  nnd  S<  bmi<lt^'  hy 
meftofi  of  dialysift,  was  shown  by  later  observers  (llpynsius,  WiuogradolV)  to  he 
poor  in  aiih,  hat  not  free  from  a^bj  aud,  aiorenver,  that  its  ineoa^nitdHlity  by 
heat  and  other  cbaraeteristic  properties  were  due  to  the  use  of  alkali  iu  its 
preparation.  Nevertheless,  Harnaek's  ash-free  alhiniiin  is  also  not  coagulahle 
bj  heat,  and  more  closely  resembles  aeiil  albumin  in  its  properties  than  any 
other  known  proteid*^ 

'  *  ^-  five  artick  Vrv  F*fUigor  on  this  suhicct  will  Ijp  Ibiiiid  in  Arch.  f.  d,  ges. 

I  xlii.  H.  liL 

1  .i.-*.  u.  r.  d.  physiol  itfith.  cIktik  Aiial.,"  IS^f.,  nth  e.Htinn,  S,  259. 

cii,    KtUme  and  CIiitttMiflcn's  analysivs  tjf  i^  |>toij<'s,  wliirli  tlain'  ^Ivt*  with  n^^tervej 
irrably  outsidti  these  liniitn,  Zfuffir,  J\  liift/.,  .\liH]<'h»iL  1>^H(I,  |Vi.  xxii.  S.  4^*'!. 
lin,  **HaiidK  d.  urg,  CImtiu/'  fM.  viii.  S.  '2Hi>. 
'',  dctUsth.  ffinn,  Ocacthck,,  lit^rlin,  IM,  xxii.  S.  ^^nnS;  VA,  \xiii.  S.  37  ir» ;  lid,  xxv. 

''  d.  ges.  Phtfsit)l,  Bonn,  1875,  S.  L 

ibid,,  Bd.   xlviii.  H.  127.     HartMek  d<^m^"^  (leit  liis  iiintfTial  is  uriil  albinidn, 
add  usimJ  iu  ita  prccipitatinn. 
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Globin  prepared 
perhaps   hardly   cr>r 1 1 
extremely  probable  th 
are  combined  more  or 

The  process  of  iix 
of  ash  in  a  proteid  ;  f 
when  phosphorus  is 
sulphuric  and  phos^^phv 
that  sulphates  are  fi>rn 
would  occur  to  a  gre^it 

The   sulphur   m   proteitls   is 
sulphuric  acid,  \\\nv\\  leaves  the 
ethereal  hydrogen  ,sul]  *    " 
result  of  putrei'aetiv6 
hindered  by  the  aduii 
products  do  not  aiijK 
of  the  sulphur  in  pm 
a  part  loosely  cn[jil>ii 
the  former  is  ncd  ;  tli 
Among  the  priiuiiry 
which  thioglycollic  jn 


ONSTITUENTS  OF  BOD  Y  AND  FOOD, 

>m  hiBmoglobin  \a  stated  fcf>  be  free  from  ash.  It  is 
t  U}  miy  that  tlie  ash  is  an  inijiurity,  beitau^e  it  i« 
t  in  their  nativo  condition  the  actual  pruleid  molecules 
ess  lcjo.se I y  >s'it!i  inorganic  snbsUmces, 
incrating  has  it-^  drawbacks  in  determining  the  amount 
r  in  the  heating,  some  of  tlie  fiulphur  of  the  pnjteiil,  and 
resent  the  phuspltorui*  tiUo,  will  be  exidised  and  form 
ric  aeiils  re  spec  Lively.  IL  Sehnk  ^  has  recently  alio  wn 
edin  tii^sues  iva  a  res^ult  fif  drying  them  at  110'  C.  ;  this 
!r  extent  still  at  the  temperaturo  necessary  for  ignition. 


in  the  body  normally  hurnt  off  as 
body  ill  tin?  urine  a^^  sulphates.  The 
■^iniite  in  the  inteatine,  as  a 
^  and  when  putrefaction  is 
?B  of  i(>doff>nu  in  doj^^^,  these 
iger  *  lias  sliown  that  a  imrt 
iditioiiof  stahh}  t^oniliiurition, 
kved  by  liuiling  with  alkalLs, 
ti  differ  in  tliilercnt  proteids. 
t8  i\i  i^rnteid,  thiu-arida,  of 
b  ahutidant,  are  olftidned.^ 


From  the  elcinejilar  .,  jeen  made  of  proteids,  yariona 

observers  have  atU'iupteu  mj  ,  empirieAl  formula  for  certain  typical 

proteids,   egg-albuiiiiti    being  ually    selected,      Thua    Litdierkiihn 

assigned  to  albunun  the  furmiua  ^-ailni^i/^.j^ ;  Locw '^  gives  the  same 
formula;  Harnack  ^  gives  Cji^H-j^^N^^J  ^^^.Sg  j  Schiitzenherger,^  Cj^eJIsi^aN^yyO-^ 
S3 ;  and  there  have  Vieeji  others.  The  great  divergence  between  these  numbers 
requires  no  comnient. 

Equally  cont]ietiit<:  re^ult^  havf^  been  obtained  in  attempts  to  ascertain  the 
molecular  weight  of  albumin.  Licbi-rkiibn^  in  1852,  attempted  to  establish  it 
by  analysing  the  t:opj>er  eun]|KJiind  of  egg-albumin;  more  recently^  Harnack 
has  done  similar  work.  Ihit  very  little  im[)ort,inee  can  be  attached  to 
such  work  at  present,  for  Chittenden  and  Whikdionse^  find  there  is  na 
definite  cop])er  anmniijiatej  but  tliiit  there  are  f?evend  in  the  mixture  ;  and 
equally  variable  re^^tdts  are  uhtjuiicd  with  other  mrUalj^  both  with  pgg  iillnmiin 
and  myosin. 

Such  resoav^  he?^  lm<l  to  the  same  ranclnsion  as  dialysis,  naniely,  that 
the  molecules  of  proteitl  are  extremely  larg;e,  btit  leave  us  quite  in  the 
dark  as  to  their  exart  magnitude, ^'^     It  is  ]»ussible  tliat  in  the  future  the 

'  Arch.f.  </.  <irH.  Phff^m!.,  nnnii,  \h\H.  lid,  IvL  S.  203.  8cc  aho  Hallihiu  toa  uml  nmlie. 
Joiirn.  PhifsiuL,  CaMd>iidi»i3  aiiil  b»rid^in,   |h:m-9Eu  vul.  xvii.  p,  15J. 

MiauMiaini,  Ztsr'    .  /.  .^r^   ■'    ^ '^    .^  ,  S"  ,    .'  Mr-;    V.l    :.   H.   ]r.* 

^  Mora x, ////'/.,  S  31 8.  See  also  more  reeently  Nuttall  and  Thierfelder  on  "Animal 
Life  without  liactcria  in  tlio  Alinientary  f.'anal,"  ibid.,  vol.  xxi.  p.  109  ;  xxii.  p.  62.  In  this 
paper  it  is  sliown  tliat  healthy  animal  life  is  possihU;  witliout  micro-organisms  in  the 
aliFnentJiry  canal. 

^  Arch.f.  d.  ,frs.  P/n/sio/.,  P,onn,  1SS8,  lid.  xliii.  S.  214. 

^  F.  Sutcr,  Ztsflir.  /".  phijHiol.  i'ficia.,  Strassl)urg,  isi*').  15(1.  xx.  S.  504  ;  K.  Haumann, 
Urid.,  S.  5S3,  and  llrdtow's  Archii\  l.sy4,  Bd.  cxxxviii.  S.  r»»30  ;  E.  Salkowski,  ibid.,  S.  f.02. 

•^  Loew  and  liokornv,  '*  Die  chennsche  Kraft«pie]le  ini  Ichenden  Protoplasma,"  Munich, 
1882. 

'  Zlsrhr.f.  ph}fsioL  ('hnn.,  Strasshurg,  Hd.  v.  S.  207. 

*•  Bull.  Sof.  cliim.,  Paris,  Srr.  '>,  tomes  xxiii.  and  xxiv.  See  also  Schmiedeherg,  Arch.f. 
cxpfr.  Patlt.  u.  J'hornml'i'/.,  Leipzig',  1S1>7,  Ud.  xxxix.  S.  1. 

^  Sfiid.  Lnb.  Phifsiol.  (.'hoii..  New  Haven,  vol.  ii.  p.  9r». 

^^  Tlie  large  size  of  the  protei  1  molecule  can  he  very  strikingly  demonstrated  hy  the  fact 
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result  will  be  achievetl,  when  iiroteids  obtainable  in  a  cryfitalline  form 
have  been  thoroughly  iTiveHtigated. 

Vegetable  proteids  luive  l*eeii  prei>are(l  in  a  crystalline  form^  in 
combination  with  niagiievsia ;  iH'echsel-  finiiid  in  one  prejKiration  1*4  per 
ceot  of  mat(iiei?ia  (ilgO) ;  in  ain:>thei\  pre]>are(l  by  an  iniiimved  nietliod. 
1*43  jier  cent.  From  this  the  mulecnlar  weight  x  may  be  calenlated  as 
ftdlowd : — 

X     100 -- 1-4:^*         ..^j.^ 
40^"-T4S-'^^'^"' 

From  the  Himilar  exaniinatiu!!  of  the  Hodiimi  c-ninpi^und  tlio  nirJe- 
cular  weight  of  albuiuin  way  found  iu  be  141)0.  Otluir  vegetable  {>ro- 
teidjs  exatumed  by  (iriibler^  also  ^ive  liigb  but  varia)>Ie  incileenlar 
weights. 

Ha'nujgbihin  l»elong8  to  tlie  pruteid  euiupnuuds  capaldeof  erystallif^i- 
tion;  ZinoHsky^  prepared  li;i-inoglubin  crystal h  tTi»nj  tlie  blnud  uf  the 
barse  h\  a  very  pure  state,  and  the  bn-ninla  ealgnlated  for  Iki  iLJuglolun 
from  bifi  elementary  analvBes  wunld  be — 

If  a  molecnle  of  hieniatin,  CjjHjjN^O^Fe^  ia  Bnbtraetetl,  tlu?  formula  for 
prL»teid  left  is — 

Jaquet's*  furniida  for  |nu*e  hirmoglobiii  of  dog*s  bbioil  wmdd  give  the 
proleid  molecule  a  fi>rmula  — 

So  that  here  again  there  are  gi*ent  iliHerepanrie^. 

Such  a  sunnnary  of  the  prin(U]ial  analysen  tuiide,  is  f[uite  wutlk  lent  to 
pve  jHiint  to  Drechsers  coik  bisinn,  tliat  wliile  divergeuceH  of  analysis 
exii*t.  even  thnngli  they  are  due  U\  extremely  small  ernns,  it  is  futile 
to  attempt  to  measure  aeeurately  the  nizc  of  the  luntek!  mulet'ule. 
I>recliJ*el  {wantH  out  that  in  ho  large  a  moleeule  an  analyti(*al  crrnr  uf 
0*01  per  cent,  would  liave  the  sauie  iniporiance  as  one  of  Oi  per  eent.  in 
ordinary  analysers. 

It  shoulil  Ik?  added,  in  eonflusiuu,  tfint  Kume  few  iuvestigatm-H  liave 
neeA  the  cryttsenpie  niethud  in  atteiupting  tlir  subitinn  of  tliis  prnblrm  ; 
the  molecular  weight  *)f  egg-albumin  by  tliis  UHdlinil  i»  14,000 
(SaUinejeif)*  of  allMUuoseH  1200-2100,  and  nf  antiiK'[>tnn  niiieli  less 
(raal).? 

Ei^jually  inconehisive,  thuugh  mueb  umre  iuterestiug,  have  Oeeu  the 
attempt8  to  disiMiver  the  rati<uial  furmula  for  the  ]u-citeid  nnileeule.     The 

ttrifJsi  ill  solution  will  not  l»a,ss  tljioiijuli  a  nn'nihrai3(^  of  tri'ltitiii  or  Hiticic  tu-'wl^  wiicn 
under   fircsanro.       The   ]Krodurts   uT  |ireite«>lyHis   f|!H>lnjwH  and   in^ptntus)   willj 
lMnrerer»  p^as  «iich  a  meniliraiie  ;  tlif  smaller hizl'  uf  their  nioUriik-H  \ms  alno  Imn  n  tienjon- 
-J — *.^A  i_  *%e  cryojscopic  nietliixK     CryntJilluids  juuss  ihrou^h  siirh  iti{nil»rJMie»  nt  tlie  .tiune 
and  can  thnn  he  eanily  SMimrnted  IVnni  eolloidH  in  a  .sohiti<in  eijntaiiiirig   hotli 
hurti.  ritjfsk*/.,  Cwnihiid^e  and  I.niKhjJK  ISIM";  yo],  xx.  [*,  '.UM), 
t  i>r  v'^'^ijetahlc  and  orystalline  ]>rot*nda  will  he  tiejited  jU  lrn;^'tlj  in  a  hd^T 

iiJeL  Chem,,  U\\rng,  1879,  N.F.,  Brh  xix.  S.  Uni. 

Bil  xxiiL  S,  97, 

ynioL  Chan.,  HtrnHshmg,  1885,  M.  x.  S.  1^1.     'Miinni,'.  IHnh..  Waml,  ISSn. 
rJt.  them.  ih*eJfsch,,  Berlin,  IHni,  lid.  xxiv.  Ref.  u:*H. 
fiih  xxvii,  S.  1827.     For  Sit'^d  Vied' s  work  <>n  the  idiiittly  uf  faitifieptoni' 

[louuc],  wliieh  he  liaa  called  rurtttr  fit ttl^  see  under  "  rhemisiry  of  Mynele," 
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usual  rnetfind  which  a  cheiaist  follows  in  atteiapting  to  imravel  tbe 
eoiistiiution  of  any  sul>stanc6,  is  first  to  discover  the  way  in  whit'h  it  decoin^ 
poses  (anaiyfti-s),  and  then  to  l)uikl  up  tlie  orii^inal  material  r»nee  more  fror 
the  simple  c(»mpuundH  sn  iildained  (sytithesis).  In  the  cuuse  of  the  proteida 
there  have  heen  many  nlifiervatioriH  dm  tlie  anulytieal  side,  liut  r^ytithesia 
haH  nt»t  yet  heen  sneees-sful  We  will  lirst  rnnsider  the  re.sidts  ot 
analysis,  next  the  attempts  at  synthesis,  and  Hnally  state  some  of  thel 
theories  foiuuled  on  these  ohservations. 

The  decomposition  products  of  proteids, — Tlie  experiments  whieh 

have    l)een    performed    fall    into    two 
main  ^n-mijis:  the  first,  designed  with  J 
I    view    to    determine   the   series    of  I 
elianges   a    proteid    undergoes    in    ital 
passage  through  the  l>ody ;  the  second,' 
with  the  ohject  of   investigating   the 
cliemical      snhstauces      ohtained      as 
cleavage  pnnhiets  hy  artificial  means 
in  the  lalnaatury.     In  the  first  group  I 
Uie    progress    wliicli    has    heen    made 
is  slight,  great  ami  ohvious  didiculties 
I  >eiug  eneouutered    at    nearly    every  _ 
step;    the     end     pnRlucts,     carbonic  W 
;iidiydride,    water,     urea,     urie    acid, 
animouia,    etc.,    are    kiiowii,   but    the 
intermediate      sidistances,      resulting 
from   metabolic    chauges   withhi    the 
Fig.  z.-Lt^uehu^cryHtaJs— AfterKiiUne.     cells    and    tisBues,   are    still    ill    the  | 

region  of  eonjecture. 
In  tiie  alimeutary  caual  itself  there  are,  Imwever,  changes  whieh  arej 

within  the  grasp  of  the  investi- 
gator, and  the  proteoses,  al- 
buminates, and  peptones  there 
foruieil  will  ite  treated  under 
tlie  bead  of ''  Digestion/'  Here, 
bto,  ivnder  the  prf (longed  action 
nf  the  panerentic  jnice,  sim]iler 
introgenHns  substances,  sueh 
as  leucine,  tyr^jsiue,  as  part  ie 
acid,  and  ammonia,  are  formed 
in  small  quantities.  Leucine 
((yi^iXX))  is  enipiriciilly 
amidfi-«"a]>ro!c  aciil.  but  of  the 
numerous  possil>le  isomerides 
which  eoidd  be  included  under 
that  name,  leucine  has  — 
been  showii  ti>  be  a-amido-  ■ 
jsolnitvlacetic  aeiil  (("FD.CIL  ^ 
(1I,C!L(NJ!;)C00H.  Tlie 
^•ucine  obtained  on  pancreatic 
digestifm  is  dextmriitalory, 
Levorotatnry  and  optically  in- 
active varieties  ^f  leucine  exist, 
and  some  of  them  have   Wen 


I 


* 


Fig*  8.— Tyrnaiiio  orystiilHi.— Aitvr  Frcy. 
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pr«f*in?d syutbetieally.^  Tyn isiiie (C,J fi^NO i) is oxypl lenyl aujidu]H( ipiuiiiL: 
»Ci<i.  H0jXH,.C,H.(NII,>.V00H.  Thin  siiik4.aiiee  lias  alwn  \mn\  lutulo 
ajnthetically.-  The  er}'Btalline  forniH  of  tlietst'  two  subHtaneen  are  seon  in 
the  acccimiH^nyiuj^f  tigures  (Figs.  7  and  8).  Aqmrtic  or  asparaginic  at;i<l  '* 
(C(HjNO|)  is  aniiao-HUccinic  acid,  CJI,(KTL,XCOOHV  That  ammonia 
ilprothice4l  \\\  i*nilonj4ed  iiancreatic  digestion,  nndcr  t-onditionH  prethul- 
1^  the  iM>stsilii!ity  of  jnitrefattion,  was  nhown  \\y  Stadtdmann.^ 

To  this  li«t  ijiitst  he  adiled  lyHinL\  lyK^itiidne,  arginine^  (Kee  p. 
S3),  gliitanuTiic  acid,  and  proteinchnanogun,^  a  ynhwlance  of  nii- 
ecftam  nature  which  given  ii  red  dish -violet  produiL  willi  rlilorine  or 
^l^»lllille  wjiier. 

Within  tije  intestine  many  changes  occur  winch  are  ihie  to  Iwutinial 
aciioiL  The  prodnctn  which  have  jtist  been  cmnjicrated  ariwe  linsL, 
iod  then  by  dincreid  changes  rdhcr  s\ih.siances  are  furiniMl ;  uf  these 
the  fr*Uowjng  may  he  mciitinned  : — iniliil,  nkutoh  Hkatijl-carlHinic  acid, 
oxjrpbenyl propionic  acid,  phenylpropionic,  and  phenylacetic  acitis, 
piakre^d,  and  phenol,  and  Binipler  Ijodies  like  carljoinc  anhy<lride, 
viter,  ammonia,  hydrogen,  and  snlphnretled  liydrogen,  amido-fatty  acids, 
ind  fatty  a(*ids  thcinselves,^  The  iimst  interesting  point  to  note  liere 
is  the  large  nmnlier  of  derivativeH  containing  the  hcnzene  niielcus.  The 
iadol  gronp  has  never  Ijcen  ohtained  from  the  jiroteid  molecule  hy  any 
"ither  methinl  tliau  that  of  hacterial  decomposition.^ 

We  can  now  {lass  to  the  second  categtuy  of  investigations,  namely, 
those  carried  out  in  vitro. 

The  tirst  action  produced  liy  most  reagents,  es|  tec  tally  it'  thiy  hriug 
•Imrtit  hydrolysis,  is  the  formatinn  of  ]iroteoses  and  ]H'pti>nes;  these  are 
then  broken  up  into  more  sini]»le  snhstances.  Thr^  suhject  may  lie  must 
conveniently  treated  of  under  the  heads  of  the  ditlerent  mcthnds  emplttyed. 

1.  Trcatmtnt  with  alkalh. — Mulder*  treated  albumin  with  C4instic 
patash,  and  ohtained  the  auVjstunce  which  we  imw  call  alkali-albnmin  ; 
this  material  is  free  frooi  most  of  the  sul]ihnr  present  in  the  original 
proteid,  namely,  that  wineh  is  jiresent  in  l(Htse  combination:  the  Mrudy 
ootnbined  sulphur,  however,  remains  undisturbed.^^ 

Mulder  thought  that  hy  this  method  he  had  ohtaiiu.'d  the  base  of 
aU  albuminoiiB  material,  and  called  it  ''  protein  " ;   lie  described  many 

•  Fw  reeent  lit^ratme  on  leucine,  see  Htihnize  aud  likteruik,  Ztttchr,  f.  phtfaioL  Chcm. 
UUamitmrgt  Bd.  xviiL;  Gmplin,  tbiti.,  Bd,  xviii.;  IPapver,  ^'SvutlieniH  of  Leiicioe,"  Joui^t./, 
prmkL  Chinu.,  Leipzig,  N-  F.,  (i<L  1.;  E.  Sdmliie,  Biubieri  atui  nnsahaid,  Ztschr.  f,  pfit/sinl. 
CSMn.,  Strm«aburg,  lilt?*  is.  imii  x. ;  Colm,  ibid.^  nd.  xx. 

•  &letimeyfr  mid  Lii>p,  Ber.  d*  deni.^h,  rhmt.  Oesrlliult.,  lieilia,  P><1.  w.  H.  I^IL 
•For    *:heniis»try    and    rrejiaratiori,  sre    Hla.Hiwt'ti!   ami   inilicrniaiiii,   Attn,   tL    i'hKW., 

hm^  B«l.  dxix.  8.  160  ;  E.  8cliulz<*,  jitschr,  J\  pfujftitjL  Visfni.^  iStraAsbtir^%  nd.  ix. 

*&tAr.f,  Biol.^  Muiit'lien,  1888,  BtL  x.\iv.  «.  ^iJl.  See  also  Jlirrithler,  Zhc/rr.  f. 
fkjftioi,  Chem.,  Strassf^irg,  Bd,  x.  S.  1102. 

•  Hedin,  Arch./.  Phy^u^.,  Lcip%  laiH,  S.  273. 

^  Stadeluiarjn,  Ztxhr. /.  IHi4.^  AlMiidict],    ti^l.  xxvi.  *S.   JOL     iSeuineijiler  su;r^ests  tlie 

^~'  * "--^wii  for  tliU  substance,  ibul.,  S,  324  ;  NeiRki,  Ikr.  d,  tkufsck,  cht  m.  ihnr/lisck.t 

Fiii.  S.  560. 

i,  ibi4.j  Bd,  xiL  S.   648  ;   Tapiseiuer,  Ztsdtr.  /.  Biul,^  Miinel^en,   IkL  xxii* 

%  work  on  the  myeoloj^eal  proees-nes  in  the  inteHtines,  see  V.  !>,    Jfani.^, 
I  BcLcierivL,  P>lin.  and  Ltmdou,  181*5,  vol.  iii.  [>.  a  10.     On  the  |intn  fat  Liun 
"^  0.  Kmmm\iufr(Bcr,  d.  itcutfif'k,  ihrm.  f/rsd/}n:-h,f  Berlin,  I89lj,  IJd.  xxix, 
ion  to  the  snbHtjinee.s  cnnnjcrated  above  he  limis  betaiue. 
/.  t:%cm.,  Leipzit'^  Bd.  xvi.  8.  129;  Bi],  xvii.  S,   312;    Amh  d.  Chan., 
%,  129, 
/,  d.  gu,  Fhy9ioi,j  Bonn,  Bd,  xliii.  S.  214. 
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compounds  of  substance,  but,  as  Liebig^  was  tlie  first  to  show, 

this  work  was  iuii    f  fallacies,  and  the  unly  remnant  of  it  is  the  survival 
of  the  word  proteii^ 

Pavy2  has  us(^  ciiuBtic  pf>taHli  in  his  researches  on  proteids,  and 
shown  that  the  acti  w  of  the  alkaU  ia  tn  spht  nlf  a  aubBtaiiee  of  an  anivlose 
nature  which,  on  fu  ther  treatment  witli  mineral  aculs,  yields  a  reducing 
but  non-f ermental ►  m  suiriir,  CnHi^O,!,  wlm-h  ^^v^^^  a  crystalline  tjSfizone 
with  phenylhydraz,  lie.  l*Hvy,  however,  himself  jioiuts  out  that  he  is 
not  the  first  to  ol*  aiii  this  result  Sehiitzenberger  ^  many  yeara  ago 
obtained  from  prol  vid  a  dextriii-Hke  substance  by  the  pnilnnged  use 
of  baryta  water,  uliicli,  nt'Ler  treatment  with  Hidjiburic  aeifb  redneea 
Fehlings  solution,  \n\A  -*  apjjearfi  to  be  ghieoHo,  or  \\\\  aiudogfHis  KulfHtanee." 
From  his  own  and  Seb***- '^■^"■"'■'*'^- "-'^  ''e  druws  the  rcMidiisioa  that 
proteid  matter  has  t!u  ucoj^ide.     Tfiewe  experiments 

will  be  again  referreil  uteid^. 

O.  Nasse*  disco ve  >teitls  with  a  strung  sohitioti 

of  barium  hydrate  \  wan  dittcrjjLraj^ed  as  aiiinioiua, 

but  this  only  accou  jntage  of  tbe  ttttal  nitrogen. 

He  concluded  that  tr  n«bly  lilieratcd  ih  in  the  ftirin 

of  an  amide,  that  smn  ■  lu  that  of  ereittiiie,  but  that 

the  major  part  whi(*l  treatment  is  in  the  fonn  of 

an  amido-acid. 

Schiitzenberger '*  \  .^,  ia  methr»d.    He  obtained  dif- 

ferent results  by  Viirvoig  i  s  of  teni]ier?iture  and  fue&isure,  of 

the  time  of  treatment, ami  o.  ^  X  of  hariuin  liydrate  employed.    In 

his  earlier  researches  lit.*  L^nijiluyed  coagulated  egg-vvhilc,  wbii'li  bad  been 
thoroughly  washed  with  water,  a  let  ^hol,  and  ether;  weighed  amounts  of 
it  were  treated  with  froin  two  to  six  times  their  weight  of  crystal Usetl 
barium  hydrate  and  with  water,  the  wliolu  being  heated  in  a  clo.sed  iron 
vessel  to  temperatures  ranging  from  100^  tn  lifiil"  ('..  and  for  ]ieriods  of 
time  varying  from  >>  to  lliO  hovniK.  He  found  tJiat  nitrogen  to  the  extent 
of  about  one  per  it.-nt,  of  the  totsd  winght  K>i  albimdii  \^  given  otV  as 
annnonia  at  atmos]i]j(nuc  ]tressure,  by  Iji^iling  fcjr  half  aii  hour;  a  second 
one  ]>er  cent,  comes  oil  slowly  by  rontiuued  litiiUng  fnr  120  hours  (this 
result  is,  liowever,  more  e*isily  obtainetl  by  treating  with  tfiree  jiarts  of 
barium  liydrate  at  120  U.  for  six  to  eiglit  bonrs):  a  tliird  one  per  cenL  is 
given  oil*  by  treating  with  two  part.^  of  barium  hydrate  at  \Hf  C,  and  a 
fourtli  one  per  cent,  by  lieating  witJi  excess  of  barium  hydnite  at  2tiO°  C. 

He  next  found  that  acconjpaTjying  tliese  fom-  stages  there  w^ere 
ditterent  cleavage  pnHhicts  obtained.  First,  some  in,Hylnble  barium  sidts, 
namely,  oxalate,  carbonate.  ]ibosplmte,  and  suli"bate.  On  calculating 
the  ([uantities  of  oxidate  and  carbonate  frainerb  be  arrived  at  the 
interesting  result  that  they  were  present  in  proportions  to  support  the 
liypothesis  that,  with  the  ammonia  set  free,  they  had  existed  m  the  pro- 
teid molecule  as  a  urea  and  oxamide  radicle.  The  barium  carbonate 
and    oxalate,  moreover,   were   formed   at   ditVerent   stages  of  ammonia 

1  Ann,  (I.  Chem.,  Leipzig,  Bd.  Ixii.  S.  132. 

2  ''Physiology  of  the  Carbohydrutfts,"  London,  1894,  j>.  28;  Proc.  Roy.  Soe. 
London,  1893,  vol.  liv.  p.  53  ;  Jirp.  Brit.  Ass.  Adv.  Sc,  London,  1896. 

^  Bull.  Soc.  chim.,  Paris,  187.5,  Ser.  5,  tonic  xxiii.  p.  161. 

*  Chcm.  Cenlr.-Bl.  Leipzig,  1873,  S.  137;  Arch,  f,  d.  gcs.  Phym^L,  Bonn,  Bdc.  vi.  S. 
589;  vii.  S.  139  ;  viii.  s.  381. 

^  An7i.  dediivi.,  Paris,  S^r.  f*,  tome  xvi.  ]>.  289  ;  Compt.  raid.  Acad.  d.  sr.,  Paris,  tomoci. 
p.  1267  ;  cii.  p.  289  ;  cvi.  p.  1407  ;  cxii.  p.  189  ;  Bull.  Soc,  chim.,  Paris,  Sc^r.  5,  tome  xxiv. 
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eliuiinatiuii,  in  siR-li  a  way  tbut  tbe  tirnt  ftuioiuit  of  ammonia  iniglit  be 
ciin*si<lt*i\Hl  tu  vjm\w  frnm  one  of  the  mnitle  ludk'leH  of  the  oxuiiiiile,  while 
Uie  Becoiui  einTesiMdnled  to  the  iirau  ami  the  third  ti>  the  remaining 
mtfOgeu  uf  the  oxaiiiide,  then  present  an  oxaniie  aeul. 

After  precipitating  tfie  iKirium  with  earhouie  aniiydritie  aiul  svjljihuric 
add,  he  (ihtiiineil,  hy  distillation  in  a  jiartial  vai-uani,  a  Hinall  ([uantity  c^f 
acetk*  acid,  tntceR  of  formie  acid,  and  an  e^fiential  volatile  oil  which  he 
iwdeutifie<l  an  pynul  eunt^iodnated  wit[i  Hinaller  quantities  of  methyl- 
prrrtil  and  eihyl-pyrrnl.  The  renjaimler,  wliieli  did  not  vulaliliHe 
nor  suldime  at  a  h^w  temperature,  he  termed  rMihi  firr.  \\\  run- 
tm^tinjj;  the  eHnqMisjtiim  nf  tld.s  witli  tltat  <if  tlie  nii^^iual  alhuniin, 
aud  taking  inU*  account  the  HuhstanceH  ah^eady  enumerated,  he  foinid 
that  the  essential  action  of  the  harium  hy<lrate  was  that  of 
byihr^IysiR  By  re|K*atcd  ervHtallisiitionH  fnua  watei,  alcohol,  and 
elber,  he  Rei^i rated  the  eon.stituenUs  of  hi.s  riskhi  Jhr  and  found 
they  were  anndn-acids  of  two  clanseH,  whicli  wc  may  term  A  and  IJ. 

A.  TlieHe  e(aii]u48eil  over  iSO  jicr  cent.  i>f  llie  lota!  weij^lit:  in  tlicm 
the  pn jpj r t iiUi  N  :0  —  1:2,     T\  1  c}'  cu uk i  ^ te(  I  o f — 

1.  Auiido-acids  of  the  series  t_*nli^in  \  \^^\ 

The«e  he  called  letteimA.  They  inchuled  ahunue  (('  =  :!)  in  8nutU 
qoantitieH,  prnpalanine  or  aniiihdiutyric  acnd  ((^^4),  hulalauine  or 
iltiid  oval  eric  acid  ((!  =  5),  huth  In  rousidenihle  nmnunt,  aud  hniciue  ur 
auudc>cai»roic  acid  (r  =  G),  in  very  lar«^a^  <pinutilics.  (  Hycc/cine  or  anrido* 
acetic  acid  (C-2)  wan  not  foniuK 

2.  AinitJo-acidji!  of  the  HcricH  *^'„M>n-  |N./>. 

Tliese  are  amido-acitla  of  the  aery  He  Hcrics,  und  were  called  /nftrtnn^. 
Here,  t<Mi,  the  term  which  was  must  alnnnlaMtis  \]ml  in  which  ('  =  0,  hut 
biidies  c4jrresjM aiding  to  C  — 4  or  5  were  alsn  fnund. 

3.  Anuilii-acids  of  the  serien  tuH^nNJ^,  or  H(nnc  nnUliplc  nf  this. 
To  these  suhstancea  he  gave  the  name  nf  ffhfaf'/trotfht.^,  Km  account 
of  their  sweet  taate.  The  most  alnnulant  at  these  were  thowe  in  vvhitdi 
C=9  oT  7,  or  some  nmltijile  i»f  tiiesc  nundjcrs;  hut  others  in  which 
C=8,  10,  and  11  were  alsu  isolated, 

B.  Thet^e  cnnipriHed  al>out  Iti  ]ier  cent,  of  the  total  wi^ij^ht;  in  them 
tbe  pr<i|H»rtiun  ^:U=^  1:4,  or  1:4,  or  2:5.     In  this  class  were  humd — 

1,  Tyrosine;  the  ammujt  of  thiw  was  afiout  rV5  per  cent, 

2,  Tvroleueine,  CjHijNO,,  in  alxait  tlm  si^me  ([uantity. 

3,  Very  small  quantities  of  glutaminic  acid,  (V'Isj^^^V  ^  ^'^^  ^^  *^" 
lirtififlllj  inactive  amido-derivative  of  nne  of  the  jpvrotartaric^  acids 
^tarie). 

Of  these  suhstances,  Schut/erdicrger  fmmd  v^irying  ([uantiticH, 
tocording  to  t!ie  degree  to  whi(4i  tlic  hydndytic  dei'nm position  had  hceii 
nrrieti  out.  The  more  thor<nigh  tlic  hydrolyw^itinn,  the  more  leucines 
Uid  leuceines  were  found ;  hut  in  earlier  stagen  gluco-iumteins  were 
in  excei^R. 

other  proteids    he  (J»t4iiHed   ciirreHi*uniliug  results.      Gelatin 
same  substances,  with   the  additidu  i»f  ami<lu-acctic   acid  or 
^''0  to  25  per  cent,  nf  this  suhwtanee  was  ol^taiued. 

ide<l  that  the  albumin  mnlecule,  under  the  action  of  harium 

es  ammfuiia,  carhonic  anhytlride,  acetic  and  oxalic  acid,  and, 

Irated,  forms  in  the  tinst    instance  ghic(>-prnteiTis,  mainly 

1  C=9,  or  some  inultiple  uf  this,  and  tliat  on  further  action 

jed  into  leucines  and  leuciiines. 
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2.  Trmtmm  k  acids. — ^Pruloiiged  liEMitiiig  of  proteids  with  dilutis 

acids  resiiltrK  in  fir  hydration  aud  tho  foriiiaitnn  of  ]iroteo3es  and 
peptone.^  Strong .  ids  produce  the  saxiiP.  olTect  at  the  otilinary  tempera- 
ture in  the  c^iurse  >f  a  few  day^.-  Thia  method  fias  the  dis^^tdvanUigi^ 
that  strooi^dy  coir  red  niatcriiils  make  thoir  apj^earaiK-e,  and  to  avoid 
this  Hlasiwetz  and  Haliennann^  intmdueed  the  imiH)rtant  uioditication 
of  heating  wiLli  strfj  ig  hydrnchloric  aeid  and  .stannrjut;  (diloride,  l»y  which 
pale  yellow  solntio  ig  were  ohUiined  withuut  a  trace  of  eliarrin^^.  A 
certain  amount  of  eduction  oeeurred  durinc^  tlie  operations,  leading  to 
the  formation  of  stannic  chloride.  These  niethoflt^  yielded  tlie  folbmin*^ 
substance  s : — 

(1)  Aiiiiuonia ;  (2)  an  aniido-acid  of  the  acetic  serten,  namely,  leucine ; 


(3)   two  anudo-aci<lR  nf   ^^" 
(C4H.NO4,  itinido-succ: 
pyrotartarji'    u^-iil),    1 
oxypheny  lalan  1  nc, 

Ritthatisi  ti  *  wa.s  tl 
from  protf'idet*     He  ai 
product  of  vegetable  pi 
casein,  albuiuvn.and  oti 
was  IcvorotaUirVj  whil 
small  quanlities  11  nd  w 
barium  hyilniOs  ho  we? 
the  inacti\<."    form   if   unifW^ 
Penicilliuht  tjlanmm^  is  transi.... 


..«.tfi; 


namely^   a^jxira^^dnie    ncid 
ainic  acid  ((.^If,,NO,,,  aniido- 
aiaount;    (4)    tyroi^ine    or 


iiiic  acid  autl  nspiiraginic  aeid^ 
►t  Klutaminic  acid  was  a  typical 
I  llabertuann^  obtaincil  it  from 
ci  glutaminic  atud  they  isolated 
itzeiiborgcr  was  only  found  in 
f  boiling  the  active  form  with 
Jic  inactive  form,  ami  further, 
\  under  the  aetimi  of  the  mould 
he  opticulJy  active  modificatioo.*^ 
Employ  in[^'  the  same  method,  h  or  Daczew^ki^  ehtiimydleuciuej  glutamhiic  acid, 
andglycocinc  from  gelatin,  but  no  asparaginic  acid  or  tyrijsint*.  Hofmeister/ 
however,  c^litairicd  J='niall  ciuantitie^a  uf  aq>araginic  acid. 

Fromelastiii  were  olUameil  atnmonia,  h-ucine,  tyrosine,  glycocine,  hutalanino 
(Cf^HjjNO,,,  liniido-valeric  acid),  but  nu  gkitiniiiiic  or  asparaginic  aeids.'* 

From  rt  liculin  (a  smbi*tanc«i  separated  from  reticular  ti.^f<ue)  were  obtained 
ammonia,  i^ul|ilmretted  hydrogen,  aud  amido-valerie  acid,  but  no  tyrosine  or 
glutaminic  acid  {Siegfried). 

By  thceniploynient  of  the  same  method,  lirechKel^^'  ban  diBcovered  two 
new  subslances,  which  are  of  Hpeeial  intercRt,  He  lH?gan  by  studying 
the  quantilics  *>f  nitro^ronouB  lushes  wbieli  uther  olkserverF^  had  idiLained; 
and  if  he  asHiuiied  that  nnly  one-half  ttf  theye  had  been  innlatcfl  tliere 
still  remained  about  ^iO  [ler  cent  nf  the  nitnigen  of  the  prnieid  t<»  iie 
accounted  for.  He  pointed  out  alsn  that  i^chutzenberit^er  ohtained 
carbonic  anhy<hide  by  biB  method,  and  that  Hlasiwct^  and  Halau'niann 
did  n(jt  by  IbeirH.     He  argued  from  this  that  there  nlaadd  be  stune  otfier 


*  Xeunieister,  Ztschr.  f.  Biol.y  Miinchen,  Bd.  xxiii.  S.  381. 

-  Set'  Brodio.  Scirnre   J'roiinss,    London,  1895,  vol.  iv.  p.  67. 

•'  Ann.  d.  Chcm.y  Lcip/i^r,  1873,  lid.  clxix.  S.  150.  In  a  i»;n»er  jtublishcd  previous  to 
this  y>y  the  saiiic  oltseivors  {ibid.,  Bil.  clix.  8.  304),  they  souglit  unsuccessfully  to  csUiMish  a 
definite  relationship  between  proteids  and  carbohydrates. 

-^  Journ.  f.  2^rakt.  Chchi.,  Leii»/.i;,',  Bde.  xcix.  8.  454  ;  cvii.  S.  218. 

''  Silzu/i(jsb.  d.  k.  Akad.  d.   Wissaiscli.,  Wien,  1872,  Bd.  ix.  S.  114. 

^  Bar.  d.  dmlsch.  dwrn.  Gc^cUsch.,  lierlin,  Bd.  xvii.  S.  388.  Similar  changes  in  the 
optical  varieties  of  leucine  :ind  other  substances  are  similarly  jtroduced. 

'  Sitzumjsh.  d.  k.  Akad.  d.   irisscnach.,  Wien,  1880,  Abth.  2,  Bd.  Ixxx.  S.  101. 

«  Ztschr.  f.  phi/siol.  Chan..  Strassburg,  ]k\.  ii.  S.  299. 

•'  Horbac/.ewski,  SUzujkjsJj.  d.  k.  Akad.  d.  Jrisstnsch.,  Wien,  1886,  Abth.  2,  Bd.  xcii. 
S.  657. 

^"  "Der  Abbau  d.  Eiweissstotfe,"  Arch.  f.  VhysioL,  Leipzig,  1891,  S.  248. 
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flabatanGe  procliicecl  l>y  tlie  latter  iiiethud,  whieh  f^htJiiltl  yield  earliomc 
tnhjrdritle  on  treatment  witli  an  alkali.  A«  lie  rnii^^ideivd  it  pmUiblc 
that  this  substance  inirrlit  he  Ui^w,  he  enileavtuired  to  isnlate  it  as  a 
precipitate  by  meaim  f>f  plM»H]>lintiuig.stic  aeid,  a  reagent  wliieli  is  of 
great  value  as  a  preeiiiitaiit  of  hasir  or  alkaloidnl  lindiL-R,  By  this  iiieaiiH 
be  succeeded  m  isolating  not  one  hut  two  ha.sen,  which  lie  named  liisim 
and  iifsaiinine, 

L^int  has  the  fornnda  njI^^N.^,,  ami  is  hninnlnqous  with  Jaffe's^ 
omithin  (C^Hi^N/X,,  pmhahly  *liaiiiidnvali  riaiiie  ^leid).  Lysine  is  pro- 
babljr  diaTiudoaipri>ie  acid.  On  healing  it  In  I'iLr-KiO"  with  harinni 
hjdnite,  Ikarinni  carlHinate  is  hinninl  It  will  tltcrelnre  aceoiinl  Inr  Httnie 
of  Schiitzenberger  B  carbonic  anhydride. 

Lifsaiijw  or  l^snttniju',  the  Hee^>iid  liase,  is  e\'cii  nmre  inturesting. 
llB  formula  is  either  CgH4.5N30a  or  Cyij^N/),  and  is  a  Iionirdngue  of 
either  creatine  (CiH^NgO^j)  or  creatinine  (CiH^N^O),  aecording  as  the  ilrst 
or  eecond  formula  m  Uiken. 

It  can  ]je  ohtaiiied  pure  im  a  doidde  salt  o(  its  nitrate  with  silver 
uitrate,  and  tliis  when  lioiled  with  liariiuu  hydrate  lor  twenty-Hve 
miiiat^  yields  urea;  this  is  a  decomposition  exactly  analogous  to  tliat  of 
creatinine  under  the  siune  circumMtanees.  From  10  grms.  of  the 
double  salt  Dreclisel  ol»tained  about  1  grm.  of  urea;  wltiili  is  a  large 
quantity  when  one  eon.siders  that  imder  the  conditions  urea  is  (pii(  kly 
broken  up  into  anmionia  and  carbonic  anhydriile. 

This  is  the  first  time  that  urea  ha.s  been  obkiiiicil  froia  proteiil  in  lalxiratory 
fxperiment&  Many  yea i-s  a^o,  Brchauip-  statt'd  that  ho  htul  obtaiiuid  urea 
from  egg-wliite  by  the  oxidLsing  actiun  of  pijtju*vsiuui  peruiaiigaiirite.  Lijssen^' 
found  that  the  suhstanee  Ui'chainp  tor>k  f^u-  urea  wuh  guauidiue,  whit'h 
piobably  cauie  from  small  fjuantitiew  of  xaiithiiio,  pre.'^cut  in  the  ej^^'white  as 
AD  impurity,  or,  as  Drechsel  *  jKiitiU  imi,  from  lysLitiiiine.  [Jn-rhscrK  method, 
it  is  imjKJrtant  Uy  notice,  is  oir-  of  hyilratiou  ;  not,  like  lirehsntqt's,  one  of 
oxidation.^ 

It  slionld  be  added  that  Dreehsel's  work  was  rfirrif<l  utit  in  the  first 
iDBtaiioe  with  casein,  but  his  pupils  have  diseovered  Iv-Hiue  am!  lysatiniue 
•iiHmf^  the  cleavf45e  products  of  other  proteiila  and  jiroieid-likf  substiuifefl/'' 
and  farther  that  the  wnne  siibst^tuf es  are  fonaed  duiing  p:iiKTC3itir  dij^'estiou." 

IIe<iin  ^  has  more  rcfeutly  arrived  at  the  eouelu^ion  tliat  lysatinine  is  not 
1  thetnical  iudividiuih  but  a  mixture  of  lysine  with  another  biLse  cidlnl 
cigiiiiiie,  Argiiiine  (C,JI^jK,0.^)  was  originally  Hepanited  fnau  vogi'table 
by  Schnhe  and  Stciger,-'  and  stibseqiientiy  it  was  hamd  l>y  lied  in  ''^ 


«  Ber.  (t  d^iUsch.  ehrm.  GtHfifHth.,  Berlin,  IM.  x.  8.  1M25. 
«^»«.  d.ili^in.,  U'l]mi^,  18r.6.  H4*  100,  8.  247. 

*  IHfLt  1880,  BfL  iiOl,  8.  M%     Ikluw  11  BrLhaiup'saiiil  Lonscirn  tiiiie  tlscf|uefltion  wns  in- 
vciiigaied  Uy  Stiidelt-r,  Jout-n.  f.  prakL  f'h'Mt,,  Li'i|i/]g,  isr<7,  Bfl  Ixxii.  S.  "251  ;  Lftcvv,  ibitf., 

1,  If.F.,  Bf\,  ill.  8.  *Ih9;  Tiip[«inLT,  ifml.,  1871,  KM.  dv.  S.  40h  ;  ami  Kilter,  CtwtftL 
1  Aead.  tl,  ^.,,  Furia,  tome  Ixxiii.  \y,  1219  ;  all  of  wliurii  exwpt  HiUt'r  lailed  to  luiilitm 
;hAinp*fl  r^ults. 

*  hoc  cii^ 

*  On  tlie  form  a  ti  on  of  nr«a  by  oxi«lati<tu  fnmi  many  nrjjfatiic  HuliBtLiinics,  src  F.  Hi>fnif!iHUT, 
'*    ^.  €xper.  Path.  n.  PItfirmah/l,,  Loiii/%.  181>7/nil.  xxxvii.  *S,  42ft, 

•cJicr  (from  gelatin),  Iiiau^.  Dish.,  Ij^^iiiisi^',  18f<0;  J  reft,  f,  Anaf,  v.  /7it/i(VV,,  L»i|i;^i<4, 

^  205.     Siegfried  (froTiicouKlu  till )»  L\r.d.  firiifsrh.  rhtm.  (iCSf  ffmh,,  llirliii,  11<I.  xxiv. 

(from  retiuiili!i)j '*  Utili«r  fl.  rhpin.  Ei^^rtisf  Ifcafu-ii  ilen  relii^  KtivvilnvH,""  I/ubilildtion- 

Mmi|^,     1892,       Sie^frieil    alno    oliUiiiM    froiu    cnn;LcUUin    a    swet.^t    subaLaiiLe 

corresponding  t^  one  nf Scbht/piUnr^rn's  (rhuo  prntiinn. 

5.  dt.  «  /^LHir.  f.  phifitii'L  i*hem.,  HtraHHlmr^',  ISJit;,  \V\.  xxi.  8.  297. 

j«.  %i.  S.  43  ;  Ber,  d.  dtnL^i.  chrm.  Ge^U^^h,,  Ut-rliia.  ii«l  xxiv.  H.  2707  ;  1360, 

f.  pfiynof.  Chrm,^  StraNshur^,  VA,  xx.  S.  IM  -.  xxi.  8.  l;»'i  ;  wii.  S.IUL 

'•—3 
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to  be  a  constant         >mposition  product   of    proteids  and  nlbuminuids.      It 
yields  urea  on  tre.*^^^  ^ntof  its  silver  salt  with  barium  hydrates 

Other  recently  ]  iblii^hed  work  on  the  tie  coin  position  of  proteids  l>y 
hydrochloric  a(iid  is  by  R.  Cohn.^  He  used  eoncentrated  acid,  and  no 
stannous  chloride.  ^roni  1000  part^^  of  casein  he  recovered  916-7o  of 
products  ;  these  cons]  ted  of  fatty  at;ids,  34 -25  ;  tyrosine,  35  ;  leucine,  321 ;  an 
oily  product  containi  *?  an  acid,  C^Hj^Ni^jOy,  IJ^O;  pyridine  derivatives,  3*63; 
other  substances,  inch  ding  cystin,  eys^tein,  thiobctic  acid,  *4Jid  Drechsera  base.% 
the  remainder.  mm 

3.  Treatmend  v)\  th  o:LndiMit//  a{jfcnts.  —  Treatment  of  proteids  ^'ith 
nitric  acid  yields,  first,  an  insoluble  yellow  Hubstaiice  of  uncertain 
composition,  called  xauU  '  '  'lia  disi^olves  gmdually,  and 
finally  paraoxy benzoic  the  oxidation  of  tyroHine),^ 
oxalic,  fumaric,  and  s;                                    led. 

Oxidation   by  m&  ^otasBiiim   tiicdiromiite,  with 

sulphuric  acid,  has  y  ^  from  forniic  up  to  eaprylic 

(CgHigOg),  and  their  i  of  acetic,  propianir,  valeric, 

butyric,  and  hydrocyi  acid  and  benzoic  ald(?hyda 

Oxidation  with  chlorii  atm^  other  imidtictB,  fiunaric 

acid,  oxalic  acid,  and  ^vith  bromine  water  at  high 

temperatures  in  a  Sf  caidionic  anhydride,  oxalic 

acid,  ammonia,    broL  Dfonn   (CHHrg),  monobrom- 

benzoic  acid,  mono-  s  ac     5,  tribrumamidobenzoic  acid 

(CeHBr3(NH)C00H),    aRp  1       ilaniinic  acids,  leucine  and 

leucimide  (CgHnNO).     No  tytoBme  was  o,.v.uned.^ 

4.  Treatment  hy  (fvHon  of  fmtt.^-I>ri/  (ifdllintion  leads  to  the  forma- 
tion of  a  complex  oily  material,  calleti  '*  Di^jpeln  oil,'*  which  cout^iins 
a  large  number  of  substtancej^ ;  anmng  these  am  hydrocarbnuR  of  the 
fatty  series,  ammoniunt  saltH  of  fatty  aci<lt4,  nitrates  and  ketones  of  the 
same  series,  carbonic  aidiydride,  ammonia,  amines  c>f  fatty  acid  radicles, 
hydrocarbons  and  aiuiue;^  of  the  lienzene  series,  aniline  ami  its 
homologues,  phenol  and  its  liouiulogues,  menilieis  tjf  the  pyridine 
group  of  bas(?s,  namely,  pyridine  (tV,lI;,Nr,),  jiirMdine  (CJI-N),  lutidine 
(CjHgN),  and  collidine  (C^HjiN),  and  lastly^  pyrr^d. 

Some  of  tlie  substiiiices  last  mentioned  will  niho  1m»  found  in  our  list  of  th© 
animal  alkaloids  (p.  59) ;  here  we  have  direct  proof  that  ]>roteid  sybstaneea 
have  within  them,  or  are  capable  of  formiug  by  iutmiaolecular  rearrange  men  tj 
basic  bodies  of  this  nature.  The  pyridiue  biit^eH  liuve,  uioreover,  been  shown 
to  take  a  i)art  in  the  formation  of  tlie  vegetable  alkaloid^^J  piperidine, 
cinchonine,  etc. 

It  is  extremely  probable  that  proteids  contain  within  their  molecule 
a  radicle  of  the  closed  ring  series,  but  even  if  they  do  not,  there  still 
remains  the  possibility  that  by  the  action  of  heat,  substances  with 
open  carbon  chains  may  be  transformed  into  those  with  closed  rings. 
The  following  example  is  selected  by  Brodie  * : — 

^  Ztschr.f.  phijsiol.  Chnn.,  Strasslmrg,  1896,  Bd.  xxii.  S.  153. 

'  Baiimanii,  Bcr.  d.  dcutsch.  cheni.  Gcseilsch.,  Herlin,  Bd.  xii.  S.  1453. 

^  Hhisiwetz  and  Habennann,  Jjdi.  d.  C/Jum.y  Leipzig,  1871,  l>d.  clix.  S.  304.  Blennard, 
Compt.  rend.  Acad.  d.  sc,  Paris,  tome  xc.  p.  612;  xcii.  p.  458.  This  latter  observer  also 
obtained  L'lnoo-nrotpins. 
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At  190*  dry  glutamiuic  acitl  is  t'niivt3rted  into  pTro^xlutamiuir  acid, 
lod  at  a  higher  teiu],>erature  tiiiH,  iu  turn,  m  cnii verted  into  pyrrol.* 
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/ 


CHs COOH. 

I 

L  (^utAmiuic  Acid} 


COOH 

/ 
CH-— CH 
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/ 
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(;H:crr 

(l-yrrnl) 


The  attempted  synthesis  of  proteids, — SSinro  Wr*liler  in  1828 
fooceeded  in  making  nreu  artitKially  fmm  its  nlenients,  the  strides 
Ui&t  organic  chemistry  has  made  have  ])eeii  pnnli^ncniH.  (  unjjilox 
sitbfltances,  previuimly  made  only  itj  the  living  lahniaLoiy  f>f  jilants 
md  auimaL?,  are  now  maniifaetured  daily  in  the  test  tuhes  and  retorts 
of  the  chemist.  Tlie  snbstannes  of  mrist  imfHotance  to  vital  processe.s, 
the  carbobyilrateH  and  the  prnteidH,  have  Iteen  amnng  the  last  t*i  yield 
hefure  this  advance,  Init  we  have  seen  how  Hugar  has  ijjiven  wny  to 
fSiicher;  and  there  are  signs  that  tlie  last  foinpiest  of  orgnine  ehenit.stry» 
tlie  synthesis  of  proteitls,  cannot  he  far  distant.  T  propftse  to  sketch  one 
nr  two  of  the  principal  attempts  that  have  l»een  niadp  in  tfie  manti- 
hcture  of  allmminous  from  simpler  sniistances. 

SrhiUzrnberf^ir's  rrpfriments. — We  have  iil ready  seen  tliat  the  ]»ro- 
docts  of  decomposition  of  a  proteid  are  extremely  ninnemns,  l>nt  hrielly 
tbey  fall  into  two  principal  groups,  the  fatty  eonipomids  (gen('r;dly  eon- 
taining  an  amidngen  radicle)  and  the  aromatic  cfan}MHinds  <ir  ilcrivntives 
rf  benzene.  To  Schiit:iierdterger^  lielongn  the  credit  of  an  attempt  to 
build  up  from  some  of  the  componnds  he  liad  shown  rotild  he  ohtainnil 
from  alhuinin,  soniethiiig  like  tlie  original  jaotciik 

In  order  to  etieet  the  synthesis  oi  jn'otcid  matertsd,  he  (caisideicd  it 
neeesAary  to  eondnne  a  nioleenle  (4  a  lenrint*  (>>.  an  rimidn- fatty  a  fid) 
with  a  nioleeiile  of  a  leuccine  (an  amido-aeisl  of  tlie  acrylic  scries),  with 
elimination  of»water,  and  then  to  cnmhine  tliis  coni]*lex  gron|>  with  one 
or  more  moleenles  of  nrea  and  oxamide,  also  with  the  elimination  of 
water.  We  have  already  seen  thsit  the  method  he  hail  adopted  for  the 
brealdng  up  of  proteids — lieating  svith  rdk;di — Icfols  to  liy*hn!ysis:  so  in 
my  att4?mpt  at  synthesis  lie  recognisetl  as  a  fiitir  f/if^f  Jit^a  ihe  m*ressity 
of  i«ome  method  at  deliydration. 

The  proWsional  formnla  he  gives  is  tlie  following: — 

dimination  of  eight  molecnles  of  water.     This  wonld  give 


?ntage  composition  ealcnlatcd  from  tlie  formnln 
of  albnmin. 


:rces  clo.^ely 


riLifiaier,  Brr.  d.  devf^i*.  eJtem.  (ks^llsch.^  Berlin,  Hd.  xv,  S.  1*2'22. 
tj4.  rtrsd,  Acad,  d,  hc.,  Vmh,  t'mie  cvi.  ]>.  1107  ;  cxii,  \\  }\*S. 
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Accordingly,  t  lo-compomnl.^,  loucino©  (t3n,Hi<,„4-iNCJv),  and  leucijinoa 
(CnHjn-iNOjX  weie  uixcd  with  aliout  10  per  ceuL  of  urea,  tind  finely 
powdered.  The  mix  ur©  wtis  dried  at  110"  C,  intimately  mixed  with  1*5 
times  its  weiglit  of  hosphuric  imhyilnd^?,  tiiid  heated  in  an  oil  iMith.  At 
120*  C.  thero  \^  no  change;  at  125'  dchydmtion  takus  place  rapidly ,  ami 
the  mixture  becomes  laaty,  but  solidifies  to  n  comiiaut  solid  mass  without  any 
darkening.  Tlds  is  [bsolvcd  in  wateij  the  solutirm  mixed  with  exe.es«  of 
alcohol,  and  the  paj  ty  precipitate  so  pr^jduced  wsished  with  alcohol  and 
re-dissolved  in  water.  Phosphoric  acid  is  removed  by  Ijmryta,  and  the  filtered 
liquid  when  rouccntmt<!d  yields  an  amorphous  product  soluble  in  water,  but 
precipitated  in  a  curdy  form  on  the  addition  of  alcohol 

Aqueous  solutions  of  this  pniduct  are  precipitahle  by  most  of  the  other  pireei* 
pitants  of  proleids  ;  it  gives  the  biuret  m\A  the  xarithi>proteic  reactions.  AV'^heu 
burnt  it  gives?  the  cliamt  g  nitrogenous  animal  matter. 


e  all  the  proteid  reartions; 
tic  ai.'id  and  ferroeyrmidt?  of 
d  nature  is  oiherwist^  tianlly 
telds  are  ji^tveii  by  many  of 
ijiHtk*r-  The  partial  suceeflfi 
future  attempts,  and  so  far 
^g  urtuk  theory  of  prnleiil 
nlly  have  lieeu  antiei}ialed 
18  were  takt^n  to  ensure  the 
in  all  proteidn.     Moreover, 


The  produet  he  t 
it  is,  for  mstancx\  r 
potassium;  juid  tht^  i 
conclusive,  because  t 
the  decompo-sition  pi 
obtained  will,  howeve 
as  it  goes,  In  iti  fa\ 
constitution.      Conip. 

from  such  an  experiii  .iie 

presence  of  8ulphur,  an  e.  .^n 

in  the  syntbeisi.s,  no  aromatic:  auir.Tnanc-t  was  introduced;  this,  how* 
ever,  is  not  alj-solutely  necessary,  sm  t!ie  formation  of  aromatic  from 
fatty  compouudg  liy  be^it  is  a  familiar  chemie-iil  ehant^e  (nee  p.  34). 

GrimaiLf:\-i  cxpertmerds. — Some  jear8  ju'evious  to  Schutzenbergers 
work,  Grimaiix  ^  had  obtained,  by  somewhat  Kim]der  prrK?esaea,  subst^uic^'s 
which  even  more  resembled  proteid.s  in  tbeii*  reacti(uia  than  Seblit^cu- 
berger's.  He  was  engaged  in  studying  the  properties  of  certain  8ub-  , 
stances,  inoi|^anic  and  organic,  which  he  tenuod  "  coiltMas**  and  of  thoae 
which  he  prepared  the  three  whicdj  especially  bear  on  the  present 
question  arc  the  frdltwing:— 

{a)  CvJIttlih:  nmi^hthtjizoiqtff.—Thm  is  mmh  by  heatiii|u%  to  125"*  C., 
nieta-aniid(>l>cnzuic  acid  in  a  .sealed  tube,  with  fum  and  a  half  titut^s  ita 
weight  of  phiisphorus  pentachhu'ide.fiu'  niiiety  nnnutes.  The  product  ia 
a  white  friable  powder;  this  Ih  waHbed  repeatedly  with  boiling  water  to 
remove  all  iibo>^phoric  acid  The  reniuinin^  subst^tnce  Giimaux  snppof^cs 
to  be  an  intram*tleeu)ar  anliydnde.  firrmed  by  the  onion  of  several  mole- 
cules of  mela-amidobcnzoic  aci<h  with  tlie  elimimUion  of  water.  When 
anniionia  is  adiled,  it  di.sHnlves  slowlv  in  the  intld,  \\ul  nqiidlv  on  lieatiui:. 
Tlie  solution  obtanied  is  evaporated  ^?i  vacuo,  at  a  low  temperature,  and 
the  resulting  solid  is  a  transparent  jelly  which  dries  into  translucent, 
yellowish  })lates,  which  in  their  physical  properties  resemble  dried 
serum  albumin. 

(h)  A  colloid  which  is  similarly  prei)ared,  except  that  the  temperature 
in  the  sealed  tube  is  allowed  to  rise  to  V^^  C. 

('•)  (\tlloide  asjKirtiqiif. — This  is  made  by  the  action  of  a  current  of 
gaseous  ammonia  on  solid  aspartic  anhydride,  heated  to  ITO""  C.     The 

'  Co)„i>(.  rcul.  Acnil.  //.  .sr.,  I'aiis,  tome  xciii.  p.  771  ;  xevii.  }»p.  231,  1336,  1431,  1485, 
ir»40,  ir.78;  AVr.  scicU.,  Paris,  April  IS,  1886;  tliis  nrticli*  gives  a  sumniary  of  the  otlier 
pa  I  ►ITS, 
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product  18  wai5h<.^d  with  water,  aiul  after  evaiioratiriii  in  racno  yields  a 
labetance  similar  in  appearance  to  the  euUoid  {it). 

In  all  three  ea^es,  heavy  molecules  were  foriuetl ;  and  in  all,  the 
result  was  a  colloidal  suli^tance,  exhihiting  many  of  the  properties  of 
pniteids.  In  the  e^se  of  the  first  two  eolloids,  there  was  present  not 
only  the  amidiigen,  but  also  the  aromatic  radiele.  Although  tlie  result 
]l  not  albumin,  the  resemhlance  l>etween  the  phyBieal  properties  auil 
ohemical  reactions  (»f  iiroteids  and  of  these  syntliesised  eollnidB  is 
lemarkably  cloae.  i'iekering  ^  has  fully  eonlirnied  Grimaux's  reKolts,  and 
has  added  new  facts  ilhmtrathig  the  poird^s  of  Kimilarity  hetween  them 
And  proteiils. 

The  chief  of  these  are  as  foUowH: — 

L  Al\  i^ivo  the  xanthoproteic  reaction. 

2.  With  enpper  Huljihate  and  cauHtie  potash,  <Tf  j^ives  a  Itlue-violet ; 
\nU\  e,  a  typical  violet  cohmition,  like  tliat  given  hy  allannin. 

3.  Theii'  solutions  do  not  eoagukte  im  heating  in  the  absence  (»f  salt; 
if,  however,  a  trace  of  a  sizable  barium,  strontium,  or  (udciuui  salt  18 
present,  opalescence  occurs  at  56'',  and  c<*agulatiou  at  T^*"  C. 

4.  Tlie  cidloids  are  renioveil  from  Hobition  (rising  to  the  sm'face  of 
the  timd)  by  saturation  with  magnesium  sulphate,  sndioiu  chloride  or 
ammonium  sulj^hate.  Here  they  es|>eciaily  resi'juMe  the  elass  of 
poteidd  called  globnlins. 

5.  Another  resemblance  to  glolndins  is  seen  in  their  behavit>ur  to  a 
Btream   of  carlHjnic  anliydride,  which,  in  tlu^  ] presence  of  Sidts,  canses 

i|jitation.     The    passage  of  a  current  of   air  Ihniugh  tlie   mixture 
issolve.s  the  precipitate. 

6.  The  coUiud  h  is  not  digested  hy  ]iepsin-hyilr<K'lil(nic  acid;  a  is 
slightly  digested  ;  c  is  easily  digested,  aird  the  snlutinu  gives  the  tyiui-id 
peptone  coloui'.  pink,  on  the  addition  of  co]>per  svdphate  and  ciiustic 
pcitaab. 

7.  Any  one  of  the  tliree  colloids,  when  ijdravennusly  injected  Iido 
auiniaU  (rabbits,  eats,  ilogs,  rats,  guinea-] ligs)  causes  extensive  iutra- 
vaHcuIar  coagidatirm.  In  a  typieal  experiment  di^atb  is  due  to  n'spiratniy 
failure.  In  this  priit>erty  of  the  prnteid  like  collnids,  which  was  4li8- 
coverer.l  by  Pickering,  they  closely  rcsendjle  the  nueleo-proteids  (see 
p.  67).  The  resemldance  to  the  action  of  the  nucleo-]>rf»teids  extenrls 
even  t4»  minor  |>oints;  for  instance,  neither  eause  intravascular  clititing 
in  albino  raldats;'^  and  in  dogs  very  minute  dnses  indeed,  cause  a  slowing 
ft  the  rate  <if  coagulation  (Would ridge's  negitive  pfinse). 

The  artificial  colloids  do  not  resemide  nucleo-prnteids  in  promoting 
the  formation  of  tibrin  in  solutions  of  tihrinogen. 

If  nuclcfHproteids  and  these  collnids  both  pmduee  the  same  etVect  in 
the  same  way,  tlieir  pbysiidogieal  activity  is  probal>ly  ennnet^ted  with 
the  presence  of  some  radicle  conniion  ti»  botli.  Tbe  enlloidul  condi- 
tian  will   not  explain   the  action,  since  nu>st  ctdbnds  do  not  act  thus. 

g,  J.  W.,  Joum.  Physiol.^  Camliritlj^e  ami  Lc^mlmi,  voL  xiv,   p.  'Ml  \  xviii. 

•ing  iind  Halliburton,  iW.,  voL  xviii,  p.  285.     Mure  rirtiintly  l*kkerinp  liaH 

making  neveral   now  proU^iiJ-Hke   Ltilkiids   {Proc.  Ih/tj.  Stfcl  Lwidmi,   1S96, 

\.  has  been  worke*l  out  by  Piikcriii^  alsti   in   llin  oa.^e  of  Ww  Arctif  liare. 

no  j4tig<i  rhftlie  animal,  iiintber  rmrhm  proteirls  1101  .HyiithesiHHl  loltoids  f?Lijs« 

•<^iltttioJi,  b^it  during  their  iri;j:i)i<niti'd  HtftL^e-  iiitiava^cnbir  1  ija^nlAlion  i« 

*«nal  way.     The  chani^e  in  Ibi*  extprnnl   Hiiptavamv  of  tin-  animal  is  tbus 

chauges  iu  itB  constitntiun  {Jtjum.  Phi/sioi.,  L'tiniV'i  irl^r  lunl  lA>nibiii, 
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The  active  mdicie  t  iiiiot  bo  \m\^  wlticli  conUiiis  phnsphoruSj  since  the 
synthesize^!  CHlliiids  ue  free  from  that  element.  It  may  jicissibly  1»e  the 
amido-fatty  raiHiIe    j  a  high  .ntate  of  condensation, 

Lilienfeld  niid  Wo  kowicz,i  by  the  coiideiisati««ii  ijf  smiido-iicid  compounds, 
have  obtained  sidistai  .ts  which  res^enible  proteosee  in  tlieir  rerti^tiong. 

Theories  of  pr  taid  constitution.— Tlie  viewH  of  Scbiitzenberger 
on  this  sultjrvt  wi  fiavo  bet-n  jj[jitbtti'L'<i  from  the  preceding  section. 
There  now  n3main  n  l)e  nientioiieil  Hionie  other  thcnries  on  the  mjbje<*tp 
which  are  in  [*jn"t  ledurtinnK  fiTiiii  the  work  of  fitliera,  and  i>artake 
more  of  tbi^  itjdure  (»f  Hpetndatiun  than  of  by|«oll]cses  that  have  been 
tested  by  <  xperinienU 

Pfimje/s  tht'ovi/. —  '"    "       "       "         mi   nt*ii-Uvin^^  ]prokndis  and 

living   prolnjilasra    wi  IHlil    hy    liadulplii,^   who 

wrote  :  "  Tiie  i-oinpoiH  mv^  body  do  nut  exist  inider 

the   same   cbeniitMl  yeaix   later   tbe    distinction 

between   livin*^    and  was   eiii]>b?iHised    Uy   Jttbn 

Fletcher.^     rtlujTiir'g  tlic  first  intelligible  one  to 

explain  sue!i  tlitfcveni  oteids,  mich  an  are  contained 

in  white  of  0^:^^^  are  t^'  »  neutral  oxygen  ;  lait  when 

such  proteid.H  jirc  am  le  ]iart  of  a  living  cell^tlie 

molecules  livi*  by  bi  assiioilation  of  a  prf>teid  is 

probaldy    due   tt^   tht  ..ner-like   conibinatioiiH    between 

the  molecult's  of  living  i>r'  e  iisumc^ric  molecules  of  tbe  food 

proteid,  water  l>eing  eliiniiiateo  .  .,.,>^  prfK'^m  of  ]H(lymerifsat!on  ]nTMlnce8 
large  and  heavy  lait  still  Him]de  molecnIe»;  and  iluring  its  octmrrence 
the  nitrogen  i»f  tbe  non-living  prolcicl  leaves  tlie  liyilrof^'cn  witJi  wliicb  it 
is  combined  in  Lbe  fnrni  nf  aiin<logcn  (NH.),  suid  enters  into  conibination 
with  car])Mii  iu  form  tbe  much  more  unf^lable  subwtan(*e  ryannge!!  (TX). 
We  thus  ItHil  uric  atad,  creatine,  guanine,  etc.,  as  ]noilacts  ol'  proteid 
metabolism,  while  none  of  sucli  eyaiJogen-con tinning  molecules  are 
ol)tainal)lc  frmn  non-living  }rrotciib 

PlbiL^ei  s  tlnMiry  \va.s  put  for  wo  id  in  1876  ^  but  in  tlic  light  of  Drechsel's 
]at».*r  work,  th*-  purt  iuvnlving  cvelmuj^e  of  nilrogeu  betwci^n  cyunogen  and 
amidoireii  i-  li-ndi  n-d  uidikilyjund  with  tlmltlii*  whult'llu-ory  must  probably  fall. 

Lonrs  iliiiif'f/, — The  reseanhes  of  Lt^ew  and  Hokorny^'  have  t^iken 
the  same  dirrctirui  as  tliose  of  rfliigor,  in  that  they  are  aLiem]it«  to 
explain  tfn'  ilistiuidion  between  living  and  dead  protoplasm.  Living 
proto])lasm  <>r  prutcid  (in  tbe  cells  tif  various  aV^i})  ]\im  Ihc  prnpiorty  of 
reducing  silver  hiim  a  weak  alkaline  stjbslinti  <if  silver  nitnite;  ilcafl 
j)roteid  has  no  such  eti'ect ;  animal  protoplasm  is  so  quickly  killed  by 
silver  nitrate,  that  it  does  not  give  the  reaction.  The  conclusion 
formed  is,  tbat  sometbinj'  of  the  nature  of  an  aldelivde  occin's  in  hving 
j)rot<i])lasni.  Formic  aldehyde  is  pi-oba1)ly  formed  in  jdants  by  the  union 
of  carbon  and  water:  if  this  is  unite<l  to  amuKHiia,  aspartic  aldeliyde  is 
formed,  thus  : — 

^  Arrh.f.  Aiuif.  ('.  I'husiol.,  Lnip/ipr,  is<>4^  Pliysiol.  ALth.  S.  3So  aiitl  o:'5. 

-  "(innidriss  dor  IMiysioIo;^!*'."  1S21. 

^  •' Kiulimonts  of  I'livsiolo^ry,"  K«linl'Ui;i,'li,  1S37. 

*  Arch./.  (l.(/es.  r/tys^ioL^'honn,  Ikl.  x.\s.  25 1. 

^  "  I)i<^  fliciii.  Kialt<nn'lle  ini  lelicndcn  riotoj»]asiiia,"  Munit'h,  1882.  Loi-w's  most 
recent  views  on  tliis  snliject  will  be  found  in  a  recently  jaildislied  ]ianiphlet,  "The  Knergy 
of  I.ivin:,' Protojdasnj,"  I.ondon,  ISOt). 
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4CHOH+NH3  =  NH2.CH.COH+2H,0 


=  C\,Hi,N304+2H,0 


CH.COH 
Br  polymerisation  of  aspartic  aldehyde  we  have^ 

rNH^CH.coin 

1        CHjCOh/ 

Ittd  by  further  polymerisation  in  tlie  presence  of  a  sulplutr  comiKiund 
and  hydrogen  we  get 

which  represents  the  composition  of  ordinary  allmuiiiL  If  such  an 
aUieliyde  does  exint  in  *'  living  proteiil "  its  instability  is  explicable, 
kwailfie  molecidar  movements  would  be  constantly  occnrring  in  the 
lUehyde  group. 

The  theory  is  ingeniouis,  but  an  obvious  object itni  to  it  is  tbat  it  ji.ssiniies 
the  empirical  formula  above  given  for  aUniiiiiii  to  lie  tht?  rorrect  uiie.  The 
theory  has  heen  adversely  criticised  by  lliiuriijuiii  ^  whu  [luiiiU  nut  llmt  idde- 
hydes  are  not  the  only  substaiK^es  that  reduce  alkoliuo  solutions  of  silver 
nitete,  but  that  many  organic  substances,  such  as  i>yrogalltib  rcsorein,  hydro- 
ehinon^  pyrocatcclmic  add,  alloxan,  and  inoriihiiie  ilo  so  also.  It  i^  stat4>d, 
moreover,  by  Kretzschmar-  and  Griththfi/^  tliat  >>oth  livin;j[  and  dead  prolo- 
plism  give  the  reaction. 

Lathania  theory.^ — This  is  to  some  extent  a  combination  of  the  two 
JQSt  descriljcd,  Latham  couRidei's  livinj^  ji  rote  id  to  be  cnm]ioHcd  ti>  a 
diais  of  cyanalcohols  or  cyaiihydrini^,  as  they  are  often  called,  united  to 
i  benzene  nneleuB. 

A  cyaimkohid  m  a  substance  obtained  by  the  union  of  an  aldehyde 
with  hydi-ocyanic  acid ;  for  instance — 

ch,,coh+hcn=cii,,(;h(('N)uii 

(ethaldehydii)  (hydro-      (cyaiietliylic  alralidlj 
cyaiiiic  acitl) 

Other  alcohols  are  formed  from  other  aldehydes,  and  these  ate  all 
united  to  one  another  and  to  bemcene  to  form  a  proteid. 

Latham  shows  tliat  the  varimis  |>roduc'ts  of  tbc  disintegratitm  of 
albumin  can  ako  Ik?  obtained  by  the  condeufiation  ami  iutrarmdceular 
changes  that  tliese  cyanalcohuls.  wliicb  are  exceedingly  unstable 
substances,  undergo.  Instability  and  ]>rniH*ness  tn  undergo  intra- 
moleeidar  changes  are  two  jiroitcrtics  coninion  to  "living  proteids"and 
to  cyanalcohols. 

General    properties   and  reactions    of    proteids. — SobihUitirH, — 

All  proteids  are  insoluble  in  olcobnl  und  ether.      Snnni  are  soluble  in 

water,  others  iuscduble.     Many  of  tlie  hitter  are  suluble  in  weak  saline 

Some  are  insoluble,  others   Sdlubk-    in    eoiKentrated    salijie 

It  is  on  these  varying  solubilities  tirut  proLeiils  are  classihcd. 

.;uteids  are  soluble  with  the  aid  of  beat  in  foncentrated  mineral 

icial  acetic  aeiib  and  in  cjiustie  jdkjilis.     Such  treatment,  bow- 

•^  gu,  Phimd.,  Bonn,  \SS'l,  HiJ.  xxix,  8.  400. 
'".  a^U.  Cfum.,  Lei\*7\g,  1S82,  p.  830. 
w,  Londoij,  vol.  xlviii.  ji.  179, 
,  Jourii.,  Loudon,  lS8t>,  vul.  i.  p.  629  ;  Lancet,  T.dtidon,  1SS8,  vol,  ii.  \k  ^''1* 
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ever,  decomp* >h es  tis  ' el  1  tis  ilissul v es  tl  le  pro bei d .  Pro teids  are  also  sol  iibk 
in  gastric  ami  paix  -catie  jideee,  liut  liere  agjiiii  tliej  undergo  a  change, 
being  converted  intr;  the  hydrated  varieties  uf  protuid  known  as  prfiteoses 
and  peptoiuiR,  Suliitinns  of  the  pmteids  are  pretvi  pi  tailed  by  a  large 
number  of  reaj^^eiit^,  hut  t!ie  ])roteoweH  and  peptones  furnish  maiiy  ex- 
ceptions to  this  Btat  inent. 

The  principal  prreipiUintB  of  proteids  are: — 

1.  Stron^^    niineial    acids,    especially    nitric,    niet.apliot>]»hnric,    and 
phosphotung-stic  aei<  a 

2.  Acetic*  fi.(!id  with  potaa,^iuni  fcrioeyanide* 

3.  Acetii*  nr  (jxahe  acid,  witfi  cxcckh  uf  certain  neutral  futlts,  such 
as  sodium  sidpliate,  fiudium  chloride,  or  magnesiiim  Kuljihate. 


tl  acetate,  nieroiiric  chloride, 
loride  or  acetate,  pobodsio- 
rhe  preci])itatefi  ctnit^iBt  of 
I  anion ot.s  of  tlie  metah  in 
of  the  nuitrd  l^y  a  Btrciim 
}coveral)lc  in  an  luiclianged 


Ic  tijgetlior. 

\v  scHhomagne«iuni  sul|»hate, 
|irecil>itaLei!«  arc  Bohiblc  on 
aiC  Bllijpcnilcil 


4.  Salts  tit"  the  he 
silver  nitrate,  copper 
mercuric  iodide,  Hodi 
the  proteid  in  coin'^ 
the  form  of  alhinniii 
of  sulphuretted  )ndr 
form. 

5.  Tannin ;  or  tan 

6.  Saturrdion  wit 
or  potassium  aceUibt 
diluting  the  snlution  i 

7.  Picrir/  acid. 

8.  Salicylsulplionic  acid. 
1).  Trichlnracetic  acid. 

10.  Alcoliiil,  except  in  the  prcsciicc  of  fn-c  alkali,  when  the  proteids 
are  slightly  Kohihlc  in  hot  alcohol. 

The  precijiitate  given  by  the  ]»rotc(»se^^  is  in  many  mf^ew  (as  Mnth 
nitric,  trichloracetic,  and  HalicylKulpliouic  acid,  or  with  acetic  acid  and 
})()tas8ium  h*rrncyaiddc)  jHulublc  on  lu^ating^  hut  rc'ap]ieaii^  when  the 
solution  coiils,  llie  greater  nundwn^  of  the  reagent!^  mentioned  do 
not  ])reci})it;itL*  pepttHie.  It  in  preei|iilated  cnmplctely  hy  alcohol^ 
tannin,  and  potasHiu-mcrcuric  iiKliile,  und  iin  nTiijdetcly  hy  jihospho- 
tiuigstic  and  ]*hoHphnni<>lybdic  acids. 

The  following  are  the  mcllnMls  iincd  tu  remcivc  all  prnteid  from  a 
solution  : — 

1.  y/r//>7->  V  mfffhof^^  consis^ts  iu  the  alh^rialc  adflrtinii  o{  hydriRddonc  siciJ 
and  potassio  im  rcnrlc  iodide, 

2.  Girf/tfiiif/hn^iimetltofl'^  eon^iwLs  in  the  adilitiiHi  of  Kuvliuni  chloriilc  nrnl 
tainiiii. 

.*}.  Ihrotti's  mctliivL^ — This  consists  in  boiling  an  acidulated  solution 
of  the  proteid  witli  excess  of  ammonium  sulphate  crystals;  all  proteids  are 
j)reci[)itatcd  by  tliis  means  except  i)eptone.  IVoteoses,  if  ])resent,  arc 
j)r(;cii)itate(l  but  not  coagulated,  and  can  be  extracted  from  the  precipitate 
l)y  water. 

4.  7?//  trirhlorarefir  arid. — This  method  consists  in  adding  to  the  solution  an 
equal  vohnne  of  a  10  per  cent,  solution  of  trichloracetic  acid,  boiling  and  filtering 
hot.  Tlic  filtrate  cmitains  the  proteoses  and  peptone,  if  these  are  present,  and 
the  precipitate  contains  the  other  proteids.     This  is  by  far  the  most  rapid  and 

^  Sihiingsh.  d.  h.  Akad.  d.  IVisxrnsch.,  Wieii,  1871. 
*  X.  llcjtcri.f.  PJiarm.,  iMiinchen,  \\(\.  xxii.  S.  557. 
■^  Zt'ichr.  f.  pJnjskd.  Chrm.,  Strassburg,  Ikl.  xv. 


GESERAL  PI^OPERTIES  AND  REACTIONS  OF  PROTEIDS,  41 

ttjople  method  of  separatiii^^  the  two  classes  of  proteids.^     If  Ixdliii*:;  is  omitted, 
the  pruteoees  ure  in  part  pri*cipit4iLed  also  (C,  J.  jMartin)- 

5.  The  alo  ihol  nu^thmL  — T  f  1  e  s  o  I  ii  ti  i  m  is  re  1 1  dereil  faintly  ar  id  w  i  th  ac  etir  aci  d, 
uqJ  several  times  its  volume  nf  alisoJute  alcohol  are  addeil  After  twenty  four 
hours  il  Ls  lioiled  xmA  filtered  ;  the  hltrate  is  iirotcid-free.'  Thf  action  of  alt;i>liol 
on  proteids  ia  peewliar ;  it  [trcciiiitate^  protciiji*  in  the  cold  ;  and  the  jnecipitiite, 
iltrished  free  from  alcohol,  is  found  to  he  reailily  siilnhle  in  suiUiljle  reagent* 
ioeli  118  saline  fe^»lnlion.  Hut  if  the  precipitate  i.s  left  in  contiict  with  the  alcoliol 
for  days  or  weeks,  the  soluliUity  of  tin"  precipitate  is  lost;  the  precipitide  has 
been  converted  into  a  eoagulum.  Tins  loss  of  noluhility,  however,  does  not 
oocur  vrith  proteoses  and  peptone,  and  thus  this  is  another  very  K^xwl  though 
Ivdioas  ineth«3<i  of  separating  native  proteliLs  from  prfKhicts  <if  proteolysis/* 

6.  Saiit'iflsiilphitfrif-actd  imihffd^ — This  is  reronniieuileil  by  Me  William.* 
Hie  reagent  pi-ecipitatc!*  albumins  and  glohuhns;  on  heating,  the  precipitate  is 
ooagulated.  The  .same  reagent  precij^itjit^s  jjroteoses  ;  on  heating,  the  precipitate 
duKolves^  and  re-appears  on  cooling.  The  reagent  does  not  precipitate 
peptones 

7.  Bt/  tHniiriij. — In  fiome  eases  the  jiroteids  are  preeijiilated  or  nnn'e  jjroperly 
coagulated  by  hcjiling  after  faintly  aeidnlatirig  the  solutiiui.  This  is  the  case 
with  the  albumins  and  globulins,  and  with  the  prut^*i«ls  which  are  usually 
found  in  morbid  urines,  F*ir  the  separation  (if  native  proteiils  from  iiruteosei? 
aod  pept^ine^,  the  method  is  not  to  Ije  reeomniendeil,  Ix'eausi-  boiling  with  even 
dilute  aeid^  leads  to  the  formatiun  of  small  cpiantities  of  these  pn^duets  of 
proteolvsis.  The  use  of  this  method  lias  thus  prodn<  t'd  many  mist^ikes ;  it  led 
Stnive,  Schmidt  MUlheim,  and  others,  to  the  eoiiclusiuii  that  a  [leplone-likc 
fubstance  exists  in  milk  and  in  hloo<l  ;  and  niorc  recently  Clialiritv'  \\y  the  use  of 
the  same  methcMJ,  has  deserihcd  a  new  proteose-likc  eonstituent  of  hlood 
iemin,  to  which  he  has  given  the  name  *'alhnmcme."  Cliabri/s  mistake  has 
lieen  amply  demonstrated  by  K.  lirunner;''  It  slnnild  be  added  tliat  l)evoto*a 
aeibod  is  not  wholly  free  from  the  same  objection  J 

Fur  iiiiiiiitikitive  jmr|Kises  the  precipitate  produced  by  these  Reveral 
ffetli^xh^  iiuiy  lie  eolieetefl,  waKhed,  dried,  and  weiglietl,  then  incinerated^ 
and  the  asli  dedneted.  Other  nielh<KiH  that  have  been  devised  are 
deoflimetric  metliodB,  in  wfiieh,  after  reniuval  of  the  proteid,  tfie  loss  fif 
specitie  gravity  is  mnltiphed  by  a  eon  slant  fuidor/  an«l  inelhotis  in  winch, 
by  KjeldabrH  pnKXfWK,  a  intrngen  estiinatinn  is  made  in  the  preeipitale 
prtxluced  by  some  precipitjinL  Sebelien^  reconinieiids  tannin  fnr  this 
puriKJse. 

PrtcipikUion  hy  nenlrai  naltn  (German,  Aif>i.<ffizitiiff). — There  are  a 
nuuiljer  of  organic  sidiHtaneefl  wliieb    enn   lie    ju'erijiitateil  from    their 

'  OberronyCT,  i/WiT,  JnJirh.,  Witm.  1S8S,  S.  ;i7;V381  ;  Starling,  Jtmni,  PhtfUtiL, 
CamHrid^  Atid  I^nndon,  v«iL  xiv»  ]\  131  ;  C.  .b  Mai  tin.  {h/ff,^  vob  s\\  p.  37r>  ;  H.dlilairkui 
»a<l  Brnaie,  ffrif/.,  voL  xvii.  [i.  WJ  ;  ilullilairt^jii  and  Culls,  Jmtrn.  Pal  ft,  ftn/f  JJadrntif.^ 
JSdin.  and  I»udiiii,  ]89fl,  vol,  iii.  p,  'IHfK 

'  Hopp*!'Seyler,  *' llamibudi/' S.  U12  ;  Schmiilt.  Afch.  f.  ti.  ifts.  HiffsufL,  Bunn^  r««L 
if.  8*  10:  IJolTiiiJiiJ,  Vitdiwcs  Archh^  IH71^  Nrnt'ijilur,  S.  'IfuK 

'  S.  Martin,  floalHtoniaa  Lpctures,  ErU.  Mr.'L  JvKni.,  Loiulfiii,  1892,  voL  i. ;  (iiiuii?iy, 
Ji^Hm.  Phf/MU4,t  CaniliiM^ti  and  Londtju,  181M,  vol.  xvi.  j».  3:^. 

/.  Joujit.,  lj*jn»loii,  1S1*1,   vol.  i,  p,  837;  I'^t^'i,   i,  p,  115,      Thv  rmtrlion  was 

^crib«J  by  Rnch,  Pharm.  Vcntr.^BL,  Leiji/.ig,  ]S«9,  8.  5411. 

rtmi,  Acad,  d.  jc*,  PaiiH^  tome  csiii.  p.  Uul. 
>ias.,  Bern,  181^4. 
thea.   Bcrl,    klin,    Wehiischr.,    Rd.    xxxi.    S.    351  ;    Hallilnirtoii  and  Colls, 

Zt«chr.  f,  anal.  rVi^m,,  WieN^ftdnii,  1870,  S.  HJ*;  1877,  S,  121  ;    Huppcrt 

tr,  f.  phtfmoL  Chan.^  Strasslmrg,  liil.  sii.  S.  467,  484. 

riii.  S,  135  ;  Konrg  ond  Kiscli^  ^ischr,  /.  nnai.  Chcm,^  Wieabadcn,  M» 
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aqueous  Bolutionjs,  jy  tlie  addition  of  cerUiiu  neutral  yaita  in  large 
quantities ;  in  some  ?aseB  complete  Baturatioii  m  necessary.  In  Bonie  in- 
stances, jiH  ill  the  irecipitation  of  inmates  by  amnioniinn  chloride,^  or 
ammoniuni  Hnlj>lKU  *  the  formati^jn  of  an  LDSohible  compound  with  the 
base  of  the  tsalt  na?  d  will  explain  the  phenomenon.  In  other  cases, 
especially  in  the  cas  of  colloidal  substances,  the  water-attiaeting  power 
of  the  salt  in  moi  i  prohahly  the  explanation.*  The  solution&i  \i^ed 
should  n<jt  be  too  concentrated,  or  the  thick  precipitate  obtained  is 
diflBcidt  of  filtration. 

The  phenomenoi  is  not  confined  to  substance©  of  a  coUoiilal  natvire; 
thus,  picric  acid  is  jU'ecipi table  by  this  means;  so  are  soaps,  espeL!ialJy 
potassium  soaps  by  dodimn  chloride.  But  it  is  in  comiection  with  non- 
difTusible  subatances/-       '  '  "       *^'     jroteid»,  that  the  metliod  ih 

most  used. 

Proteids  differ  frc  d  deal  in  the  readiness  by 

which  they  are  ]«ieciT  uimotiium  sulphate  ailded  U> 

saturation,  iireoipi tat  peptones  ^' and  certain  fiirnie 

of  deuter(faUnmi09e.^  the  same  salt  is  sn  Hie  lei  it  to 

precipitate."  gh>btdins/  n  untl  casein ogen.     Speaking 

generally,  tin^  ^.^InhiiliT  are  more  readily  iiiecij>i table 

by  neutral  ,^ali.s  thai'  globnliUB  are  precipitated  by 

magnesium  fsuljihate  hereuB  allnnuina  are  not,  and 

some  glolndins,  hke  r,  .piwitcd  by  half-HaturHtion  witli 

sodium  chluriile.     If  toe  u  \  carried  out  at  the  teni]>erutm*e 

of    the    air,   the   precipitaiea    ^ ^-as    are    not  cimgulated,   but    are 

soluble  m  suitable  liquids;  and  they  then  again  show  their  character istic 
properties.* 

Hvat  ron^idntmi. — ^The  albumins^  globulins,  and  mnie  nueleo-proteids 
are  coagulated  at  dilterent  temperatures,  by  lieatin^^  their  Kohitions. 
The  temperature  varies  with  the  reaction  of  the  dilution,'*  the  quantity 
and  nature  at  the  salts  present^^  (minnte  (piantities  i>f  calcium  ^dts 
favom-  heat  cnaguktion  as  they  iht  fcrnicnt  coagtdation),"  and 
under  certain  circumstances,  es|iecially  in  an  alkahne  Holution,  with  its 
concentratioiL^- 

'  F.  G.  JJo[ikms,  Journ.  Path,  and  Badcrioi.,  EfliiilmiglT  nntl  Loacbli,  IB\*^,  vwl.  i*  ju 

451. 

^  A.  K<lmw)rjs,  Jottrn.,  PhnnoL^  Can iltridge  siid  London,  1S94- 5,  vnl.  xvii.  p.  45L 

«0.   Na-)?.   Jn-h,/.  d,  ty.^.  Ph^md,^  Bonn,  Bd.   xli.   8.   f»01;  V\  Holnioistrr   niid    S. 

Lewitli,    Af-rh,   f,   fj/*£n    Path,    -u*    PhurtnalaL,    LeiiiEig,    1888^    IM.   xx.    B.    247;   I3IT. 

S.  1. 

■*  On  till  iirucipltitimi  of  collqfd  iMrbftlivf^raffS  liy  s\i]U,  fpo  Polil,  Zij^-hr,  f.  phyyiof, 
Chcm.,  Strasshur^;,  lid.  xiv.  S.  ir>l ;  K.  A.  Young,  *  *  Woe.  l^hysiol.  Soc./' 1896-97,  p.  xvi.  in 
Journ.  Physiol.,  Canil^ridge  and  London,  1897,  vol.  xxi. 

^  Weil/,  Ztschr.  f.  BioL,  MUnchen,  Bd.  xxii.  S.  1. 

'■•  Kuhne,  tVnV/.,  Bd.  xxi  v.  S.  1  and  308  ;  Chittenden,  Journ.  Physiol.  ^  Cambridge  and 
London,  vol.  xvii.  p.  48. 

~  Kau'lcr,  Ardi.f.  crprr.  Path.  u.  Phfirvuibjl,,  Leipzig,  Bd.  xx.  S.  411. 

*•  Oil  till)  prt'cijtitatiou  of  piotcids  by  numerous  salts,  see  Denis,  "  Mt-nioire  sur  lo 
sang,"  p.  ;j'.»  ;  Schafrr,  Jnurn.  PJniHioL,  Cambridge  and  London,  vol.  iii.  j).  181  ; 
Halliburton,  ihiil.^  vol.  v.  y.  177  ;  vii.  p.  321  ;  Hamniarsten.  Ardi.  f.  d.  (jes.  Physiol., 
Bonn,  1S7S,  Bd.  xvii.  S.   12  b 

''  Tract's  of  a'id  lower,  of  alkali  raise,  tbe  temperature  of  eoagulation  ;  more  tlian 
traces  conv«rt  tbe  proteid  into  ai-id  or  alkali-albumin  resjMX'tively.  and  tbese  substances  do 
not  coagulate  l)y  ln-at. — Halliburton,  Journ.  Physiol.,  Cambridge  and  London,  vol. 
V.  p.  in-.. 

^'^'  Linibourg,  Ztschr.  f.  })hys\ol.  (licm.,  Strassburg,  Bd.  xiii.  S.  450. 

''  Ringer  and  Sainsbury,  Journ.  Physiol.,  Cambridge  and  London,  1891,  vol.  xii.  p.  170. 

^-  llaycraft,  iJriL  Mol.  Journ.,  London,  1890,  vol.  i.  j).  107. 
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The  it^mperaiure  of  lieut  t^nticjulutinn  of  Bonie  (if  the  princiiml  proteids 
may  be  approximately  slated  aa  fullowa  \- — 

A  L fir  If  INS.  I  Globulins. 

48^-50*  C. 

75^  „ 

.         .         56'  „ 

75'  „ 

73"     y. 

With  regard  tii  the  seimratioii  of  [irolt-ids  by  the  us<3  nf  thr  Tiiclhod 
of  fractioiui)  heat-eoagulation,  the  opiiiiuii  htis  li«eri  expressed  by  Ibiycraft 
thai  the  results  obtuined  are  not  trustworthy.  Jt  is  prob.ible,  ncverUieie.ss, 
that  the  method  is  trustworthy,  aince  the  proteids  so  separated  can  bo  shown 
to  possess  other  diHererice«.* 


Egg  Albiunitt     . 

73'  C. 

Cell  globulin 

^acaoi  albumin  (a)    . 

.         ^3-  „ 

Fibrinogen 

(/J)    • 

-         T7'  „ 

Serum  globulin 

(7)    • 

.         84'  „ 

Myosinogen 

Moj^e  ftlhumin 

73'  „ 

Vitellin     . 

Lict-albutnin     * 

.         77"  „ 

CryHtalHn 
llft'nTocyanin 

Mtckanical  jmxipHaimn  of  prokidn. — By  metdmnieal  ineauB,  8ucli  as 
shaking  with  8ainl,yr  evuii  pouriii;,'  from  one  test  tubt!  to  another jl  Bidntion 
of  egg-white  ilepoeitn  threads  of  in8idu1>1e  pr**teul,  reniindin,^^  njie  nf  fibrin 
filaments,  whieh  also  they  reseiidde  in  tht^ir  ditVR-uUy  <>f  sululiility.  liy 
prolonged  shaking*  06  per  cent,  of  the  proteid  present  may  be 
depoisited.  iHher  proteidrt  behave  mniihirly,  but  as  a  ride  less  markedly, 
namely,  egg  globidin,  vitellin,  the  i>i(.)teids  of  blood  plasma,  jnyosinogen, 
potato  proteid,  plant  vitellin,  alkali  albumin,  and  some  specinienn  of 
caaeinogen  (Kamsden).^ 

Imiijft/sihilUff. — ^Tbe  fjroteids  behmg  to  tlie  elass  of  substances  called 
ooUoids  by  Tliomas  (Jrabiiiu;  that  is,  they  pass  witli  difticulty  *»r  not 
at  all  through  aniuial  meuduanes,  or  vegetstble  ]»arcbnienl,  the  substanfe 
usually  employed  in  the  Ci>nijtrnetion  of  dialyserjs.  Pruteids  may  thus  he 
eeparatetl  from  dilbisible  (eryst^illoid )  substances,  like  sugar  and  salts. 
If  a  mixtm*e  of  albumin  and  globrdin,  dissolved  in  a  s^dine  medium  aa 
in  hlofKl  »enun,  is  placed  in  a  dialyser,  witti  distilled  water  nntsiJe,  the 
aaltfi  ami  extractiv^es  pass  througli  the  luenibmnc  intn  the  water,  and 
water  passes  in  ;  the  proteids  remain  within  ;  tite  albumin  in  solution,  bnb 
the  gh>bidin,  which  ia  inwlnble  in  water  containing  110  salts,  precipitated. 

The  term  colloid  tloes  not  necessiirily  imply  tfiai  the  indilVusible 
sahstanees  are  nut  capable  of  crystal  I  is^ati*  >n ;  for  many  t»f  the  pro- 
teids  have  now  licen  crystalliKerl ;  tins  is  particidarly  the  case  with 
the  vegetable  proteids  (p.  5:^),  with  lui-nio^rlnlMn  (p.  (>l)>  with  egg 
albumin,  and  with  serum  idbiimiiL  K.  Ibifmeislcr^  was  the  first  to 
crysftallise  egg  albumin:  a  solution  of  egg  white  is  mixed  with  an  equal 
volume  of  saturatefl  solution  of  ammonium  sulphate,  and  the  gloimlin  so 

*  Th«  following  are  the  priiiciml  ]iriiM'rs  on  ihh  qui^stion  :— Hallilmrton  011  *' Protoids 

of  Serum,"  yoi/m,  Physit^.,  Uanunid^^e  and  Lontlon,   vul,  v.  ]t.  irj9  ;  xi.  4M  :  Cnrin  and 

**-— H»  **  Egg  Whit-?,"  ButL  Aovi.  rmf.  tfr.  mtfL  fU  lUhj,,  HnixiHeH,  LStfS,  tome  ,\v.  p.  i  ; 

«i  AuHiaax,  ihid.^  1S91,  toirii?  xxi.  \k  3;  Ilnvtuift  aud  Huggun,  HriK  Mfd.  Jntim.t 

18<»0,  vol.   I  jK  n!7  :  f^n*e.  A'ntf,  Sor.  I'}h,K,  lH>*Si,  jn  ilfj  ;  CcnfralhLf.  Pfomol.^ 

RJ.  iv.  S.  I  ;  Fn^liTirq,  ibid.,  IkL  iii.  S.  m\  ;  i  liitliiKkji  ami  QHln>rneoji  "*Corn- 

Am,    Chrm.  Jount.^    Haltimurej   voh  xiii.  pp,  7  ftiid  S  ;  xiv.   p.   1  ;    Hinvliftt, 

Jmol.^  Caiiihridgt^  aiid  London^  IS 92,  vol.  xiii^  p.  512:  Kaiiisdt'ii,  Prur,   physuii. 
on,  189*2^  p,  23;  A.   di  Frasaineto,  Sptrhnntfa/r,  Fireiize,  lSt»rs  totue  xlix.      All 
J  except  Haycraft  and  E&mAden  defend  the  tTi«th<ML 
h.f.  Phtj9i/)i.,  Lidpzig,  imU,  S.  517. 

kr, /,  ph^Bial,  Cfmm,,  Strajjshurg,  Bd.   xiv%  S.  1(35;  1892,   xvi.  S.  187;  sec  also 
md,,  1891,  Bd,  XV.  8.  45ft. 


44      CHEMICAL  CONSTITUENTS  OF  BODY  AND  FOOD. 

precipitated  m  filfcere^i  afl;  The  filtrate  is  allowed  t<j  stand  at  the 
tejoperjitnre  of  the  air,  and  as  it  gets  cfmceiitrated  minute  Bpheroidal 
globules  of  varying  si/e,  and  finally  niinute  needles,  either  aggregated  or 
separate,  make  their  appearance  (Fig.  9).  On  examining  these  eryetal»» 
they  are  found  to  coiiBLst  of  egg  alitninin,  with  a  variable  (hut  uHually 
snuill)  admixture  of  amnioniuiu  Bulphat^.  Serum  albumin  has  similarly 
been  obtained  hy  Gtirher  and  Mieliel,^  in  a  cry^^talline  form,  from  the 
blood  serum  of  hordes  and  raliliits.  IMfire  recently  still,  tiaBeinoi^en  has 
been  crystalliBed.      When  a  solution  of  tbiH  HuhHtanee  is  niixed  with 


Frc;  &.— Crystnl'^  oT  "g^  nnnniiiji. 


anunoniacnl  magnesia  mixture,  it  proceeds  after  some  days  to  deposit 
8})h;eroliths,  and  ultimately  aggregati(ms  of  needle-like  crystals.  They 
contain  45  })er  cent,  of  ash,  and  14'08  per  cent,  of  nitrogen.  Nuclein 
also  yields  a  crystalline  deposit  with  ammoniaail  magnesia  nnxture 
(v.  Moraczewski).'- 

l^yrom  Bramwell  and  Xoel  Paton'^  have  described  a  case  of  album- 

^  Sitz}iufish.  (1.  pltj/s.-mcf/.  (7csc/hch.  zu  IViirzhtrrg,  1894.  Michel  {ihid..  No.  3,  Bd. 
xxix.;  Ccntrnlhl.f.  d.  nud.  JFisscnsch.,  Berlin,  189G,  S.  l.^»2)  gives  full  details  of  the  method 
eiTiploved.  The  crystals  are  hexagonal  prisms  with  the  following  percentage  comijosi- 
tion  :— C,   53-1  ;  H.  T'l  ;  N,  15*9  ;  S,  TO  ;  O,   22'0  ;  ash,  only  0-22.     They  coagulate  at 

5r-r)3-'  c.  (a),.-  -(31 . 

2  Ztschr.f.  physiol.  Chem.,  Strasslmrg,  Bd.  xxi.  S.  71. 

^  Jicp.  Lab.  Roy.  Coll.  Phys.,  Edinhurgh,  1892,  vol.  iv.  j).  47. 
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inium,  in  whicii  tlie  urine  on  standiiig  deposited  tJie  proteid  matter  in  a 
cipliilloie  fonn  (wfe  Fig.  10),  They  eoiisiilered  it  to  be  of  the  nature  of 
»<jIoljnIin-  Jfiipjifrt'  has  rpiexStioned  tliiH  conclusion,  and  thinks  it  pro- 
fiaWe  that  the  j*r(>teid  wan  heteroalhnniose. 

Jt  is  not,  therefore,  npon  the  noii-eryBtalline  character  of  proteid,  hut 
opon  the  enormous  Bize  of  the  prr^teid  niolecnlea,  whether  erystalline 
or  non-crystalline,  that  the  difliculty  of  dittimion  depends.  It  tlnis 
beoomes  iiiterestiiig  to  iii([uire  into  the  dilVn-nihihty  of  the  proteids  rtf 
lower  molet'iiliir  \veight,  namely,  the  jiroteo^ew  and  iiejitf^nes.  l*e]»tonea 
m  diffiisiljle  ;  this  has  lung  liorn  known  :  they  are  liighly  difVuKilile 
compared    to    albiiniiii,  hut  of  hiw  dilluKihility  as  cr>mpared  with  Halt* 


Fio.  10, — Protci<I  erj'Htals  from  liu man  uriii*'.  — After  Bytoih  Ilrarnvvtll  mul  Noi  1  Pdtaii. 


Tlie  diHimihiiiiy  of  the  proteoses  has  Inng  !>een  inferred,  i>nt  it  is  only 
quite  recently  that  it  has  been  accurately  made  out  that  they  are  inter- 
''  *  in  this  character  hetween  pr]>t(ines  ami  alhunnn^.  The  wurk 
^'rection  was  done  indejicndently  liy  Kidine-  and  Chittenden,^ 
arrived  at  the  sitme  rcHullH.  A  cnriouM  fact  fonnrl  was,  that 
beose  (generally  regarded  as  interiuetJiate  hetween  tlie  other 
.nd  peptones)  is  less  difrusihle  than  protoproteose.     P»ut  this 

^  Zt^chr.f,  phyHiot.  Ckfm.,  StriwsbiHg,  lR9fi,  B^L  xxii,  S.  fiOO. 

"^  Zi*dir,/.  Bivi,,  Miimlien,  lid.  3(xix.  S.  1. 

*/oum.  J^hjnol,,  Ccmibridgi?  and  I/ondon,  vol.  xiv.  (>,  183. 
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\e  quite  in  accoi 
molecular  weigb 
of  protoprut.tii>ae  a 
peptone  as  400  c 
stances   iiive^tigak 


se  with  Sabauejaff'fi  ^  cryoscx'jpic  determination  of  the 
f  these  snl»stii.neeH ;  he  gives  the  molociilar  weight 
24G7  to  2040,  of  deuteroprotef^se  m  :^»:iOO,  and  of 
less.  Tlie  ditTusiuii  power  of  the  ilitVenjnt  Biib- 
hy  KUhue  was  iit*  follows: — Heteroproteoae  is 
the  least  diflusiblt:  of  tlie  pmteoBee ;  iti  neutral  valine  sohitiona  it  i» 
precipitatetl  as  the  alt  pussea  out,  and  none  goes  through  t\m  ilialyser; 
dissolved  in  ammo  ift  it  loses  5'22  per  cent.  Deuteroproteose  comes 
next  (loss,  24' 1  pe  cent);  then  pro  to  proteose  (loss,  28*3  per  ceuL); 
while  peptone  loseii  51  to  51*8  per  cent.  Eaeh  experiment  lasted 
twenty -fonr  lionre. 

Ad  Ion  on  polar  ked  Hfiht. — All  the  proteids  are  levorf>tatiu'y.  The 
specific  rotatory  powe — ^  — —  '^^  '^^"  "^nicipal  members  of  the  f2:roup 
is  as  follows : — 


Ttcm 

Obnerver. 

Value  6f(*>B. 

Senira  albumin    . 

.|pe.Seyl«  = 

Egg  albumin 

Jl>e-S©ylpr 

-35' '5 

Lact-albumin 

alien* 

-  30^-37^ 

8emm  globulin     « 

m 

-59^-7r» 

Fibrinogen   , 

jicimmn* 

-iT 

Alkali  ftlbumiii     . 

lUm 

-(S2'''2          , 

Syutoniu  (prt'i»ftrt'd  fioni  myosin 
Ciseia  {di.s,*toWed  In  M^SO^  aolutionj    . 

Hopp«?*Soylcr 

-7r 

Hopj-Mi  tSi^yler 

-SO' 

Various  proteoaf  s ..... 

K  it  1  ne  a  ud  Cb  itfce  d  J  en  ^ 

-  70^-ao' 

Colour  sTdi/'^/o?!^.— These  are  numerous,  and  draihtle8s  depend  Uyv  their 
occurrence  on  the  various  radicles  whieli,  as  we  have  8een,  are  i>roh;ibly 
present  in  tlie  proteid  nuileenles.  Many  of  them  are  given  l»y  certain  of 
the  decomposition  pmdnetsof  the  proteids;  and  \\y  a  enreful  comparison 
of  these  simpler  suljstixnces,  eonel visions  have  Ijeen  readied  eonferning  the 
purticidar  groups  in  the  proteid  molecule  to  whicli  each  reaction  is  rlue. 

The  majority  of  the  colour  testa  are  due  to  the  presence  of  the 
ariirnatic  ra<licle;  it  will,  therefore,  he  well  to  jirefaee  the  descri]jtion  of 
the  reactions  themsclveB  1  ly  a  elassiiieatiun  at  tlie  arcunatic  sul (stances 
derived  fmui  proteids  by  putrefactioiL  Salkowski  ^  arranges  tliein  into 
three  gronii.4:  whether  all  these  grtaips  exist  ]irc-fnrmed  in  the  ])roteid 
molecule,  or  are  derived,  as  Maly  eonsidered,  from  tudj  one  aromatic 
gruujs,  mattcT!^  hut  little  in  the  question  under  investigalion.  The 
groups  are  as  follows  : — 

First  (/roup — Th€  })henol  group. — Tliis  includes  tyrosine,  the  aromatic 
hydroxy  acids,  phenol,  and  cresol. 

Second  [/roup — The  phenyl  group. — This  includes  phenylacetic  and 
phenylpropionic  acids. 

^  Ber.  d.  dciitsich.  chnn.  Oesellsch.,  Berlin,  Bd.  xxvi.  S.  385. 
-  /fschr.J.  Chcm.,  Leipzig,  1864,  S.  737. 
•^  Jahrcsh.  it.  d.  Furtschr.  d.  Thicr-f'hcm.,  Wiesbaden 
^  Arrh.  f.   d.   (fcs.   P/DjsioL,   Bonn,  Bd.    xii.   S.   378; 
S.  29.^),  81 1;  824. 

'^  Jahirsh.  ii.  d.  Furtarhr.  d.  Thier-Chem.,  Wiesl)alen,  \\(].  xv.  S.  181. 

^  Ztschr.  f.  phynioL  C/ion.,  Strassburg,  Bd.  xi.  S.  508. 

"  Zlschr.f.  Biol.y  Munclien,  Bd.  xx.  S.  51. 

^  Ztschr.f.  jdiys^wL  C/um.,  Strassburg,  Bd.  xii,  S.  215, 


Bd.  xi.  S.  17. 

Chrm.  Ccntr.Jil.,  I^il>zig,    1876, 
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Tldrd  ^roifp-^The  imlol  f/roup,  of  whieli  indnl,  skatfjl,  and  Bkutol- 
Gurbooic  at'iJ  are  the  iiinBt  iiupurtiiiil  laemljeiH. 

We  can  now  proceed  to  the  causideratiun  of  tlio  proteid  colour 
reactions 

1.  Tk£  xa}iihoprotfi€  reaction. — This  is  chara€terise(l  hy  the  yellow 
ookiur  given  by  boiling  with  nitric  acid,  tnrnod  nrange  by  ammonia. 
0.  Loew  *  considered  tliat  the  yellow  ntaterial  was  a  mixture  of  nxynitro-, 
IrinikX)-,  and  hexanitro-albuniin  ;  but  tliese  snbstaiioes^  are  very  doubtful 
aa chemical  individuals.  SalkowHki  found  the  reaction  to  be  given  by  all 
the  members  of  hts  first  and  third  gixmps  <if  aromatic  Hubst^inces. 
Pickering*  found  that  salieyUe  acid,  and  saUcylflulphoinc  acirl,  cholesterin, 
cbolalic  acid,  ami  t^iurocholic  acid  also  give  the  test.  A  large  nundier 
<rf  other  organic  substances  whieb  were  tested  did  not  give  the  mme 
result.  It  was  noticed  tlmt  bodies  with  a  benzene  nucleuH  with  <>ne 
hydrogen  replaced  by  hydroxyl,  give  the  xanthoproteic  rejiit  ion.  whereas 
substances  which  contain  a  Itenzejie  nucleus  without  the  hydroxyl,  as 
phenylacetic  and  benzoic  acids,  do  not. 

MUlons  reaction. — A  brtck-rcd  coloration  occurs  when  proteid  matter 
IB  boiled  with  Millon'B  reagent  (a  mixture  of  tlie  nitrates  of  nu^rcury 
with  excess  of  nitric  acid);  the  rtMietiun  was  tin  night  by  Kuhrie^  to 
be  doe  to  tyi'osine.  Salkowski  also  took  tliis  view,  as  the  reaction  is 
given  by  the  substances  in  his  first  grou]t,  the  lutjst  pronnnent  niembcr 
of  which  is  tyrosine.  Those  in  the  second  and  tliird  groups  do  not  give 
the  teet.  Naeee/  however,  demonstrated  that  Milhurs  i-eaction  is  due 
to  beniEene  derivatives,  in  which  one  liydrogen  atom  has  Ifoen  rej4aced 
by  hydroxyl  (hydroxybenzene  nucleus)  and  not  to  tyrosine.  Tliat 
Kaase'e  view  is  correct  is  shown  by  the  fallowing  coiisideratiims: — 
Kahne  and  Chittenden^  have  found  that  certaiu  anti-proilucts  of  diges- 
lion,  which  yield  neither  leucine  nor  tyrosine  on  further  digestion,  or  on 
dec«iniposition  with  sulphuric  acif!,  do  not  give  the  leuction.  ScbUtzen- 
berger*  found  that  tyrosine  is  alisent  from  the  putrefaction  products  of 
gdatin.  Now,  Salkowski  stated  that,  gelatin  does  unt  react  with  Millon's 
reagent.  But  Chittenden  and  Solley'  have  found  that  tlie  ]iro<hR'tH  of 
gelatin  digestion  give  a  clmracteristic  reaction,  and  Pickering  ttiat  ]»ure 
gelatin  and  gelatinoses  give  it  in  a  marked  manner;  thus  confirming  the 
statement  made  by  MiUon®  in  his  original  memoir.  (Selatin,  therefore, 
owes  this  property  to  something  which  is  not  tyrosine,  Init  which,  like 
tyrosine,  contains  a  hyth'oxy benzene  nucleus. 

Adamkkwivz  read  ion?— U  glacial  acetic  acitl  in  excess  and  tbcn 
concentrated  sulphuric  acid  are  added  to  protciil,  a  violet  colour  with 
feeble  tluoresceuce  is  produced.  The  test  is  by  no  means  a  certain  one, 
and  is  given  by  proteoses  and  peptones  in  concentrateil  solutions  only. 
It  is  not  given  by  gelatin  (Ham  mars  ten). 

This  test  is  only  given  by  the  aromatic  substances  ^►f  Sfdko%vski  s 
third  (tndol)  group.     The  strong  reagents  ad* let!  nrr  likely  to  pnnlucc 

•m.f.  pral-t.  Chem.,  Leipzig,  N,F,,  Bd.  iii.  S,  ISO. 

.  Fhyaicl.,  Cambridge  and  Iv^rmdou,  1893,  vol.  xiv.  p,  372. 

.  /.  it  g€S.  Naiunti.,  Halle,  Bd.  xxix.  S.  506 :  l'irchutt'$Airhir\  Bd.  xxxix.  S.  130 
^  CmtT,'£L,  Leipzig,  187Jt»  Bd.  x. 
kr.I  Biol,,  Mtlncben,  Bd.  sxii.  S.  ^23. 
icle  in  Wurtz'  *' Diet  do  tldrii.,"  1886,  Suppl.  1  A.  p.  58. 
I.  Physiol.,  Cambridge  and  London,  voL  xii.  p.  23. 
'.  rend.  Acad,  d.  tc.,  Pari*,  tome  xxviii.  p.  40. 

d^iitxh.  chert.   OeaeUHch.,  Berlin,  Bd.  viii.  S,  761.     See  also  AV'uistiT.  Chcm. 
,  Bd.  xi.  S.  187. 
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considerable  chai  ;  in  the  proteid  molecule ;  indol  and  skaLol  can 
hardly  be  considv  id  ki  l>e  simple  cleavage  products  of  the  proteid 
molecule  (see  p.  29 

Ziebermann's  U  i^  m  performed  Ijy  precipitating  the  proteid  by 
alcohol,  and  then  he  iting  the  wanhed  pi-eoipitate  with  str^mg  hydrochloric 
acid.  The  result  is  b  violet-bhie  colnur*  Tlie  reaction  is  not  given  by  ]?nre 
peptone.*  It  is  also  wi  given  by  any  of  thearnmatic  putrefactive  product*i 
of  proteid,  nor  by  a  large  luiniber  ^if  other  cleavage  products  of  proteid 
which  Pickering  wc  kefi  witii*     J t8 cause  in  therefore  at  preat^nt  unknown. 

Krasser's  reactiot,^ — Alloxan  in  sohitio!!  Btaitis  jinitei*!  matter  a 
brilliant  red.  It  reinds  in  tlie  saujo  way  with  aHiwirrtgin,  aspartio  acid* 
and  tyrosine.  The  reiiction  is  pr<il»ably  eonnectetl  witli  the  j^rescnce 
of  amido  groups. 


Fiotroivski's  reacti 
solution  are  added,  a 
and  potash,  a  violet  ^ 
a  blue  solution  is  for 

In  the  case  of  th( 
tion  with  potash^  am 
is  given  by  the  decu 
is  often  called  the  hi\ 
yields,  on  decomposit 
by  heat  it  is  split  int 
cyanuric  acid,  xanthhic,  xty\ 
similar  reactions  to  tlie  proti^uu 


\  of  dilute  copper  sulphate 
nng  solution  of  caustic  soda 
If  ammonia  is  U80<1  in^tea*!, 

3,  the^result  is  a  rose-reil  srihi- 
imurinia.  Af^  the  same  colour 
urea  called  biuret,'^  the  test 
^  NHg  -  (^.O^NjH  J,  Biuret 
jiitaincyauHgeu:  fnr  inntamie, 
aitiJric  arid,  (i'NvlIa*.^  T>iuret, 
a]  iJie,  liydrncyauic  sicid,  all  give 
..,Ai       nisidered  it  [irobable  tliat  the 


biuret  reaction  was  due  to  a  cyan*»geTi  riidicle.  and  that  the  cyanogen  in 
albumin  and  peptone  i^  dillereutly  ctiudriTied.c^irrespuudiug  to  the  *Himilar 
ditterenccs  in  cyanuric  and  hydhiryanic  acid  respe<'ti%^ely.  riekeiiug,^ 
liowever,  concludes,  thsit  the  rathcle  in  quoHtiiiu  in  not  UN  but  CONH, 

The  related  metals,  nickel  (Gnezdu)  and  tfobalt  {Pickering)  give  correspond- 
ing colour  reactions,  which  may  be  J^iuiiniariFed  in  the  following  table  :-  — 


Native    j)rot('i«l.s  ) 

(ul  1)  U  III  ill  H,    I 

gloliuliiis,  ami  | 
inn-lt'o  -  pro-  | 
teid.s)  J 

Products  of  pro-'j 
teolysis    (pro-  I 

tones)  j 


Coi»iK>r  Hul- 
phaU-  iimt 
AiiiinHiiia, 


Blue 


Violet 


Cnpper  Sul- 
CoUnli. 


Violet 


Rose-red 


Mirkt*!   Sill. 


Nil 


Yellow 


Xtpk^l  Sill- 


Yellow 


Orange 


CuliAlt  »ul-|CobiiU  HiiK 


Nil 


Nil 


Heliotrope- 
purple 


Red-browu 


IMckerinf,'    found   that   when  a  cobalt  salt   has   entered    into   the    proteid 

^  Jdhn'sh.  i'l.  d.  Fort-^chr.  d.  Tlticr-Chrin.^  Wieshatli'ii,  H<1.  xvii.  S.  8  ;  Chnn.  CeiUr.-BL, 
Loipzi^',  18S7,  Nos.  18  and  25, 

-  Le  Nobel,  Jalivfsh.  ii.  d.  Fortschr.  d.  Thirr'C/i4:m.f  Wiesbaden,  lid.  xvii.  S.  3. 

^  Monatsh.  d.  Chen.,  Wien,  P.d.  vii.  S.  ()73. 

^  SiLinujsh.  d.  k.  Aknd,  d.   JVissnuir/t.,  Wien,  I>d.  xxiv.  S.  335. 

^  Hriieke,  Moiutfsh.  d.  Chem.,  Wien,  I>d.  iv. 

*^  Wiedemann,  .Inn.  d.  P/iys.  u.  Chei/i.,  Leipzii;,  Hd.  Ixxiv.  S.  67. 

^  J'ror.  Jio)/.  >SV.  L(nuhm.,  1889,  vol.  xlvii.  j».  202. 

^  Journ.  Pliysiid.^  Cambridge  and  London,  1893,  vol.  xiv,  p.  347. 
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it  can  be  easily  displaced  by  a  aickel  salt,  and  tbeii  in  turn  by  a 
eopper  salt,  each  yielding  ik*  characLeristic  colour  reaotiim.  He  exaniiiiod 
these  and  other  reactioos  in  connectitjii  with  various  albumiuoids  as  wtill ;  the 
oddittoii  of  cobalt  i^ulpliate  and  potiUili  to  gelatin  lie  found  to  produce  a  play 
of  oolouxs  in  the  order  of  those  of  the  epeetrura,  coniinencin|:j  with  violet. 

Drechsel  *  has  drawn  attention  to  an  old  obseivatioii  of  Krukenberg'**,  that 
at  the  boiling  temperature  there  is  in  the  so-ealled  biuret  reaction  a  reduction 
of  the  cupric  to  cupr<»us  oxide  ;  the  latter,  however,  remains  in  solution, 
Dreehsel  shows  that  the  reduction  also  occurs  at  the  ordinary  temperature* 
C.  J.  >rartin'^  is  also  of  opinion  that  the  biuret  reaction  ia  a  rerluction. 
lie  6ndp  that  alkali  albumin  dissolves  cuprous  oxide  and  forms  a  pink  j^tjlulion, 
never  violet  or  purple ;  these  latter  colours,  when  the  lest  is  ordinarily  perfornn»d 
with  copper  sulphatej  are  ikic  to  admixture  with  cupric  hydrate,  held  in  solu- 
lion  by  the  pii>teid  and  not  reiiucetl.  The  most  powerful  reducing  proteids  are 
jnoiaoaes  and  peptone,  hence  the  pink  biuret  reactiun  ;  whereas  the  native 
proleids  have  a  smaller  reducing  pjvver,  and  the  pitdc  colour  is  mixed  with  the 
Una  cupric  hydrate,  and  so  the  colour  obtained  is  n  violet. 

From  the  preceding  study  of  the  proper tien  and  reactions  of  the 
|roteids»  it  will  be  gathered  that  miice  nmny  other  substances  give  the 
tuae  tests,  a  proteid  can  only  be  idoutilied  by  eniphjying  a  large 
number  of  its  reactions.  Winteniitz^  reeojnniendH  a  ctnidiination  of  a 
precipitant  and  colour  reacticms.  The  juucipitiiiit  lie  bus  chielly  used 
in  eases  of  albuLJiinuria  is  ucetic  acid  ami  }iutaBi^ium  ferrocvanide.  The 
preeipitiite  so  oi>taioed  ^dves  the  cohnir  reactions  well.  Thi«  in  also  the 
case  with  the  precipitate  produced  by  several  utbei'  reagents,  aniung 
which  may  be  mentioned  siilicylHulpbonic  m-id/  and  the  lialoj^enH.^ 

CbASSrnCATION    of    l*KUTKinS. 

It  will  be  seen  fnun  the  preceding  description  of  the  proteids,  that 
I  have  used  the  ternj  proteids  throygbmit  as  an  eipiivjibMU  ftn"  ulbiuuiiioiis 
substances  (Gem uin,  Etvrisskorpfr):  certain  othci:  suhstauees  (such  as 
baemoglobiii,  mucin,  nucley-protcids)  nanu^^d  proteids,  by  Haniniarsten, 
NeiimeLster.  and  other  continental  writers,  will  be  treated  separately 
as  compound  proteiils. 

The  piroieids  may  be  divided  intn  tfiose  of  atunial  and  those  of 
vegetable  origiii.  Tlicre  dnes  not  afijicar  U)  be  any  essential  diilerence 
lietween  these  two  classes,  ami  each  can  l>e  subiliviiled  in  the  .s^inie 
manner  int<i  8ub-gvoups,  but  the  distinction  is  a  conveuieut  one  in  [>ractice. 

Aninial  proteids, — ^ClaScS  L  Album ha^. — These  are  pr(»teids  which 
are  soluble  in  water,  in  dilute  saline  sobitions,  and  in  saturated  solutions 
of  aodioni  chloride  and  nmgnesium  snlplute.  They  are,  Intwevcr,  pre- 
cipitated by  Haturating  their  solutions  with  annmniium  sidjJialc.  Their 
eolations  are  coagulated  by  beat,  nsusiUy  at  VO  '7-1°  C  Serum  iilbuinin, 
^g  albumiD,  lact-albumin  are  examples. 

Class  2.  Glohulim, — ^These  are  proteids  whieb  are  insnlubk'  in  water, 

In  dilute  saline  sedations,  and  iMsoluhle  in  saturated  solutions  of 

tloride,  magnesium  sulphate,  an*!  in  hiilf-s;Uuratcd  sidulion  oi 

Zlxhr,/.  phffnot,  Chem,,  StraHahiug,  ]89r*,  Ikl.  xxi.  S.  68. 
Private  comniuDicattoii  to  aiaboi. 

ZUckr, /.  pfiifsioL  Chrm.,  StriiHstnirg,  IkL  xv.  S.  1S7;  xvi.  S.  48t** 
■^^  fleering,  loe.  ci/.,  p.  377, 

G.  Hopkiiii^,  Proc.  Pht/siol.  Soc.^  Jure  12,  I8P7. 
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ammonium    sulpbri  ',      *X\\k\\r   yululi(*im   are   coagiilate<l   hy   lauiU   the 

temperature   of    In  X    nm^'ulation    varyinj^   cniiHidemliJy.       Fibrino^mi, 

serum   globulin,  gl  \\\\\,    ]»araiiiyt»Bint>gt!Ji,   and    myuBiuogon,   crysialliij, 

vitellin/  egg  globul  i  are  examples. 

The  differences  ir    scjlubility  of   tliowe  two    iimnnUat   clus&oe   of   imlive 
proteids  may  be  stattM   in  tabular  form  a?t  foUowi* :  - 


Rt  jjimr 


Water      ....... 

Dilute  saline  solution        .... 

Saturated   solution   nf    nuiiii.iesmrii   suliiliHlr 

sodium  chloride     . 
Hal f-satu rated  solution  o' 
Saturated  solution  oJ'  am 


Sdnbk 


IjlMOillLlltt 


QldVuUn. 


Innolulfle 
Hd1u1t1(1 


teiilH  di*rivi*d  frimi  either 
iiridn  (ir  alkalis,  The  term 
poiuidrt  i\\  tfie  prnteidH,  luit 
iiiiiu  and  :Ukali  atlnninTt,  \\m 
eidn  whi(di  urc  itisulnbli*  in 
WW  wtU,  TIh'V  ar*j  sitlnlfli*  in 
jiiilint.'  Sf (In linns.  Tliny  are 
;fl(fladinw  in  tliuir  Iwbaviour 


Class  3.  Album  u 
albumins  or  globulins 
has  been  extended  X\ 
restricting  it  here  U\ 
class  may  be  defin*M 
water,  and  in  neut  ra. 
acid   or   alkaline   .smIi        ,,  a^^ 

])recipitated  by  nealraliHati  nl 

to  neutral  salts.     Their  Hulnffnim  are  wAr  ( ,.,i^idakHl  hy  lieat. 

A  less  soluble  viH-ii^y  \\\  these  ]ir(»teidH,  calU^d  IJeherkiUm'H  jelly, 
is  formed  by  addiu^^  wlrnn^  arid  nr  alkali  refij»e(ttively  to  uufliluted 
white  of  egg. 

Caseinogen,  formerly  rt?gardrd  aw  a  member  of  liii»  gn*np,  will  In* 
studied  with  nucleM-]yr<>teids  and  with  nulk. 

After  egg  albvnnia  in  Irraled  with  fnnnaldehyde  it  n^inaiii?<  solnMe 
in  water,  but  is  ncil  < -Hii^idablr  on  licating.^ 

(•lass  4.  Vrodv^U  uf  jtrufroiffsis  ;  jmtfnK^-H  tottf  jujffttftf'^, — -Tfiene  will 
be  studied  in  det-iil  in  I'lnniei'ttnii  with  digest  it tn.  Tfiey  e^iii,  ijnwuver, 
be  formed  by  other  hydrulysing  ageaeies  than  tligeHtive  juicosH,  mieh  as 
treatment  with  miaeml  aei<lH,  ta- s^ajierheated  nteam.''  The  tenii  jirotenm; 
for  the  intermediate  )a'odui'ts  nf  hyilratiou  iM  a  nnnvenient  geneml  name, 
whi(di  ineludes  not  r^)dy  alhrnm'Hes,  Inil  aUo  vilelloses,  glohnlnsef^,  eiiseoses, 
myosinoses,  and  the  like. 

Class  5.  ('(Kvjitjafrt}  prtihiilii. — TIuh  ekiHS  inehides  the  proteids  in 
which  coagulation  heis  been  ]»ro(bieed  by  ht*nt,  antl  those  in  wiiirh  coagu- 
lation has  been  induced  by  ferment  action,  such  as  fibrin,  myosin,  casein, 
and  anti-albuniid,  an  insoluble  by-product  formed  in  gastric  digestion. 

Since  the  individual  members  of  these  groups  have  either  been 
described  in  preccMJing  sections,  or  will  be  discussed  elsewhere  under 
other  heads,  sucli  as  blood,  milk,  etc.,  they  need  not  l)e  further  considered 
in  this  ])]aee. 

^  Vit<'lliii,  unlike  otlirr  ^loldiliiis,  is  not  j>reoipitattMl  by  sodium  chloride.  Sonic  regard 
it  as  a  nuclco-jtiotcid.      It  will  he  more  fullv  discussed  later. 

2  Hluni,  Z/W</-.  /.  physinl.  Chtm.,  Stiasshurg,  1896,  Bd.  xxii.  S.  127;  Beri.  Uin. 
Wchjhschr.,  1807,  \V\.  xxxiii.  S.  10i:i. 

^  On  "  Atniid-alhuinoscs  "  (that  is,  these  forniccl  by  suj»erheated  steam)  see  Neumeister, 
Ztschr.  f.  Biol.,  Munehen,  Hd.  xxvi.  S.  57  ;  Chittenden  and  Meara,  Jouni.  Physiol., 
Cambridge  ^ud  London,. lyy 4,  vol.  x\\,  p.  501. 


VEGETABLE  P ROTE  IDS,  %x 

Fi^getable  proteids.— The  amount  fjf  j>n>tenl  inatter  in  plants, 
fijpeciftlJy  ill  tbfiBC  w  Jiich  are  full  t^niwu,  in  less  tlian  in  animals.  It  oeenrs 
dowjired  in  their  jiiit^es,  or  in  their  ]trotnplasni,  nr  (k^j>nsitotl  in  the  hirni 
of  granules  called  aleuron  grains,  Tiant  proteids  havo  frequently  l>een 
obtained  m  a  crystalline  form.  They  may  be  di%ided  into  the  same 
ckses  as  the  animal  pmteidH. 

Claas  1,  A^lhiiniin^, — Small  quantities  of  true  alhumin  have  been 
descnf>e<I  hy  S.  Martin^  in  the  juice  of  the  papaw  fruit,  and  hy  Green  ^ 
intk  liitex  of  several  caoutclionc-yielding  i>lants  of  the  naiund  carders 
ipjin'nea?  and  Sajx>tacea\ 

Ukss  2.  Olohu.linii,—'Y\\ii%^  are  ly  far  the  most  alaindant  natnrrd 
pioteids  present  in  plants.  This  view,  wFneh  was  taken  liy  Hojtjie- 
Seyler,*  is  contrary  to  tliut  of  Rittliaitsen,^  who  regarded  vegetalde 
fioteids  as  CMiUBistrrig  chietly  of  legmnin  and  allied  snlistanres.^ 

Qflaa  3.  ^tbiiminnte^. — Aeid  and  alkali  albnmin  are  formed  readily 
inn  veget^hle  pniteids,  espeeially  froju  plant  myofsin.  Legnnnn  or 
regetable  casein  was  used  synonymously  with  vegetable  proteitl  by  smne 
d  the  earlier  investigators/  but  it  is  now  usually  regarded  us  alkali 
ifcimin,  formed  artifieially  in  the  extraction  of  the  globulins  by  alkali. 
The  name  congliitin  was  introduced  hy  llittbaiisen"'  for  ttie  Uiore 
gbtiniHis  j>rod\ict  obtained  from  ahnonds  and  hi] mis. 

Class  4.  I^j^oteoms  and  juphmm^ — rroteoseH  have  been  ileseribed  in 
htex,  in  payiaw  juice,  and  tlrairs  of  c liferent  kimls.  True  peptones  are 
BOtfoimil  in  the  cii'eulatiug  juices  of  plants.  lYubably  the  cireulating 
proteids  in  plant  life  are  proteoses,  liemiiillnnnoses  (Vines),  though  amitln- 
mk  (leucine,  tymsine,  asparugims  adenine,  ete.)^  also  cM*(in-.  These 
ttil«Lane«8  are  fnnnecl  by  proteolytic  ferments  during  germination.  The 
Wt  known  of  these  ferments,  pa|>ain,  has  been  investigated  by  Wurlz, 
Martin,  and  otlierH.  Such  ferments,  as  well  as  maUing  ferments,  whieb 
omvert  the  insoliilde  st^ircliof  the  seed  into  the  sfduble  sugar,  are  jirolKibly 
ihut>st  ubirjnitouB.*  In  carnivormiH  plants,  another  ferment  is  met  with 
of  a  somewhat  tliHerent  character. 

Claas  t5.  Ootopilainl  pmkuh, — ^Vegetal tie  albnnnn  ami  glr>b\din,  like 
those  uf  anirn^il  origin,  are  converted  at  a  higli  temperature  into  aw 
in»jluljle  heat  Cfiagulum. 

With  regard  to  the  valae  of  vegetable  prutcids  as  food,  it  may  be  .stated  that 
u  a  nil©  they  are  not  nearly  so  readily  digested  as  animal  [»roti  ids,     PrnusiHtz  ^^* 

'•/bum.  Physiol,^  Cainlirifigc  mid  IjOimJou,  vuK  vi.  \k  ;i36, 
*  Proe.  Bntf.  Soc.  Lmid^m,  vol.  xi.  ji.  28. 

^Zimhr.f.  Ch^m,,  I^oipzig,  Set-.  2,  BtL  iv.  S.  528,  541  ;  vi.  12" > ;  Jmini.  f.  pndf.  Hi'' at,, 
Upi^  Bd.  ciii-  8.  65,  78,  1&3,  273. 

^HiUlmui^ti  (iefcnils  his  view  in  f'hem.  Cctftr.-I^L.  J.eiif/.ig,  1^77,  8,  507,  578. 

•Kinhof,  iXeitr  ftf/*j.  Jmtrn.  d.  riifm.,  v.  A.  (JcliltJii,  1^05,  BtL  vi.  S.  126,  5i-^,  Ihinias 
"id  r«Utiurs,  Liebig,  and  othnrs  also  exannucd  tliia  fiulif*tfOicc- 

'/M.,  Sf?r.  2,  Bd.  xxvj.  S.  440. 
^«  P  ^i^K.^ljP^.  a  oil  E,  Kiwiwr,  LatidiiK  P'^frsu^fv^  ^'fnt,.  Merlin,  1^1.  xxxvi.  S,  1  :  K.  Sdiul/e, 

\esanez,  Ber.   d.    lieulAch.    chrm,  Gcsdkch.f   Bnliii,   ]874,    S,   1 17S  ;    Kraiirli, 

Soc,,   London,    1878,   Al]Ht.   \k  1*96  :   (Jrorj],   /Vr^.  Jltnj.    *SV,   Lmdim,    vol, 

hii^eltori  Dyer's  Presideutial  Aildrass,  Srtt,  U.  lint-  Aj<soi\j  1888;  Hflensf-ii, 

J^  S.  137;  Ellenbergor  and  UofTnt'iHter,  OntrfiJU.  /.  atfnt\  Ctirm.^   ljn]r/'v^, 

The  fiuhje^rt  of  eoJiyniej^  and  reaorvc  nialeiifilH  in  |iiiUilH,  lnnvrvpr,  ih  now 

,  and  it  will  bn  found  ditMiii.Hscd,  with  l>iblicjgi'a[diy,  in  a  ^vnvn  of  Hrtides  Ipy 

en,  in  Scienc€  Frogrcvt,  London,  vol.  i.  ju  34 'J  ;  ii,"  p.  109  ;  iii.  jip.  68,  376  ; 

Bioi.,  Miiiichen,  Bd.  xxiv.  S.  227* 


experimented  with 
nitrogen   of   the   bej 
unfavourably  with 
undigested  residua 
is  due  rather  to  the  . 
indigestible  iiiaterials 
The  foregoing  br. 
further  cons idt! ration 
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ins  ;  be  found  the  faeces  contained  as  muQli  \\%  30 '3  of  the 
IS  in  an  Tindige^t^d  condition.  Ueana  tlius  compire 
itils  and  hreadj  Imt  even  here  there  is  a  considerable 
'he  in veK Ligations  of  Eiitgerfi  ^  point  to  the  fact  that  this 
Imixture  of  vegetable  p rot** ids  with  celluhise  and  other 
ban  to  any  pcculiaiity  in  the  pj-oteida  them  solves, 
f  accomit  of  the  vegetable  proteids  may  be  amplified  by 
^f  some  of  tlie  points  mised  : — 


Researdtts  on  cry.  tilUsed  vefjcJable  ^n'oteids. — la  1855,  Hartig-  pointed  out 
the  existence  of  crysta  lised  proteid  matter  in  seeds.  Four  years  later,  I^Iiuschke** 
obtained  hexagonal  |i.ates  of  proteid  njuttcr  by  extracting  Brazil  niit^  with 
water  at  40° -50'"  C,  and  evaporating  the.  liltored  extract  at  40\     Nageli  ^  de- 


signated sue]  I  cry  stills  at 
Sachssc,^  by  iMaschke's 
by  a  stream  f  if  carbonic 
Brazil   nut    which    he 
not   crystals.      8chmi 
bonic  anhydride  preeij 
evaporating  at  the  sam 
by  submitting  the  9olu 
dialysis  again.st  alcoh* 
chloride  solution  of  th' 
this  method  witli  some 
he  obtained  ^H:t;diedral  ^^j^ 
compounds.     iLitlhausen/' 


o 


Lentitieil  tht*  crystals  ai^  viftdlin, 
eeipitating  the  aqueous  extract 
iral  preparations  of  pruteid  from 
itate  consisted  of  small  discs, 
illine  products  from  the  car- 
uagnesia  solution  at  35"  C\,  and 
^  obtained  liexagonal  erystak, 
eljerg's  magnesia  compound  to 
evaporation  of  a  warm  sodium 
J  suggeBtion,  (jruhler^*'  applied 
^ids  of  squash  seed,  tvimi  which 
e  as  well  i\s  magnesia  crystalline 
^bt4 1 i  II cil  iK tal I ed  ra  a i itl  r li o m bic 


dodecahedra  frum  exj pressed  hemp  caKe,  easu/i-viil  seedsj  and  seeds  of  Semmum 
iniJicum.  Molisch  ^■-  has  sr^panited  by  the  use  of  anmioniimi  md}iliate  a 
crystalline  pruttnd  (lihyeocyanin)  from  the  alga,  OsaVarm  Jejdotricha. 
Vines  '^  found  that  the  natural  crystallfdds,  Rmbedded  in  the  ground 
substance  of  i\u'  ahMiron  grains,  wore  hexagonal  rhombohedra  in  some  plant®, 
and  regular  tt'lraliedra  in  othei-s* 

Some  of  the  details  of  Vines*  work  are  m  follows  : — 

The  aleursHi  grains  of  the  peony  eontaiji  an  albuniose  and  vegetable 
myosin  ;  of  tlie  castor-oil  pkmt^  an  alliunnjse,  a  myosin,  and  vittllin  ;  of  blue 
lupin,  cliic^lly  cryslalloid  vitcllin.     He  eki>siiicd  aleuron  grains  into  — 

1.  Tlios(   -uluhh"  in  water,  alhniuoHC. 

2.  Those  r^nhilpk^  in  10  jier  cent  sodiujn  chloriile  sotntion — 

(a)  ^Vit}HlUt  crystalloids^  soluble  in  saturated  sodium  cldoriile  solution, 
vitellin. 

( />)  ^Vitll  crystalloids,  insoluble  in  saturated  sodium  chloride  solution,  myosin. 

3.  Tliosc  ])ai  tially  soluble  in  10  per  cent,  sodium  chloride  solution.  Some  of 
tliesc  aic  ciystiilloid,  some  insoluble,  some  soluble  in  saturated  salt  solution. 

Vitellin  is  the  principal  constituent  of  egg  yolk,  and  occurs  there  in  the 
form  of  scniiciystalline  sjdiajrules,  corresponding  to  the  crystalloid  aleuron 
grains  of  plants.     The  ju'oteids  described  by  Valenciennes  and  Freniy  ^^  in  the 

'  Zt>rhr.f.  DlnL,  iMuii.lirii,  VA.   xxiv.  8.  2:.l.  "'Bid.  Ztfj.,  1855,  S.  881. 

•'./"?//•//.  /.  pn'l.f.  chrin.,  L<'ij./i;,r,  VA,  Ixxiv.  S.   KiG. 

'lint.  MUfh..  Miiiirlin,,  i,s.;;j,  VA.  i. 

■'  Arrh.  /'.  r/.  ucs.  J'/i/'siol.,  IJoiin,  lid.  xii.  8.  035  :  Ztschr.  f.  ])/ivsioL  Cluni.,  Strassburg, 
Bd.  i.  S.  7'Z. 

*'  "Die  Faii>>t(illr.  Ivolileiiliydrate  mid  I^rot«'insul>staii//'  L«ipzig,  1877,  S.  315. 

'  Ztschr.  f.  phiisioL  ^7M>/^,"stia.ssl.urr,',  Bd.  i.  S.  205. 

^  Jnurn.  f.  pnikt.  ('li^m.,  Leipzig,  Bd.  xix.  S.  331. 

•'  Se.*  Urui.ltT,  ibid.,  VA.  xxiii.  S.  100.  '«  Ihhl.,  VA.  xxiii.  S.  97. 

''  ///?>/.,  VA.  xxiii.  S.   181.  ^-  Bot.  ZUi.,  1895,  Bd.  i.  S.  131. 

^•'  rnx.  Boif.  Sue.  London,  vol.  xxviii.  \>.  218  ;  .\xx.  ]».  387  ;  xxxi.  \k  ()2. 
^*  Ann.  dcc/u'm.,  Paris,  Sir.  3,  tome  1.  ]>.  129  ;  An7i.  d.  Chcm.,  Leipzig,  Bd.  cxxvii.  S.  188. 
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rdk»  of  fishes*  eggs,  nnd  termed  by  thoiii  ichthinj  ichthnlin,  niitl  emydin,  are 
n^^uidedby  Hoppe-Se ylor  as  duabtfulclieuiienl  units,  xvwA  nr^  prolisibly  luixtiires 
of  rite) Hn  \rith  nuclein  amliecithuu  Whether  vik^lineoutaius  plussphnruji  in 
itu  mole* rule  or  not  is  \\  nn»nt  poiuL*  Srniie  r^'gard  it  us  w  nmdco-prifteifl  rather 
than  a  gh^buUn  ;  others  look  vipnu  the  phosphonis  generally  f«Hmd  in  it  as 
belonging  to  either  nuoloin  or  lerithiti,  adherent  to  it  as  an  imjuirity*  The 
nin«  question  arisea  in  connection  with  phytcivit4?llin  (vegetable  vitellin). 
ftfioent  analyses  by  0:5h*jrne^  show  that  it  contains  no  phosphorus,  though 
8fld)»e,  one  of  the  carher  workers,  ilescribt'd  the  presence  rif  this  element. 

Protei*h  of  flours, — Sidney  if  art  in  -  found  the  principal  proteiiU  in  wheat 
Soar  t<i  Im5  (I)  a  vegetable  myosin,  and  (2)  a  .soluble  pr^>teoAe,  which  he 
oiUed  ph^'talbomose. 

Gluten  Is.  a  nuxture  of  two  snbstincea — 

(o)  Gluten  fibrin^  which  is  insoluble  in  alcohol,  and  formed  from  the 
myosin ;  and 

{h)  A  proteo^'^e  in.=M>Uible  in  water,  formed  from  the  phytalbiimose.     This 


Fro,  11,— CrY>itall]W(l  vitLllhi  of  V\\i*  oat  kiTii^  1.— Alli  r  Osl,onj< 


I  proteose  is,  however,  sohiblii  in  slronj^  ulcolml,  and  gives  tlie  sticky 
iflMBtency  to  ghit^-n  ;  it  correspnnrls  to  the  two  snh.stancca  called  gliadiit  and 
ttueedin  by  EitthauseiL'^ 

Tlie  existence  of  pnitiuds  soluble  in  sitrimg,  though  probaltly  nat  in  abso- 
lute, alcohol,  is  a  remarkable  occurrence,  and  is  mil  unique  in  veL^etalilo 
physiology, 

Martin  considered  that  gluten  ilocs   not   preexist  in   wheat-flour,  hut    is 

{onned  on  the  adtlition  of  water  liy  a  ferment  action.      Thi?*  is  suppnited  by 

the  fact  that  woi^hing  Hour  with   water  at  a  liov  leni|H'raltire  (T  C)  does  not 

lead    to    the    formation    of   gluten.       The    fcrnif^nt,   however,    has    not    l*een 

nd  Jobannsen  *   has  advanced  certain    facts  tliat  tell  aguinst  the 

)ry  and  in  favour  of  the  prc-exi^^tencc  of  gluten  in  the  flour. 

fhmn,  Journ.,  ISidtimore,  vol,  xiv.  No,  8, 

Iffvi.  JaurA^y  Londoa,  188&,  voh  ii.  y,  104. 

rtraJcL  Ch^m.,  Jjtipzig.  Ikl.  Ixjciv.  S.  tft'1,  3S|.  F^ir  oilur  uhsprvjitioiis  on 
icliardnt,  t*07njd,  rewti.  Aotd.  iL  A'r?*,  I'jiris,  tomr  xiv,  |n  *M'>I ;  TinMcip  fHor, 
uUelli,  voh   xii.  p.  860  ;   UuiiMberg,  JoKni.  f.  prttkf,  Chem.^  Li'ip/ig,  Bd. 

tmniifHrji^  Paris^  tomn  xiv.  p-  \^0. 


(jhiefly  globulin,  with  smaller 
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Osborne  ^  invesu^  l«d  the  proteitls  of  the  oat  and  aimlyseti  three  primary 
oat  proteids,  one  sol  :)le  in  alcohol,  the  second  a  globulin,  and  the  third  a 
proteid  soluble  in  all  li  only.  From  tbesc,  secondary  proleids  are  obtained 
by  mixing  the  groui  oata  with  watt^r ;  he  regards  the  change  as  one  pro- 
duced by  ferment  acta  ity. 

In  conjunction  \v  h  Chittenden,'^  he  worked  out  in  a  similar  way  the 
proteids  of  maize,  anii  found  there  two  globulins,  one  or  more  albumins^  ami  a 
proteid  soluble  in  alec  loL  Tbe.se  difl'er  in  solubilities,  coagulating  points,  and 
elementary  compositi(  i ;  one  of  the  globulins  is  a  vitellin,  the  other  a  rayo??in. 
A  small  amount  of  jjj  iteose  also  present  was  regarded  as  artificially  protiuced 
in  the  processes  of  a  alysia.  The  proteid  soluble  in  alcohol  \^  called  zein  ; 
and  it,  like  the  gloln  lins,  m  convorteil  into  an  iiiscduble  modifieation  on  ad- 
mixture of  the  flour  with  water. 

The  proteids  of  Has 
quantities  of  albumin,  [i 

In  wheat  Osborne  i\ 

1.  Gliadin ;  a  prot* 
other  properties. 

2.  Glutenin  ;  a  pr 

3.  Edestin  ;  a  glob 

4.  Leucosin  ;  an  all 

5.  Proteoses. 
They  do  not  agre 

O'Brien  ''  has  arrived  u 
due  to  hydration,  tlnm         ,  jy 

flour    he   describes   m   glohi  i] 

proteose  which  he  regard^!  as  the  uiunier  sub- 

Otlicr  vegetable  proteids  investigated  by  TJh borne  arc  thi:>se  f^f  the  kidney 
bean^  (two  globulin.^  called  phaseoHn  and  phiiselin,  and  proteose);  of  the 
cotton  seed  (almost  altogether  proteose,  with  small  amounts  of  edc^tin  and 
insoluble  proteid);  of  rye  (gliadin,  leuno.^in^  edestin,  and  iiroteose)  j  and  of 
barley"  (leucosin,  [troteo^e,  edeatin,  and  hordein,  an  intsoluble  prot^?id, 
corresponding  to  Rittlmtiwn'a  mucedin).  He  also  investigated  the  cli<^micnl 
nature  of  diastase,  and  contiidcrs  it  is  closely  related  to  the  albumin  he  has 
named  leucosin. 

Rf'Sf'arrhf's  cm  prtif4uh/fir  frnmnf^  in  planU. — TIkn^o  in  the  [)ii[»aw  plant 
and  in  pine-ai)ple  juif e  are  tire  bej^l  known,  or  moKt  fully  worked  ont. 

rapain  was  the  name  given  liy  Wurtz  Ui  the  proteolytic  ferment  in  the 
juice  of  tlie  |)apaw  [jlant^  Tlie  ii\(\m  similarity  of  il*i  action  to  that  of 
trypsin  was  shown  by  S.  Martin.^  The  proteids  in  the  juice  are  a  globulin 
very  like  serum  globulin,  small  quantities  of  an  albumin,  and  proteoses  of 
two  kinds,  with  one  of  which  the  ferment  appears  to  be  closely  associated 
(Martin).i*^ 

J^ro/iicIi?i.  —This  is  the  proteolytic  ferment  in  pine-apple  juice.  Its 
existence  was  first  noted  by  Marcano  of  Venezuela.  It  is  made  use  of 
extensively   in    South    America   for   the    preparation   of   artificially  digested 


crihed  as  a  myosin, 

/  theory  of  gluten  formation* 
lie  regards  gluten  ftirmation  as 
ferment.  The  proteids  in  the 
dn  and  vi  tell  in  type,  and  a 
ice  of  gluten. 


^  Am.  Chrvi.  Journ.,  Baltimore,  vol.  xiv.  No.  3. 

-  Ihid.,  vol.  xiii.  Nos.  7,  8,  ami  9  ;  vol.  xiv.  No.  1.  »  7/^/,/ 

*  Ibid,  vol.  XV.  No.  (J;  "Seventeenth  Ann.  Rep.  ronnecticut  Agr 
Ne\vhav(^n,  1S9.'^. 

^  Ami.  Jiofain/,  Oxfonl,  1895,  vol.  ix.  pp.  171,  50:3. 

''Jovni.  Aj/i.  ('hnn.  Soi\,  N.  V.,  1891,  v(»l.  xvi.  j).  G33. 

"  Ih'ul.,  189.'i,  vol.  xvii.  i>.  539.  See  also  Oshorne  nnd  Canipl>ell  on 
on  conf^lutin  and  vitdlin,  on  legnniin  and  other  j»roteid.s  of  the  pea  and 
vol.  xviii.  No.  7. 

^Compt.  rnul.  Arml.  d.  sc,  Paris,  1879,  p.  425;  1880.  p.  l;;79. 

•*  Joiini.  J'/iifsio/.,  C.inihrid^'e  and  London,  vol.  v.  n.  213. 

•"  ///A/.,  vol.vi.  !».  :rM\. 


vol.  xiv 
lie.  Exjit 


No.  8. 
.  Station,' 


proteids 
vetch,  i 


of  pot A to 
hid.,  189(5 
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Jboda.^  Ite  action  has  been  studied  "by  Chittenden  -  and  his  pupils.  It  is  a 
£lfaiaai  of  intense  activity,  and  acts  well  in  neiitrali  mud,  ami  alkaline 
ioiutioius,  especially  at  60°  C.  The  femicut  itself  is  associated  or  identical 
irith  a  jjnjteose-hke  substance  in  the  juice.  The  products  of  its  action 
(proteoses  and  peptone)  are  like  thoi^e  of  other  proteolytic  ferments. 

I  have  alluiled  to  these  two  ferments  because  they  have  formed  the  basis 
of  very  thorough  investigations,  not  because  ihey  are  in  any  way  exceptional 
occiUTeaces  in  the  vegetable  kin^'iloiu ;  as  already  stated,  .such  ferments 
probably  play  an  important  part  in  all  plants,  by  cnnvertiuf^  the  in.soluble 
prot4?id  of  the  seed  into  the  soluble  nitrogenous  aubsUncos  of  the  sap.^ 

rHOTEiDs  A«  Poisons, 

The  line  between  food  and  poLson  is  euHily  cros.sed.  When,  a  few 
fBtts  ogPt  the  idea  was  hrwt  incmteil  that  pioteids  may  act  as  ixdsons,  it 
Wi  ie<^ve<J  with  iuertHlulity  in  many  ipiarters;  luit  iheio  ciiu  now  be 
no  doubt  that  it  is  a  fact.* 

The  ljej?t  known  of  thii  vegetable  pidtcid  poiwons  are : — 
L  Th<:»«?e   CfUiUunijil   in  tlje  seeds   of  je*|uirity  {Ahrtts  /tiixaiirriHfi), 
Wanien  ami  Waddell "'  iiained  tbt*  poiRonun-s  substance  uhritL    S.  Martin  ^ 
aepimted  the  two  pmLtmLs — a  f^bdinUn  and  a  proteose — of  wbicli  it  ia 
Ouui|.Nj8etL     The  material  is  usod  as  a  drn;^  to  jirodiirc  rnnjunctivitis, 

2.  The  proteid  ussociiited  with  nr  identit  al  with  paiKiin  (S.  Martin). 

3.  Ricin,  the  jKn^Miunts  prnteid  in  eastor-oil  beans." 

4.  Lupino-tojriu  frmn  Liijnm/s  Itj/nts.^ 

The  most  important  of  the  animal  prnteid  [loisons  are — 

1.  Snake  poison. 

2.  i'roteidrt  in  the  sennn  of  certain  fislies  (coiiL^er  eel,  nnujcna,  ete.).^ 

3.  Proteid  p*jij>nns  fnuntl  in  certain  spiders,"^  and  in  tfie  stinging 
ap{)ardtiis  of  many  insects. 

4.  Ordinary  jfeptffnes  and  proteoses;  i)"*i  gr.  of  cnmniereial  i»e|)tone 
per  kilug.  of  bmly  weight  is  in  tings  usually  fatal,  when  inJeeleU  into 
the  bltKid. 

5.  Nucleo  -  proteids.^These  were  Ciillcd  tissue  librinngcns  by 
Wofjblridge,  and  cause  intravascular  i  b)tling  when  injci-lcd  into  I  lie 
hkxMl  (rttie  '*  CiKigulation  of  Pdond  "). 

G.  Pois^jnous  proteids  produced  Ity  barterial  acli(*n.  This  subject 
has  recently  received  much  attention,  and  opens  np  t!ie  wlu)le  subject 
of  toxins   and   antitoxins.     To  *^n   intcj  this  matter   thoroughly  wnuld 

'  BtUl.  Pharm,,  Detroit,  1891,  vol  v.  ji.  77. 

*  Trans.  Conticd.  AauL  Aii^find  He,,  N^w  llavru^  IH'.H,  vf>L  viii. ;  J>inrit.  I'fnjsifjL^  Carii- 
bfidge  and  iHRiiidon,  vol,  xv.  p.  2i{K 

*  See  furtUf^r  iireoi/si  f^ajjors  iilreiidy  f|iiutf>l  :  al.'-o  J,  K.  (licou,  '*  On  tin' iiroseiict' of 
▼tjgeteble  trj'iwin  in  the  fruit  nf  Vnctutiitt  ufiii\^  himI  ntliiT  plants/'  Ann.  njjri/Himiifjutit^ 
P«rU»  tomo  xix,  p,  508  ;  Nt-umi^i.HU'iv  Zhchr.  f.  BhA,^  MMnihiii.  bil.  xxx.  AiiuLlu-r  rwt^rtt 
j»[ier  an  the  Miibject  (J.  Hjurt,  CfiUrftfhl,  j.rhtfm'of.,  Li*ipzi*j[,  l^SiKJ,  [\4,  x,  S,  n.ri)  shows 

**'-*  *^"""-  an*  siiiiihir  iV-niu-iitsi  in  lujigi. 

id's  opinion  th:it   [M>i,4oiiotis  piotrida  zirri  Mum-  lahile  \]\tiu    nUwr   pn>l<i<lH  nan 
coDsiiicrwl  jiu  exjilanatioTi  of  this  faet  T'  lJt']M:r(iuT  hilnlp  Kiwoifisstollr,"  f/ V/oi*c/tr. 
1831,  No.  m 

■  H.idlltir  Natun^  of  Ahrtts  Poison,"  CalrnlEa,  IHS4. 
Af^tL  Jtmrtt.,  lyjndon,  lShl>,  vol.  ii.  p,  IKl, 
irk,  Pharm.  Vrntr.HL,  Leipzig.  IS'IO,  liil.  \\x.  S.  Gr-O. 
U'»  Jithrk,  L"ip;dK.  1«H8,  li<l.  wiw  8.  10. 
^fthnsb,  ti.  d.  ForlMhr.  '/.  Thif'f^^'ht'ni,,  Wioslniilni,  \V\,  xviii.  S.  1*2, 

zamjab.  U,   jMQkiUr   iudttrformh.  Ucaclhdi,,   188S  ;   VcHimlhl.    f.  d.    med. 
lin,  1888,  S.  644, 
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lead  us  too  far  i  patliologiciil  regions.  The  exact  imture  of  the 
toxalbumose.s  ar--  heir  aiititoxins  ia  lij  no  itieaiiR  Betth^d,  hut  ha» 
already  been  fci  ed  by  iinportaiit  pva«^tical  reKiiltH  in  the  way  of 
treatment. 

SnaJ^e  poison.-  -Tlio  llrf^t  grnuji  uf  pnticMd  [jrd^oiiH  in  tlin  foregoing 
list  will  furnish  us  '  ith  a  typical  example  ftf  tlie  clam,  and  it  appears 
probable  that,  as  t  e  nattvre  of  the  poison  has  been  more  thoroughly 
worked  out  in  this  .ban  in  most  of  the  other  ii^%^^,  this  will  also  fomi 
an  important  field  f  researcli  in  fnrnis^hing  the  key  to  the  qneKtion  of 
the  nature  of  anti«  >xins ;  for  protective  inoeulation  has  here  been 
followed  Willi  t  utLsicteralile  .sueeews  (Cahuette,^  Fraser^). 

The  first  investigation  into  the  ehemistry  of  snake  j>nisoii  of  any 
importance  was  by  Pr         ~  ~  t.e^  on  tjje  piisun  uf  an  adder, 

in  1843.3     ][^,  found  t  5  poigun  was  associated  with 

the  portion  precipitab  gave  the  name  n]rmnt  to 

this  precipitate. 

About  IHGtK  Wei  Eittentitrn  to  the  sultjeet,  and 

he  was  the  first  tn  r  :;  principle  of  the  venom  is 

albuminous  in  nature  in  in  the  case  of  the  rattle- 

snake.    Frntji  that  t  junction  with   Reiehert)  he 

continued  liis  wovlv%  leral  conclusion  in  the  ca^e 

of  the  Nortli  Ameriei  1  tlie  Indian  snakew  received 

tlieir  share  of   atteni  ,^   wf   Sir   Joseph  Fayrer^   and 

Lauder  Bruntan"  are  assn  valnal>le   rescarclies   e^>neeruing 

the  venom  of  the  eohm,  krajb,  .  ..an  viper.     These  observers  tiealt, 

however,  with  the  object  mainly  from  the  point  of  view  of  the  physio- 
logical actinvi  I  if  the  venom. 

In  1<S8:1  Wall/  in  188i;  Wolfenilen«  and  tn  IKDi^  Kanthack,« 
published  iniportanL  contrilnitiriUH  to  our  knowled^^e  of  eolmi  poistin^ 
the  im])rovcd  metfinds  of  ehcniical  jtJiysiol^rgy  enal;lin<i  them  not  only 
to  identify  the  poison  as  a  proteid,  but  to  show  that  tfie  variety  of 
proteid  ]uesent  is  principally  proteriae,  I Vo  observers  liave  described 
poisons  otlaT  tlian  proteid  in  snake  venom,  VVA  Gauticr,^^  who  regarded 
the  venomous  principle  as  alkaloidal ;  and  Wynter  Blyth/^  who  gave  the 
name  cobric  acid  to  a  crystalline  substance  which  he  separated  from 
cobra  venom,  and  which  he  asserted  to  be  highly  poisonous.  Eecent 
work  has  fiiilcd  to  substantiate  these  results,  and  such  alkaloids  as  are 
present  (and  they  are  generally  absent)  are  non-poisonous  ones. 

In  their  researches  on  the  venom  of  the  Australian  black  snake,  C. 
J.  Martin  and  M'G.  Smith  ^^  deternnned  positively  the  nature  of  the 

^  "  Lc  Yonin  dcs  Serpents,"  Paris,  1896. 

'  Brif.  Mv<f.  Jouni.,  London,  ISOfi,  vol.  i.  p.  1309.  Tlie  name  given  to  the  antitoxin 
eontnined  in  the  scnnn  of  inimunised  animals  is  antivenine. 

'^  See  81 1-  J.  FavifT,  Pror.  Med.  Soc.  London,  1884. 

^  X.  Am.  M,'L-rhir.  lirv.,  vol.  v.  p.  269  ;  ^fed.  Xcwr,  Philadelphia,  1883  ;  ''Researehes 
upon  the  Venoiiis  of  l\)isninnis  Serjicnts,"  Siiiitlisonian  Contributions  to  Knowledge,  1886. 

■''  Hf'p.  on  sitii.  iinprorrmcnfM  in  India.  London,  1873,  1874. 

*'  /^7?.  on  strn.  /nrasmrs  in  Jiulid,  London,  1874  :  Proc.  JiOif.  Soc.  London,  1S72-3, 
1873-4,  187r»  and  1878:  Sir  J.  Faynr,  "  Tlianato])hidia  of  India."  London,  1872,  and 
numerous  paiKM'.s  by  saiMc  autlior  in  Kdin.  Med.  Journ.,  and  [ndian  Med.  Oaz.,  Calmtta, 
l)et\veen  isGS  and  1874. 

"  "  Indian  Snake  IVtisons,  tlieir  Nature  and  Effeets." 

^  Journ.  J'Jn/sio?..  ( 'anihridge  and  London,  vol.  vii.  pp.  327,  3r»7,  36f*. 

■'  //////.,  vcl.'xiii.  J..  372.  ^^  7>'////.  AraJ.  dr  mxd.,  Paris,  1881. 

"  Antrhfs/.  London.  1.S76,  vol.  i. 

^-  I'roi\'  Jlufi.   Sor.   y,>r  Sunlh   Ifalrs,   Sydney,  -luly  3,  Au^r.   3,   1S92  ;  Jonrn.   I'Jnjsiv/., 

ritiiliridffp  niiil  L.tiidoii     1S<>:?     vol     vv     n    .'iSO. 
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TencmL  By  appropriate  experirnents  they  excluded  mioro-arganisms, 
ferments,  alkaloids,  ptouiaines,  and  crystalluie  acida^  They  next  aljovved 
that  there  are  three  prnteids  in  the  seeretiiai ;  one,  an  alhuniin,  is  not 
inilent :  liut  the  other  two,  whieli  are  proteoBes  (protu- and  lieteiu-pro- 
teoae),  are  extremely  jjobununs.  Their  action  ivS  tlie  H^irne  hh  that  of  the 
venom  itself.  They,  like  the  venom,  eau  he  monieutarily  Itoilcd  without 
impairing  theii'  activity,  but  prolonged  hulling  for  <lays  destroys  tl^eir 
virulence. 

The  action  of  the  poison  m  local  and  general  Tlie  nn:»st  marked 
local  effect  m  a?dema ;  the  general  symptoms  in  nnn-letltal  dt>ses  cuiiHist 
erf  twitching  and  cr>nvidsious.  A  fatal  dose  kills  witliin  a  few  seconds 
or  minutes.  Tliere  is  also  a  peculiar  eH'ect  on  the  hl(»od.  More  than  a 
century  ago,  the  Ahhe  Fontana  ^  noticetl  tlmt  the  Itluud  of  animals 
killed  by  viper  hite  remained  Huiil.  Brainard,^  writing  more  than  forty 
yearaago,  states  that  when  death  oecins  immedijitely,  in  nnimals  latten  by 
taltleBnakes,  the  bioml  is  found  at  tlie  ]iost-mortem  exainijiation  t(j  he 
elolted :  Imt  if  some  time  elapses  before  the  animal  succvnnhs,  tlie  blood 
remainj?  fluid  in  the  vessels.  The  eontiuued  iluidity  c»f  the  blood  has 
«mee  then  been  noted  by  numerous  oliservers  in  tlie  case  of  various 
snakes.  The-se  observations  are  explained  l>y  V,  *h  I\rartin"s  resi?arcljes. 
He  found  that  ditlerent  doses  produce  different  results.  Immediately  after 
the  tntr«xluetion  of  the  venom,  the  coagulability  of  the  l>lood  incieases, 
and  tliis  increase  in  the  case  of  moderate  or  large  do^es  (more  than 
0-0001  grm.  per  kilog.  of  body  weight)  cidminates  in  intravascular 
clotting  of  greater  or  le.*is  extent-  The  injertinn  of  smaller  doses 
prr«juces  a  transient  phase  of  increased  coagulability,  but  after  twii 
minutes  tliis  is  succeeded  by  a  negative  phase;  the  bbtod  wlien  thawn 
either  fails  to  clot  at  alb  or  dfies  so  t^nly  ufter  tlie  lapse  of  sevend  hours. 
The  thmmbosis  occuis  more  readily  in  venous  than  arterial  blood,  and  is 
frequently  confined  to  the  portal  area.  These  results  show  a  gi'cat 
resemblance  between  the  action  of  tlie  venom  and  that  iA  luicleo-proteitl. 
Tlie  effect  of  diminished  eoagulalality  is  not  unexpeete<b  seeing  thsit  the 
princijial  substance  in  the  venom  is  pniteose,  but  the  ndrmteness  of  the 
done  necessary  ia  very  striking  and  distinctive.  The  smalhiess  nf  the  dose 
«ggp8ts  that  the  injected  material  does  uftt  itself  contribute  tfv  Idaiu- 
{ormatiou.  It  probably  acts  by  proilucing  disintegration  of  tlie  cells  of 
the  endothelium  of  the  IdorMl  vessels,  or»  according  tf^  Martin's  later 
ohaervations,  ni  the  red  corpuscles;  in  either  case  the  result  wcadd  be 
liberatinn  of  nueleo-proteid  material. 

With  regard  to  the  ^[uestiou  of  how  these  pnisouous  prtfteoses  nre 
form  e<  J ,  J  la  rt  i  n  put  s  f  oi-  w  a  r ( \  the  folio  w  i  1 1  g  h  y  j  1  o  t  h  es  i  s  :  1 1 1  e  1 1  d  I  s  *  *  f 
the  venom  glaml  exercise  a  hydrolysingiigency  <>n  the  albnnnns  suj^jlied 
them  by  the  Idood,  the  results  of  which  inllueuce  are  the  poisoiunis 
prote<:»seB  found  in  the  venom.  A  ilillerence  between  the  laocess  and 
digestion  by  pepsin,  or  by  anthrax  bacilh,  is  that  the  liydrution  stops 
*  die  proteose  stage,  and  is  not  contiinied  svt  as  to  ftaju  })cpti>nc, 

or  nitrogenous  iiuiterials,  like  leucine,  tyrnsine,  or  rilkaloids. 
^)itheliuni  is  certaiidy  cajiable  of  exerrising  such  a  hydrolysing 
the  conversion  of  glycogen  into  sugar  in  the  liver  cells  is 
test  known  examples. 

nable  trarc  of  orpine  arid  fniind  di<I  mot  pns.scss  toxic  prtipertic!^. 
"  PoinoDB,"  Tnmf?,  by  J.  Skinner,  I^iiidon,  17S7. 
„.,Jhson,  Imt.t  Washiiigtcm,  1854. 
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The  following  m  e,  somewtiAt  altered  from  Bidn&y  Martiii,^   illuetra'tas 

the  analogy  between  arious  liydrolysing  processes,  proteid  being  iu  all 
the  material  acted  uu. 


PldUlTOT*, 

Primary  AoBMTii 

Xltrt»KeuDiu  Ntt  tit< 

1.  Epithelial    cell  of    |  y^trie  !  PqMtin. 

Proteoscii,  i>(!ptone. 

Bi'icger's         iMJpla- 

gland 

toKin  ;  a  Vf  ry 
tjoulitfnl       Imsic 

2.   Epitlielial  cell  of  immx^m 

Trypsin, 

rioh'fws,  p*[itouci. 

Linieinet  tytnsiiie, 
lysine,   art^ininp, 

u!j]Mutie        acid,  ; 

amujunni. 

3.  Bacillus  anthracu 

ms,  ^leptouf. 

and  lui  anthrjiK 
alksilmil. 

4.  B.  diphtherias     ,         ^ 

r 

Orj^Rie     aeid      of 

dtHilitfnl  niituif » 

5.  Epithelial   coll   of    si. 

im^ 

1  Ttavh    i*f    i>rgauii" 

venom -gland 

m^id. 

Calmette^  has  woi 
Roux  and    Vaillard 
lethal  dose  weighty  mil 
toxic  value  to  be  roproBeutea 

Cobra        ...  ,         .         . 

Hoplocephalua  «3urtna         .         .         ,         .         , 

Pseudechis  ...*.,. 

Pelias  beni^i        ..*».., 
Martin  places  the  tn.\ii^  power  of  the  two  AttbstruHmi  venom 

Iloplocephalus   ....... 

Pseudecis  ...,..., 
This  is  a  very  hi]^h  virulence  ;  put  in  another  w-iy,  it  mcfin:^  that  0'0€023 
gr.  of  the  one,  and  O'OOOfj  gr.  of  the  other  yKiismi  is  snthi  ieut  t«)  kill  a  rabbit 
weighing  a  kilograihine.  The  viiult'iire  of  snake  poison  innrli  exrefits  thr*t  of 
most  of  the  poisonous  proteMs^  of  jfymotje  diKciii^ei^,  lln^ngh  it  i;^  ulxHit  the 
same  as  the  diphtheria  toxin  of  Koux  ntvil  Vei'sirL;'  The  fiillowiiig  tahle  liUo 
gives  the  tt>\'ie  vtihie  of  anthrax  ioxinj''  and  trtXitpi^ptone '•  from  eliolera 
cultures  c^'dculated  in  the  sairie  way  :— 

Diphtheria  loxin     ,         ,    "     .         .         .         .         4,000,(XHJ  (ab>ut) 

Anthrax  alhumoMes  .  .  .  ,  .  HO 

Toxo-peptone  ......  3,000 


pelative  toxicity  of  venoms,  as 
tiixiiis,  }m^(*il  im  the  ratio    of 
,  «..  bitdy  weight.     He  found  the 
ving  nniul»er»  : — 

4,000,000 
3,450,000 
800,000 
250»000 
at— 

4,000,000 
2,000,000 


Animal  Alkaloids. 

Ptomaines  and  leucomaines.— The  word  ptomaine  was  originally 
employed  to  designate  those  putrefactive  products  of  animal  substances  which 
give  the  reactions  of  vegetable  alkaloids,  and  which  are  more  or  less 
poisonous.  The  similar  substances  formed  by  metabolic  activity,  either 
from  lecitliin  or   i)r(»teids,^^  are  called  Jput'oniaitKn. 

'  Piil.lishtMl  ill  Jlrlt.  MoL  Jmini.,  London,  Manh  1S1)2. 
-  Ann.  (Ic  rinst.  rnntrnr,  Paris,  181M,  t(»nie  viii. 

•■'  «,Miot<.Ml  liy  Sims  Woodliead,  "  liactcria  an«l  tln'ir  I'nHlncts,"  p.  307. 
•*  Sidney  Martin,  /.V/>.  Mnl.  Of.  l.iH-al  Gov.  /id.,  London,  1S1H)-01. 
^'  IN'tii,  qnott'd  by  \'au<^'lnin  and  Novy,  "  IHoniaincs  and  L^'Uconiaines,"  p.  109. 
*'  A  disr-nssion  of  tlic  rlioniistry  of  the  orij^'in  (»r  alkaloids  IVoin  piotcids  will  Im*  found 
in  a  i>ap.r  l»y  Latliani,  Lannf,  Loinlon,  1888,  vol.  ii.  p.  751. 
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-  The  importance  of  the  animal  alkaloids  was  first  brought  into  prominence 
'''fc  courts  of  law  ;  the  tlofence  urged  \i\  cerkiitx  notorioua  trials  for  murder,  was 
thftt  the  alkaloid  alleged  to  have  hecn  adminii^tcred  to  the  victim,  or  found  in 
his  stomach,  really  arose  as  tlie  result  of  putrefactive  changes  occurring  after 
death.  It  hjis,  moreover,  been  deraonstratcd  that  alkaloids  existing  in 
dilTerent  forms  of  putrefying  food,  produce  jjoisonous  jsymptt>uis.  Sausages 
made  with  bad  meat,  certain  forms  of  stale  milk  and  cheese,*  mussels  and 
othef  shell  fiah,-  at  certain  seasons  of  the  year,  produce  serious  sympttmis 
in  those  who  partake  of  them. 

It  ha.s  further  been  supposed  that,  in  many  cases  of  disease,  the  poison 
fanned  by  bacteria  in  the  body,  and  which  produceis  the  .•symptoms  of  the 
disease.  Is  of  an  alkaloi«lal  nature.  The  prubability  tliat  cholera  is  caused  by 
«&  alkaloid  was  fii-st  iwinted  out  by  Lauder  Bruntou,'^  from  the  similarity  of 
the  ajmptoms  to  those  produced  by  nmscarine  iK>isnniug.  Two  alkaloids  at 
hasi  have,  in  fact,  been  discovered  in  cholera,  and  in  cultures  of  Koch's 
comma  liacillus,  and  have  been  named  cadaverine  and  putrescine,  but  they 
eaanot  be  the  actual  poisons  in  cholera,  beaiuse  tliey  are  not  markedly 
toxic  The  game  two  alkaloids  are  found  in  the  urine  and  faeces  in 
totally  different  pathological  conditions,  namely,  cystinuria,'*  and  pernicious 
ftosmia.^ 

Alkaloids  in  auimal  tissues  were  first  described  by  lUipre  and  Jlenco 
Jonos;*  the  suhstance  they  separated  they  ealleil  *' animal  i|uiiHiidiiie. '* ; 
&bout  the  same  time,  ^larquardt'  obtjiincd  an  alkaloid  frtuu  a  corpse,  and 
Darned  it  **septicitie.'^  Hclimidf^  and  Tauum  •'  obtfiiueil  a  suh<tiuice  they 
oaiBed  aepsine  from  septic  fluids,  and  they  cousid<Ted  tliat  it  was  the  cause  of 
iepCiei&inia.  Later,  prominent  workers  at  the  subject  have  been,  Selnii,"^ 
Gautier,"  and  lirieger;^-  to  Urieger  we  owe  the  he^^t  uiethrids  of  ubtainiiig 
these  subetances  in  a  state  of  purity.  Urieger  separated  some  alkaloids  with 
such  powerfully  toxic  properties,  that  he  named  them  toxins ;  these  include 
tjphotoxine  (from  cxises  of  tyi>hoid  fever),  ami  tetaninc  ^^  {from  eases  of 
tetanos). 

All  poisons  prcMluced  hy  haeteria  are,  liowever,  not  nere.Asarily  ptomaines. 
In  fact,  many  of  the  toxins  and  antitoxins  have  heen  sliown  to  owe  their 
power,  at  one  time  ascribed  to  ptomaines,  to  the  tox  albnnioses  \\x  poisonous 
proleidi*  (see  "  Protcids  as  Ptnsons/^  p.  55). 

A  few  details  concerning  tbc  princit^al  animal  alkaloids  may  1"'  added. 

Pan*f>Une  (Cf,Hi;,N),— This  was  Mrsl  separated  fmm  the  putrid  Uesh  nf  the 
mackerel  and  horse.  It  is  an  oily  base,  Init  its  e!dor<jiiuiat(i  and  ebloro^ 
platiDate  are  crystalline  (Gautier).'* 

H^lrocollidine  (C^H,.jX,  Ijoiling  jioint  210^  C),  and 

CMidinp  (C^H^^N)  have  been  obtained  fnan  llesli,  fnam  putriil  i"X  panereas, 
tad  from   gelatin.       Nencki    considers   collidine   to   be   isi^phenylethylamine, 

C^Hj— CH;^  vt/*     These  three  Imses  are  ail  highly  toxic, 

*  Vmiightm  s4?[t&ratod  an  alkaloid ^  wliifh   lir  11:1111  t-il  tyiatiisicnii.  rpuii  rt'itain  rurnia  of 
il  cti^eae,  Zisrhr.  /.  ph^mtji,  f'hrm.,  Stra.>+h[nir;^,  IS<J.  x,  W.  1  Iti, 

*  Myti)ot<ixiii  t»  the  alkaltiul  i>e|Kiral<'d  fnmi  iimssf  In  hy  Mrto^fM". 
HriL  AH3.  A<h\  A'r,,  Lt>iidoii,  lS7:i, 
imni  (Old  Uijrans/ky,  Ztti'hr,  f.  phimuL  ^lu-m,,  Stnis.Hliuig,  (M.  xiii.  S,  562; 

it*«r,  Lnncti,  Lomltiu,  1S88,  Vid.  ii.  p.  *>ri4, 

Htfjf.  StK    London,  voL  \v.  p.  73  ;  Ztmhr.  f.   V/tnn,  1S06.  S.  :M8. 
''•vrdt  in  M^i.srhka\^  '*  IUwUk  f.  g<'r,  MwL/'  Bd.  ii.  8.  60. 

Diiw.,  Ili>rimt,  18«y. 

t*(i  Arehh\  \\\\v.  xxvii.,  xxviii,,  ami  xxix. 

^  jiatMM-s ;  »eK  e»i)6triallv  BuU.  Srx.  cfn'm.^  Vnrh,  bune  \i.  ]k  0. 

Die  PtcJiiiaiiits  •  18Kr^  jmrt  i.  ;   ISHfi,  part  ii.  ;  iJ^Stt,  part  ill. 

Vr/.  kltn.   ll'dimchr.,  1SH8,  No,  17.  "  h>r,  .//. 
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Neuridine  (C^^i  \)  is  a  constant  product  of  putmffliCtioii  of  proteids.  It 
is  broken  up  by  um   hydi'ate  into  dimethykmine  and   trimethyliinxina 

(Brieger).  iBomenc  ith  this,  thoiigh  differing  from  it  in  the  eolubiiity  of  its 
salts,  is  mprine, 

Cadaverine^  a  thir  isomeride,  belongj^  to  tljc  diamine  group,  and  in  consti- 
tution is  i>entaiii ethyl  nediamine  (Ladonherg)*' 

Putrtseine  (C^Hj,,  ]»)  m  ako  a  diamine,  being  tetrameUiylenediamine,  It 
usually  accompanies     daverinej  but  as  a  rule  ?naki-\s  its  a(ipearaece  lati^r.' 

All  the  above  are    re©  from  oxygen  ;  the  remainder  are  oxygenatcii 

Neurine  (C^Hj^>  ))  and  dudim  (Crilj^NO.,)  are  constant  produf^U  of 
cadaveric  putref action  and  their  coniititutiun  ha^  been  described  on  p.  21 » 
They  are  toxie^  and  dksrive  additional  interest  from  their  close  i^datioiiship  to 
muscarine  (CjHj^NO.j),  the  alkaloid  of  the  ixiisonouii  mushruom,  Afjarietw 
muscariusJ^      Muscarini  Schmiedeber^    and    Koppe,* 

Schmiedeberg  and  Harr  y  oxidising  choline  with  nitric 

acid.     Brieger  found  it  stirs  in  several  vegcbble.^/* 

The  natural  alkalo  itical,  Imt  isomeric  with  that 

prepared  by  the  oxida  cently  an  alkaloid,  with  all  the 

properties  of  the  mnae  prepared  artiHciiiliy  from  mono- 

chloracctal  anil  trime  tutional  fitrmiilsi  uf  mu^^carine 

is — 


and  it  is  the  aldehyde  of  the  nui.  _ . value  (trimethylglycoeine),^ 

Choline  J  neiirme,  and  mnsc>!uine  arc  oil  toxic  ;  anil  are  anUgonistic  t«> 
atropine,  so  far  m  relates  to  their  action  on  the  heart  and  glamlnlar  ssyistem,^^ 

Gadinim  {GJf^j.XO^)  ia  a  less  toxic  alkaloid,  which  is  mixed  with  tho 
muscarine  obtained  by  Ikiegcr  from  [aitrefying  cod-fish. 

Mi/fihtoxine  (C^H^.NO.,)  is  the  active  agent  in  mussel  poisoning. 

Tiiphotoxim  (C;Hi;NO^")  is  obtiunetl  from  cirlture.^  \4  the  typhoid  bacillui^, 
and  waB  regard ed  by  lineger  \u  the  cliciirical  poison  in  typhoid  fever, 

Tefanh}*'  {^'i  !^l^»^2^4)  ^^*  ^^  ^^"^  suppifsei!  to  bpj  th^i  tt^xin  in  cases  of 
tetanus  (lirieger). 

Gaiitior  completes  his  list  of  animal  alkaloids  by  including  a  number  of 
substances  of  the  uric  acid  group  (adenine,  guanine,  xanthine,  hypoxan thine, 
et<'.),  and  of  the  creatinine  group  (creatinine  itself,  and  certain  sub- 
stances sei)arat('d  from  muscle,  which  are  termed  xanthocreatinine,  C^H^qN^O, 


^  n*-r.  d.  ikvf.srh.  rhcm.  GescUsch.,  Berlin,  Bd.  xix.  S.  2585. 

-  IJriegpr,  Be, 'I.  klin.  Wchmchr.,  1887,  No.  44  :  Bocklisch,  Ber.  d.  dcutsch.  rhem, 
r/rsr/Lsrh.,  Berlin,  Bd.  xx.  S.  1441  ;  Baumann  and  Udranszky,  ibid.,  Bd.  xxi.  S.  2938; 
ZtsrJir.  f.  pliusiol.  ('hem.,  Strassburg,  Bd.  xiii.  S.  562  ;  Bricgcr  and  Stadthapen,  Vircho\c*s 
Arrhiv\  IM.'cxv.  Heft  3. 

"  Tin*  .-///rt//'VM  //nwmr/}«  also  oontains  a  considerable  amount  of  a  non- toxic  alkaloid, 
ainaniliiie,  Neumcister,  "  Pliysiol.  Cheni.,"Hd.  i.  S.  71.     **  *' Das  Muscarin,"  Leipzig,  1869. 

•'  Arch.  J.  (:rpr.r.  Path.  u.  PharmakoL,  Leipzig,  187G,  Bd.  vi.  S.  101. 

''  SiK'li  as  B<(a  vK/i/aris,  and  the  see«l.s  of  vetelies  and  eotton.  E.  Sohiilzo,  Ztschr.  f. 
phi/sio/.  Chnn.,  Str,issl".urj</lSin,  Bd.  w.  S.  140;  and  1892,  Bd.  xvi.  S.  205. 

"  Bochni,  Arch.  f.  cj-pcr.  Path.  u.  PhantirdnL,  Leipzij^',  18S5,  lUl.  xix.  S.  87. 

**  Bcrlinrrbl.ui,  Per.  d.  dmhch.  chcn.  acscllsch..  WivWw,  1884,  P>d.  xvii.  S.  1139. 

■' FoihhI  in  petit  vtihjaris\  bctaine  has  l)een  also  synthotieally  prejiared  from  mono- 
chlorarctii'  arid  and  trinicthvlaniine  :  — 


CII,ri.rOOII  +  N(Cll3)3-}-H„0  =  N 


OOH  +  HCl. 


()H 


^"  The  fall  of  blood  pressure  prodneed  by  elioline  and  neurine  is  of  eardiae  origin 
(Mott  and  Iialli])urton,  "  Proe.  Physiol.  Soe.,"  Feb.  18P7,  p.  xviii.,  in  Jonni.  PhtjsioL, 
Candiridt'i"  Mild   riOndmi     vnl     vvi  '\ 
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craK»ct«atinine,  C.lI^N/>,  ami  aiii|iljierc*aLiiune,  GJI^,^N.O^).  These  leuco- 
IBlflMW are  Te^ardeil  hy  (jiiutier»  JJinKharJ,  pMiichct,  ami  others,  as  ft-ehly  to.xic 
ptodactsof  metal:»olism,  from  whk-h  the  urj^'iiiiism  isiionmilly  froc^d  by  excretion, 
or  by  destructive  oxidnLinii ;  it  hits  been  suggested  tliat  their  retention  in 
the  bodj  may  be  the  cause  of  certain  obscure  fpatliolnfjical  eonditiojus.  The 
poisaDaus  properties  of  normal  urine  are  regarded  liy  some  an  due  to 
ilkalotilft  of  this  nature,  while  others  (St^dthagen)  look  upon  the  inorganic, 
wpecially  the  potassium,  salts  of  urine,  as  the  toxic  agents.^ 

Compound  Puoteips. 

TJie  enmj>f»und  pr<jteids  are  compounds  nf  albumin  our  sidiRtanceB 
with  utLer  imiterial^,  wfiirli  Mre  us  :i  rule  alnu  of  n  t^jniplex  nature. 

They  may  lit?  divided  hiIo  the  folluvviM;^  ^'rniiiin: — 

1.  litspinttttri/  ^tifjmeals.  —  The  rnuHt  important  uf  tlie^e  are 
kmmoglobm  and  its  couipoundy,  rhhrm'ruorin''  (ft>uiid  in  t!ie  l^lotid 
of  certain  worms),  and  hfrmmiianin^  (ft^uiid  in  the  hloud  uf  many 
maUascs  amd  crustaeea).  Ha  looj^doliiti  and  chlorncruorin  are  enm|)innids 
of  proteids,  with  an  iron-eouLaining  ]»iguienL  HaniocyaniM  (un tains 
copper  in  its  molecule.  Tarrn'm,  the  red  ]iijj:mei]l  in  the  fealhers  *>f 
certain  birdfi  (plantain-eaters),  alHu  eiuitainn  copper,  and  though  n«ifc 
respiratory  in  function,  glioiild  {H'f>lKibly  be  indutleil  in  the  sjujie  ;^riuip 
of  snbftitaiices,*  Ihenn^globin  wiLli  it8  derivatives  ami  alHe.s  will  l>c 
considered  in  a  separate  article. 

2*  Ghico-pmtekh. — Cunipounds  of  )>roteitlH  with  rnemberH  of  the 
earbohydrate  gi'oup.  This  class  includeH  nnuins,  mucoids^  hyaJogcUH 
ftDid  phospho-glucn-iin  iteids. 

3.  Niiclrin. — Compounds  of  proteid  with  jthosphnrtc^  acid,  or  witli 
nucleic  acid. 

4.  Ntid€0-}>rot€uh,—Coni\\m\m\s  of  ]iroteid  with  nuclein. 

5.  I^rrith-ulhuiains. — Compounds  of  proteid  with  lefitliin. 
We  may  consider  the  last  four  groups  in  dctnil 

The  gluco  -  proteids. — The  ghieo-protcids  are  ruo,stly  free  from 
phfiephoruH  (onieins,  mucoids,  and  hyalugeiiK),  but  st*me  eontaiu  ]9bns- 
phi>ruH  (phospl iO'ghieo*pr^ *teids). 

Mucins. — The  mucins  are  colloid,  viscous  Hubstanees  of  acid  n^iture, 
soluble  in  alkaU.^,  but  preeipitable  from  such  soluli<in  by  arctic  mid. 
On  boiling  with  <lilute  mineral  acid  they  yield  n  subHtam-e  wbicli 
reduces  Fehhng's  solution.  They  are  found  in  tlie  secretion  nf  niuious 
glnndSf  inc hiding  the  nnicous  salivary  glaiid.s,  and  uf  sbiny  iinimals  like 

'  For  the  priuci|«*l  jwiperM  on  alksilnidal  .<lul>^taTlfM's  in  itriiu%  sti*  Bjuniuinii  ftinl 
rdimtiaxicy,  Zttdtr,  f.  phit§ioL  Chm..  iStrasiibur^,  Wd.  xiii.  S.  5GJ  :  StmJtlui^i'Tj  ami  llric^t  r, 
Firck0ic'4i  ArcAip,  M.  ex  v.;  Stadthageii,  Zfschr.  f\  Uin,  .Vof.,  Hrrlitt,  1889.  H<1.  xv.  lb  lUt 
5  Mid  6 ;  PoucLet,  Compi.  trfid.  Jeoti.  d,  sr,,  VmiH,  toinr  xiviji.  j>.  1360;  BoitHiaid,  ihli/., 
lame  cii.  pp.  66l>,  727,  1127;  GnititliH,  ihirL,  tmiwHvxul.,  txiv.,aijd  cxv.  ;  tJjiutfiT,  Iltt/f. 
Joad,  dc  ffud^t  Paris,  18S6,  tome  xix.  A  rcry  rom|»K'tr'  liiMif)^irij>liy  wil]  1m:  IViMiid  in 
t-Keubauer'fl  **  AniilyHe  d**8  llanin,"  IHli  f^Htioji,  \k  21  L 

itrera|GCM,  iMje  Qmntfci*,  *M^hyi»i<jlii>;irHl  Ciii'iniwny/*  v^L   i.   ji.   J:\\  ;    Kniki-iibtm, 
phyiriol.    Sttidicn/  2tc   Relliiv    Abth.    1,  S.   ^7;    l^iike?.UT,   Jovni.  Jtwi.   awl 
T  jndun,  voL  ii  p.  114;  voh  iii.   \k   110.:  MufMnim,   (^hutL  Junrn.  Mkr.  Sc, 
L  IS86. 

icq^  Bu/L  Jetuf,  roy,  dc  nuid.  tk  Hehj,^  nnixelles,  1H78,  St^r.  2,  toni(*  xlvi.  Xn, 
irtotj,  Jmtrn,  Pftimtif.f  Caml>iid^'p  and  bimdon^  vol.  vi.  ]>.  aOO.  lu  the  Jatler 
*X)Us  rcfcTenceK  to  olh#-r  writers  will  In-  iVmiiib 

^uiruht  Proc.  liop,  *Vot%  London,  ISGH.  vol.  xvii.  p.  ^at* ;  Phil.  Trans.,  Louden, 
«  p,  <J27  ;  1892,  voL  elxxxiii.    p.   Oil  ;  A.  Uaiii^te^  Pr&c,  Roy.  Soc,  Lmitfimf 
p«  3S9. 


6a      CNEMIC 

snails.^     A  inn  cm 
it  IB  alm>  the  nioH 
eubatanci*  of  connt 
in  the  jdly-likc*    i 
jelly  * ),  and  in  tend 

Elementary  analy 
be  Koen  from  the  foil. 


70NSTITUENTS  OP  BODY  AND  FOOD. 

mm  found  ill  the  in  vehtmeui  around  frogs'  eggs;* 
nifMirtant  t^onstituent  ni  the  in  tercel  hilar  or  ground 
tivG  tiHBiieB,  and  lias  been  ewpeciallj  iiivestigati.Hl 
Hinectivu    tissues   (vitrei  uis    hnnionr,^    Wharton  ran 

is  of  (Jiflereni  nnjcins  has  given  d liferent  result^j  as  will 
k¥ing  tablt;:  — 


HKAIL   MlJ4     Wk 

Tin  Don  Mm:m, 

HllMC43UIv^ARV  llurili. 

M411]  ijtijifittiit''' 

UpeUifcdiJ          ChitleiiiU*n.» 
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L'fi^ea 

The  miiciiis  thua  id  considerably  less  nitrr»geHi 

tlian  proteids. 

DaompoHitloti   pri\,.^K^^  —IV    ^^^*'   action    of    HU]terhcatcd 

JstCiini,  ii  ear bohy< Irate  is  hj  jniieiii,  ^vfn(  h  wuis  esdlcd  iininiiil 

gum  l>y  Jxindwehr.i^  He  uHsigiiH  t(^  it  the  forniulM  (rjI,„(.K).  Ijy 
the  action  of  dilute  mineral  mVU  this  in  convtn'ted  intun  rcihicing  hut 
nrm-finiucnUdile  i^ugar  lu^  gunnnose  (<  ■JliX)^.),  The  i^iun-like  rtubsUiice 
obtained  frmn  wnbniaxillary  luncin  cnntaluH  nitingcn.^^*  The  migar 
obtained  from  tendon  mucin  liy  (Ijitlendeii  yielded  an  tKH;i;ii»ne  melting 
at  loo*",  and  resemhled  thai  obtained  frf an  iientoses^.  R  Mnller^^hn^ 
inveHtigatcrl  tlie  mucin  of  .sjiutuni.  He  found  it  yielded  aw  niirch  a8 
1^5  to  -Vl  per  ciMit.  i»f  a  redueing  substance;  this  is  not  a  penttme^  Init  is 
prubiibly  ^lueoHumine. 

1  Eit^lkWtiM,  Ann.  d.  f'hrju,^  hm[t-/\g,  Mih  t'xxxir. 

'^  Gifti'fifja,  j/^iHiT^f.phtjmjl.  Vkcrn.,  Stni'*wlnir^,  Ud.  vii.  S.  40;  U Amnmriiien,  Arch.  f. 
d.  tffs.  Pfitfsitii,,  BojTnj  Jki.  skxvL  ;  Wrilfi^iitlt-ii,  Jottnk.  rhi/fiitd,,  CamVuiilge  jaihI  I^jiiiloii, 
vnt  V,  II.  1*1. 

^  K,  A.  VouiJp,  Jfntrji.  linfHiirf.f  OuiibrMgc!  aiifl  Lijimluiii  l**94i,  vol,  -svl.  p.  32r»  ;  C.  Tli, 
hhtnier,  Zt^Jtt\  f.  }ifitfiti4i/  f  V^fu,  f^trassburg,  18f*;;5,  lid.  xviii.  .S  2^5,  Kelertiifi's  to  previotia 
literatuTP  will  hi*  IViuini  in  tlic*?!.'  pijior*,  Voiiug  anivrxi  at  the  caiioluM«jn  Uiat  the  prmcifwl 
mibstniKo  m  virn^ous  laain>ur  ir*  imidrtogen,  Jiot  nkumiL 

"•.lenistmni,  Jahr^Hk  u,  ^L  IV*ff»iJtr.  if.  TA/t  '  ^/- ./;.,  WioKlmilru,  1SS!^  Bel  x.  R.  :j|. 
Young,  /rx*.  cit.,  sc  para  ted  two  mucins  from  the  Whartoniaii  jelly,  one  sohible,  the  other 
insoluble  in  cxcoss  of  acetic  acid. 

*  Hollett,  SUinn^fsb.  d.  k.  Akad.  d.  Wisiicmch.^  Wicn,  IM.  xxxix.  S.  308,  Strickor*s 
"  Handbucli,"  Iki.  i.  S.  72.  Loebisch,  Ztschr.  f.  jthyswl.  CIvcm.,  Strassburg,  Ud.  x.  S.  40; 
Cliittenden  and  ^lies,  Journ.  Exikt.  Mcd.^  Haltiniore,  189G,  vol.  i.  p.  188. 

*"•  ArrJ).  f.  d.  (/t's.  J'/n/sioL,  Bonn,  lid.  xxxvi.  "  L<tc.  ci/. 

^  Loc.  ('it.  The  high  percentage  of  sulphur  found  is  attributed  by  Chittenden  to  proteid 
impurities. 

'*  Zfschr.f.  phij.'iiol.  Chrm.,  Strassburg,  Bd.  xii. 

^'^  Af'c/(.  /.  d.  ijrs.  J'hj/siol.y  lionn,  Bd.  iv.  S.  336.  Probably  Obolensky's  prejiaration 
was  not  so  pure  as  Haniniarsten's. 

^^  /tschr.  f.  ph]isioL  Chem.,  Strassburg,  1881,  Bd.  viii.  S.  124,  199;  Arch.  f.  d.  ijcs. 
PhjfsioL,  Bonn,  Bde.  xxxix.  and  xl. 

^■-  Hamniarsten,  "  Physiol.  Chem.,"  3rd  German  edition,  ]>.  39. 

^3  Ctntralhl.f.  Physiol.,  Leipzig,  1896,  lid.  x.  S.  480;  SiUunysh.  d.  iksclhch.  z.  Befiird. 
d.  ges.  Nalurw.  zu  Marburg,  1896,  No.  6. 
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By  the  action  of  t!ilut<?  iiiiiieral  aeids  011  itiiiein,  tliin  raluehij^  sub- 
rtince,  whatever  it8  exact  nature  is,  \^  h1h<i  nlitaiin-d,  tnj^'etlier  with  Hyntnniii 

ptote<»se-like  tnaterialw,  h\>\\\  \Xw  proteiil  jisiit.  nf  tlu'  iiiuriii  uiidefulc 
aciib?  leiul  tu  tlie  fnriiiaiiun  nf  ltnunm\  tyn>siiu\  niid  Icviiliiiif*  acid 
(lamlwehrK  StrMii;;^  alkjtUs  learl  to  the  format  inn  of  wiiiiihir  inmhictB  ; 
but  weak  alkalis,  like  Uintj  watiT;  have  no  ellect  nii  teiuloininicin,  thniigh 
they  rea<lily  hreak  up  Hiilmiaxillary  umciii  (I/teliiHt  h),  Tliere  in  a  good 
deal  of  «litfeience  aiiinng  tlie  miK-ius  in  tliiMr  snhihihtii-s  in  acid  and 
alkaline  snlutjnus.  Obnlcnsky  nlitaiiied  jiyn>eatLn  hin  \\\  hoiling  siil> 
miixillary  inw^in  with  f^nLstic  8nda :  hiit  1  have  not  yueeeeded  in  getting 
tl  frt»m  cimneetive  tisHiie  nnieiii.^ 

Tlie  put  re  fact  ive  products  of  mucin  are  Biiuilar  to  those  obtained 
hom  pn>teid8. 

MuroitU  or  m f tr I ftoifh,— ThvT^v  niti  1  unci n  like  saljstiuices,  whielt  ditl'ur 
from  the  true  nuicinn  either  in  being  nnii-{iriH_^i[»itab]u  ftxiiu  idkiiline  solu- 
tions  by  acetic  acid,  or  in  biViri^  resniily  snlubk^  in  t^xwi5,s  of  at-etic  acid.  The 
designation  wa^  original  ly  givL*n  to  tbi.s  claea  by  Ifammai>tenj  and  in  dudes 
the  folb^wing  siibst^Luces :  — 

K  The  mnein  from  vitreons  hinnniir, 

2.  The  niui'in  from  i^ariihge  —  rhoftfh'O'Wuntifl  (jsce  **  Cartilage  "). 
3-  The  nuieiii  from  cornea — cornf^a-invrofrf.' 

4.   Psetuffhmfifitt  ;  the  culluidlike  !>nbsLiin!i' nftuii  fnund  in  ovririjia  fluid?!, 
ild  previously  known  its  p.iralbntiiin  and  an  taUiuniiu.  • 
S*  A  aimilar  muroid,  sometinia'^  ftmnil  in  asscitic  llnid.'' 
S^   (}vomuojirf^  a  nineuid  fonnd  in  wlnte  of  v*^g.     Thi?^   ^^ns  first  t^tudiud 
by  Xetimeister,''  who  i^aHed  it  iiiieUilo-pc|vknn%  tbtn  iiy  Salkowski,'^  and  linally 
hjf  C.  T,  Monier,"  who  identifiiHl  it  as  a  nnn  nid. 

7.  Paraunicin^  a  substancti  fniuid  s<njietiines  in  ovarian  cyst-s,  dilicririg 
from  piieudomncin  in  reducing  I*\diliitg*ji  s*»IuLinn  witbmit  previous  treutiuent 
with  acids  (K,  Mitjukotfj.^  Leatbes,''  wbn  lias  worked  at  ibiH  .^uljstance  ujuler 
Dtt?chi?€rs  supervision,  finds  that  the  reibiring  subshiiire  yields  un  (>sa/jme  ; 
that  on  deeonijjosjtion  it  yields  sulj^bnric  acid,  and  tbun  reM'inbles  elmndro- 
mucoid;  and  on  treatment  with  hydrochloric  aeid  it  gives  otrcarlxmie  aidiydritle. 
Its  nature  is  ^till  uncertain. 

H^alo*jens, — -The  term  byalin  was  origintilly  iipplierl  Ut  Lln'  principal 
^•n^iituent  of  tbe  uall  of  hydatid  cyst^J"  Krukeidjerg "  ixteinicd  ibe 
tmaie  to  allied  siibstfinees  obtaiuahle  finm  ollnr  aniuiul  stnteturef.  In  tbo 
naturat  state  tbe^c  nubstances  are  insoiuhle,  arui  are  teruu-^i  liyalogens ;  by  tbe 
•ciion  of  alkalis  or  8Ui>erheated  water  tbey  are  convertcfd  int«j  the  soluble 
byalins*  Neossidin  is  the  hyalin  obtaiued  from  rnMjssin/-  the  chief  con- 
i^toeni  of  the  edible  birila  nest,  Cbontlrosidin  and  tbondrosin  are  tbe  byaliu 
tad  hyalogen  respectively  obtsiined  from  tbe  sponge,  Vhifffilntsia  revi/ttrmh% 

'  8*«  »!«o  Young,  lot.  uL 

'C\T.  MoriKT,  Zfjiekt.f.  pfnjsitti.  Clt^m,,  fyUast^hm^,  UJ.  xviii.  8.  2111. 
'  HanimAratfii,  **L«;'!hTlMi('li  il.   jtliy>iifiL  ('hem,/'  ;Jnl  Ih nnaii  nblion,  S.  'UUh     S*'i*  also 
Hininriirsten,  Jahrriih.   iL  d.  Ftrrtftrhr,  tf.    Thit  rC^tt^ti,,  Wii^sl»a«l"'rj,   I'^l.  \i,  S.  1 1  ;  LaiHl- 
w^hr.  Ztxhr,  f.  phifitifiL  t'he^u.,  StnisMlaug.  tM.  viL  S.  lis. 
—  -rsten,  tV>tVy.,  I8&I,  ltd.  xv.  S.  JOti. 
f.  Bioi.,  Muncheii,  Bel  xxvii,  i4,  3(>1*. 
U/  rf.  vif^d.  /f'lAwwcA.,  Berlin,  1 H^:!,  ^^J^,  31  fkml  13. 
/.  physiol.  Chem.^  Strasaburg,  Ikk  xviii.  S,  626 ♦ 
,,  DiJW.,  BerUn.  1895. 

•^'^'^ation  ti>  ritywiolQ^cal  Socii-ty,  Loivhm,  Oct.  17,  389»5  (not  puMiwbetl), 
Iir/foira  Arthiv,  M.  xIk.  S.  1^^J*. 
Bioi.,  Mtnicben,  Ikl.  xxii,  H.  'JiM. 
"Tl  "neosain"  is  Mulder's,  Mti/L  firs  .v.  phtja.  in  Xtfitrfandr,   1S38,  8.    172; 
PhjfSUtl^r  Cambridge  and  Loudon,  vol.  vi.  p.  40,  pointed  oul  the  resemlilanee 
AUnce  to  tmicin. 
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spirographMin  i\ii^  Lrographin  from  the  skeletal  tie^sues  of  the  wonn  Sptro- 
f^i'ajfhis.     Kmkei  obUuned  a  liyalogeu  also  frDiit  tlie  tul>ei5i  of  Ofmplais 

tuhicolat  ariotber  **v  the  membrane  of  Descemet  and  Icius  capi^ule  {membrauiiij 
C*  T*  Mdrner)j'  anu  mother  from  hyalino  cartilage  (now  called  chondroitiri' 
sulphuric  acid,  isee  "  arttlage  ").  These  aubytanceii  are  all,  like  the  rmieiris  and 
mucoids,  det^oniposcd  by  acids  Mith  the  formatiou  of  a  reilucing  sulMtancii, 
They  diiJ'er  from  tht  muciius  in  some  uf  their  solubilitie&j  hut  it  is  doubtful 
whothor  they  should   fe  classed  apart  from  the  mucoids, 

PhrMphihtjluaj'pTi  ;'/£?^-— These  sul^sttuioes  not  only  yield  a  reducing 
carbohydrate  or  carb  lydratedtke  body,  like  tlie  mucins  and  mutnud.'^,  but  on 
gastric  dijrestion  thej  leave  a  residue  of  pseudo-nuclei n,  a  auh^timee  which, 
like  nuck'in,  eontaiiiB  pho^plmnu^.  rseudo-nuclein  doe^  not,  however,  yield 
bodies  of  the  xanthine  group,  on  further  decomixj^ition,  as  do  true  nuelein^ 
Among  these  suhsttmcei 

le  eggs  of  the  carp  by  W'jiJior,- 


'  tlie  snail  {Helijc  pqmaiia),  and 
alis  a  levorotatnry  caHioliydrate 
ducing  sugar  i^  obtained  by  the 

of  tlie  pancreas  ia  a  complex 
to  be  identical  with  trypsin ; 
id  and  a  phowpho-gluco-jiroteid. 
'eatment   with  dilute  acids,   is 

m      reducing  sugardilce  Eubtitauces 


(a)  IchfhuJin^  a  sub 
and  at  first  sujiposed  to 

(6)  HdieO'pmteifl^  t 
separated  by  Hammars 
(animal  ^inistrin)  is  spl 
use  of  dilute  mineral  a 

(c)  The  imncipal  c 
nucleO'prDteid  which 
by  boiling  this,  it  is  ej 
The   Hugar  which    thl. 
probably  a  jKnitose  (see 

Kosscl  and  his  pupils  hi 
from  yeast  nuclei lu 

In  concluding  the  subject  of  the  gluco-j*roteids,  it  may  again  be  mentioned 
that  Pavy  rcgiudi*  all  tho  conmion  yiroteid.H  (cm^ein  excepted)  ais  having  a 
glucoside  constitution  (see  \h  30 )>  Whether  ihi;!  be  so  or  not,  the  fact  insisted 
upon  by  Piivy  that  a  earbohydtate  may  be  obtained  by  hydrolytic  decompn- 
sitiou  i>f  proteidft  has  been  confirmed  by  other  observers.  Thus  K.  Murnor 
uhbiiru'd  frum  sacrum  globulin  a  reducing  substance  on  treatment  with 
hydrochloric  anid,  whif!h,  like  Pavy's,  is  optit:ally  inactive  ;  hut  failed  to  get 
such  A  jsuh-itsMice  from  puritied  myosin,  vitellin,  cryr^tallin,  serum  albumin,  and 
egg  albumin.  He  got  it  from  iibiiii,  but  tionsidered  that  it  wjis  due  to  carbo- 
liydratc  in  entjin;^flcd  blotid  eoriniscles.*  I  myself  wa^  at  one  time  of  opinion 
that  Pavy*s  re.'^ulu,  which  were  ikrincipally  ohtainerl  with  egg-white,  were  due 
to  the  admixture  of  the  pure  albumin  with  a  mucoid  (ovomucoid,  which 
existuS  l(j  tht*  extent  i3f  10  ]ier  cent,  in  egg-white) ;  but  I  learn  from  I>r.  Pavy 
that  hii^  nictboil  of  pn*paring  coagulated  I'gg  white  wottld  fxcluilc  any  large 
admixture  rif  this  kind,  Pai^y^n  work,  moreover,  Ims  been  recently  confirmed 
by  N.  Krtiwkow,'^  He  found  egg-white  difficult  to  obtain  fn*ii  from  ovomucoid, 
but  tlie  jMirest  jn'oduct^  he  obtruned  always  yiebled  a  reducing  subsl^mce, 
which  t^avc  t\  frv^tfillnie  o:-(;tzone  (nicltim;  rit  IKV  to  \f^T  C.  :  Pavy  ^nves 
189"  C).  Tins  reducing  substance  he  regards  as  a  carbohydrate,  though  He 
does  not  commit  himself  as  to  its  identity.  He,  however,  never  found  pen- 
toses, nor  did  he  find  that  the  gastric  digestion  of  a^^  albumin  yielded  any 
carbohydrate.  Tlic  same  carbohydrate  was  obtained  from  acid  albumin, 
alkali  albumin,  albumose,  peptone,  fibrin,  serum  albumin,  serum  globulin, 
and  lact  albumin.  Casein,  vitellin,  gelatin,  and  nucleo-proteid  from  j>eas 
gave    a    negative    result.     Albumin    from    peas    yielded    an    osazone   rather 


^  Ztsdir.f.  phi/sloJ.  Chnn.,  Strassbiirg.  Bd.  xviii.  S.  213. 

'•^  Arch./.  (1.  gcs.  P/nfftiol.,  Bonn,  Btl.  xxxvi. 

■*  Ztachr. /.  phifsiol.  Clteni.,  Strass])urg,  Bd.  xix.  S.  19. 

5  t\iitraihl.f.  rhysiuL,  Leipzig,  Bd.  vii.  S.  .^)81. 

«  Arch.f.  d.  (jcs.  rhysioL,  Bonn,  1896,  Bd.  Ixv.  S.  281. 
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4^eteiil  in  its  characters  from  the  one  just  described.  H.  Weydenianu'  has 
ibd  confirmed  Pavy's  work  ;  btf  cuiisiders  that  the  material  in  the  iHoteid 
thtft  jields  the  reducing  substance  is  identical  with  Laiidwehr's  aiiinial  gum. 

The  nucleins. — Lander  Briintoii*  described  tlie  nuelei  of  the  red 
les  of   birds  as   consisting   of   a    imiciii-ltke  RubHtaiict.\     V\m7.f 

r,  found  that,  though  the  material  in  ifuestion  reseiiiblud  intu-in 

I  tCs  solubility  in  alkalis,  and  iireriitiUibilit y  by  acids,  it  vvus  not  nnicin, 
as  it  ooDtaiiu)  a  high  jiereentage  of  phospborn^,  Abrnit  the  mnif  time 
Mkai^er  ♦  separated  a  similar  phospboruB-rieh  snbHtance  from  the  nuclei 
of  pus  corpuscles;  the  pus  was  suhjeeted  to  fTitstne  digest icni,  ami  the 
mridn  alone  remaineii  undissolved.  Ltiier,  Miewelier ''  prepared  a  siinilar 
gtibatonce  from  the  spermatozim  of  ditlereni  ainmals,  and  from  egg-yolk  \ 
Hoppe-Seyler,^  Ko«Kel7  and  Dxnv «  from  yeuHt,  Ph'^wz^  frmn  the  liver, 
Jrinnrh  ***  and  (Jeoghegan"  from  brain,  Lubavin  *-  fnaa  euws' milk,  and 
Wonn-Muller  *^  from  egg-yolk. 

It  was  wxin  6urmi8e<l  that  iruelein  is  not  a  single  sidistance,  because 
Ibe  different  nucleins  vary  in  their  solubilities,  and  even  in  their  compo- 
lilioiL.  Miesehfr^s  nnclein  from  sjK:?rmato;;i»ii,  fnr  iustEntt-,  rinitained  no 
JUT.  Of  recent  years  our  knowledge  tif  tbf  nucleins  has  been  con- 
ibly  advanced  hy  Kossel/*  Liebcrmaim,  antl  others. 
It  haa  long  been  known  that  nictH|>hospli<>ric  aeid  is  a  prc<'i]atant 
of  albaimiL  Liebermann  ^^"^  examined  tfiis  ]>rL'<'ijnt!itc  ami  biund  that  it 
five  matlj  of  the  reactions  of  nuclein.  He  therefore  came  to  the  con- 
thafc  nnclein  is  Himply  a  conqMHiml  of  albumin  with  i*hosplHirir 
Malfatti  ^"^  carried  this  idea  still  further,  for  he  found  tbal,  by 
fractional  precipitation  with  difterenl  amounts  of  pliosphoric  aeid,  he 
w»B  able  U%  obtain  a  chain  of  nucleins  with  didcrent  amoimts  of 
phosphorus  in  each,  ami  with  varying  solubilities,  corresponding  closely 
with  those  obtaioahle  from  nuLdei. 

Poiil,^'  however,  very  soon  Hlmvse<l  that  Li cber maims  |>rceipiUite 
diilen  bom  true  nnclein  (/.r.  tlic  nnclein  from  uiirk-i)  in  the  fact  tliat 
lahrtances  of  the  xanthine  group  are  not  obtainable  fnan  it  on 
daoompOBition,  and  Kossel  ***  has  cunteslcd  Liebermaiin's  and  Malfattis 
mwa  chiefly  on  the  s<imc  grounds, 

Koesel  divides  the  nneleins  into  twt*  grout>s,  II10  Hrst  is  that  of 
the  true  nucleins.  These  are  obtainable  frnm  nuclei ;  they  yield  on 
daoompoeition  the  xanthine  liases— fiypoxardhine, adenine,  and  otficr  s\ib- 
alaooes  of  the  same  group.  1'lie  seeond  ehiss  nf  nm  Icius  may  be  railed 
pseudo-nuclei  ns,   and    include    those    obtainalde    fn^m    milk,  egg -yolk, 

'Iiaftag.  Dww.,  Marburg,  ISPeJ ;  CfniraihLf,  Physiol,  \A\m^,  ls97,  BtL  x.  S.  7 in. 
^  Jomm,  Anal,  attd  PhnsioL^  Loiidmi,  2im1  series,  voh  iii,  \k  SO. 

•  B«|*lie-S«fyler,  "Med."  Chvnu  Untersueli..''  1^71.  Ihfl  4,  «.  4G0.  ^  Md.,  .S.  411. 

•  y^erkandL  d.  mUurf.  Geseittch,  in  B'U^f,  1871,  "^^t  i, 

•  •*Mfd-  Cheni.  UQter«acli.;'  Bd.  iv.  S.  :m. 

^  ZiMchr./,  physiol,  Cfum.,  8tra&tlmrg,  Bde,  iii.  aiiil  \v. 

•  Arrh,/,  cf.  j/^.  Hi/swl.,  Bonn,  1880,  }\<\.  xxii.  "  ffmL,  (M.  vii. 

*  itid,,  Bd.  xiii,  ^'  Zf^hr.  f.  phifsioi,  Che  in,  t  ^Inisahnr^,  brL  i. 

Jeniich,  rhem.  (Jtsetlnch,,  Berlin,  Ikl.  x.  S,-i2l]7\ 
d.  (/€*.  PhysioL,  Bunn,  187^,  Bd.  viii,  S.  V.}(i. 

ipwioL  Cfum^f  StrasAhiirg.    XumcrouH  pafxTH  From  Bd.  viu.  Lo|>n:5tiit  time. 
^.  ehem.  Geadlxh,,  Berlin,  Bd.  xxi.  8.  &1+S. 
u*iArur.*f?Md.  Ver,  in  Jmisbruck,  18W1-92,  IJ^l.  xx. ;  Zf»chr./.  phifsioL  Chem,^ 
»  jtvi*  S.  e9 ;  xvii  S.  8. 
^jfwhl,  Chem,,  Stiassliurg,  Bd.  xiii.  S,  *2i»2, 
gC  phpainl,  Qt^ell^h.,  Berlin,  Oct.  21,  181*2  {in  Arch.  J\  Ph*j!iioh,  Leipidgp 
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and  Lieberiiiaim  b  artificial  uucbiiL  Altiiiaiui  ^  i^binved  lliat  tlje 
nitrogenous  lias^es  ji  tt  alluded  to  originate  from  a  complex  organic  acid, 
which  he  tennet!  m  -hie  acid,  and  that  the  true  nucleius  dlifer  from  one 
another  in  the  relat  ve  quantities  of  proteid  and  nucleic  acid  which  they 
contain.  Nucleic  a  id  it^  free  from  sulj^hur,  aud  is  in  fact  identiciil  with 
Miescher's  nuclein  from  Bjieriuatozoa,  Mie^icher'f^^  fonuula  fur  this 
sulphur-free  uiaterul  was  UapH|„N4\0£r  KoBserB  m  {^^Yiy^,^\Oy^, 
More  recent  iuves  g^itiouB  by  Miescher,^  wldch  were  not  piddislied 
until  quite  recently  Rafter  his  tlcatli),  liy  Schmiedeberg,  led  bim  to  adopt 
the  formida  C^^^Hj^N  jOiXAVJo)-  f*Ji"  nucleic  acid.  He  further  eoiiBidered 
that  in  the  .si»erioat;>2oa,  thi^  acid  is  uuited  to  i»rut.iiuiine.  An  exami- 
nation of  a  j»re[iaraiion  of  nucleic  acid,  made  flam  yeaat  hy  -rUtmann, 
showed   that    here   t'      '         ^  '  'i^,N|flU£2(l*^U^\  (sec   further 

under  "  Spermatozoa ''  lot  give  tbe  ]iruteid  reactions. 

The  relative  aim>uut  (  -eiit  juieleiii^  ciui  be  rougVdy 

determined  by  mici^o  tb  aniline  dyefc^,  nvieleic  acid 

having  a  great  utfini  etliyl-green.** 

Hoppe-Seyler'y  c  iw  tbe  follownig  ;— 

1.  Nucleius  bke  t  m%  whicb  contain  nt*  proteid^ 
but  consist  only  of  n\j 

2.  The  true  nueh  nuclei.  They  yieUl  proteid, 
xanthine  or  alloxnri  xaiitbiue,  guanine,  adenine), 
and  phosj)boric  acid.  muleic  uciil  ocunr  in  the  eliro- 
matic  fibres  ui  tbe  nucleus                       nclcic  at-id  iirc  the  imcleins  which 

occur  in  the  nucleoli  {ijj.  pyre ,.  ,..a  whicii  eonstitote  tbe  chief  bulk 

of  the  subst^mce  called  plastin  h\  bistologists ;  these  are  comparatively 
insoluble  in  alkiilis.  Tbey  forui  niunerous  links  in  a  chain  wliieb  passes 
insensibly  iutn  tbe  gi'oup  uf  tiic  luielco-protcidH. 

3.  Tbe  para-imclein?^  (nr  pseuduHmcleiny) ;  tlicac  are  tbe  nucleins 
obtainable  friini  nucleojjruteids  (caHeiuogcn^  vitelline  cell  nuclen-]u\)teids). 
They  yield  (like  Liebermann',s  artitieial  nuclein)  no  ]iitr<igeuinm  bases, 
but  only  proteid  and  pho!S[iboric  acid  on  iKJiliug  witb  water  or  ddute 
acid.  Tbe  nucleo-proteidB  uf  cell  protoplasm  c^n  only  be  provihsionally 
hicluded  in  thin  group;  tbey  contain  ho  little  imclein,  that  even  if 
xanthine  bases  were  obtained  froni  these  (and  the  ]K>int  doei*  not  seem 
to  have  been  thoroughly  investigateil  yet)  the  ttniall  yield  might  eiie^pe 
detection.  The  nucleo- prate  id  from  muBcle  yields  some  of  these  bases 
(see  "  Chemistry  of  Muscle  "). 

There  are  at.  leiLsL  four  mitlcic  ndd^.  Thoy  are  cnitipouiub  of  an  acid  with 
various  leases,  mh-Ii  t\A  adeiiiiiej  hypuxatiLliiiu^j  guiuiiiic,  iuid  xauthine.  They 
differ  in  tlie  amount  and  chiirautcr  of  tint  kises^  aad  in  the  iicid  with 
which  these  ki^siis;  are  coTubim^d.  That  from  the  thymus  is  eallod  atlfoylio 
acid  (from  the  fact  thut  its  chief  ba^^e  is  adenine).  This,  when  boated  with 
sulphuric  acid,  yields  a  crystalline  substance  called  thymin  *  (C>,H^3X^,0.J), 
cytosine,  aiunmnia,  Icvulinic  acid,  formic  acid,  and  i)hosphoric  acid.  The 
yield  of  cytosine,  a  new  crysUilline  base  (C._.ili..^,Xi,.04  +  5H.,0)  amounts  to 
about  2  per  cent,  of  the  nucleic  acid  employed.  The  presence  of  Icvul- 
inic acid  among  the  products  of  decomposition  is  signiticant,  and  shows 
that  adenylic  acid  contains  a  carbohydrate  group.     This  agrees  with  ])revious 

1  Arch.f.  Physiol.,  Leipxig,  1889,  S.  524.     See  also  Kossel,  ibid.,  1891. 
-  JrcJi.f.  t'rpcr.  rath.  u.  PhaDiinkoL,  Leipzig,  1896,  Hd.  xxxvii.  S.  100. 
3  For  a  criticism  of  these  iiiiorocliemical  inetliods,  see  Heine,  Zlschr.  f.  }}hysiol.  Clicm,^ 
Strassburg,  Bd.  xxi.  8.  491.    • 

■*  Ko8sel  and  Neumann,  JJcr.  d.  dcutsdi.  chcm.  G'SclhcJi.,  Berlin,  Bd.  xxvi.  S.  'Hh'i, 
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ul    Ku.^^el,  who  obtained  a  tarbohydrate  fri'm  the  nucleic  arul  of 

Xosael  ftiiil  Niiumiiun  -  liave  further  shiivvu  tluit  adenylic  acid  yioldH  also 
fe  new  acid  called  thymic  acid,  preci|pitahlc  as  a  bariimi  sail  (C,,jllj.,NjPoUi.d5a), 
Tli«  acid  iii  re^viily  Holahk  111  cold  water,  and  ditFcrs  from  nucleic  acid  in  not 
being  pr«}»ci[»itated  hy  mineral  acidB.-* 

Besearchen  8uch  as  these  shi>w  how  t^^utupliciited  the  nnUjeut  is,  and 

much  yet  reiMiiiim  to  1j€!  discoveretl,  espetdally  re^anliii*,'  the  inndeiii 

The  micdfin  tjases  are  C(jui|mrativelv  sinijde,  auil  the  jniu*  i|»al 

i  may  be  arranged  in  two  group.H: — 

AfUminr  hajs  tlie  formula  *  vH,=.N.v;  on  hciitiii<^^  it  with  .sulphuric^  acid, 

XH  i«  replaced  i*y  O,  and  ht^porm} thine  m  foniU:!<l : — 

(*denine)  (water)     (liyiMJXiuilhiiH')  (HiHiiiouia) 

Botb  suljstauces  Ci>ntain  a  raditde,  (J^^H^X,,  wliich  Ktj^sel  terms  aJntf/l ; 
adfloine  is  its  imide,  hypoxauthiiifc;  it«  oxide.  Tiie  following  CNiuatiou 
rilOWS  a  similar  relatioiLship  halw tan  (fUftnuu'  ami  ivtinthiMf: — 

(gnaijiDc)  (water)     ixantliiih')     (luinnoiiift) 

Ou  comyiaring  the  fornuihe  of  liypoxauthine  and  xanthine  with  urir 
add  (CjHjNiU^),  we  nee  their  ehi.se  rehitit»nshi]«.  Leaving  a.side  cither 
pnsBihle  ways  in  whieh  ui*ic  acid  in  undouhtedly  fornu*d  in  the  orgauiHui, 
we  have  here  a  way  in  which  urie  aeid  may  arise  hy  oxidation 
from  the  nucleiii  hai^es,  and  thns  ultimately  from  the  nuclei  of  eulln,"* 
The  name  "alloxuric  hases"  for  these  Hubstam^es  wuh  suggeHted  by 
Kni'ger  and  WultfV^     They  are  often  8[H»keTi  of  as  the  '*  xanthine  basen." 

The  nucleo-proteida.— Tliose  are  eonii>ouiiils  of  nrndein  with  pro- 
tcids.  The  ainonnt  of  proteid  matter  is  large,  run  I  the  snljstanees  in 
question  give  the  reactions  of  proteidw,  ami  in  their  Mohihiltties  ajjproaeh 
Ycrjr  iietirly  to  the  glohulins.  <Jn  gastrie  digention  the  imelein  they  eon- 
tAtn  is  left  as  an  insolulile  re.sifhie,  hut  no  |Kinereatic  digestion  a  good 
deal  of  the  uuclein  is  dissolved,  and  presimiably,  wlien  tfiis  iK^'urs  tn  tlte 
botly,  is  ahsorljeiL* 

Hamnianiten  divider  the  nuek'o-proteids  into  two  classes;  the  first,  to 
which  he  restricts  that  name,  yields  true  uuclein  on  gastrie  digestinu; 
the  other  class  he  eallw  nueleo-albumins:  tln^se  yiehl  ]>seudo-mieleiii  on 
gastric  digestion,  and  imdnde  easeinngen  ami  vitellin.  In  addition  to 
Uiejse,  there  are  the  phospho'glueo-]>ruteids,  which  have  alreaily  been 
descrilied  (j».  64). 

Nucleo-proteids,  using   the    term   in   the   widest   sense,  are   ohtain- 

*  Koaiel  Mid  Notinmmi,  /»Vr.  d.  fkji/«eh.  dutn.  OrsdfttrJt.^  Utilii^  Utl.  xxvii.  S.  'I'llTt. 
^  Zisehr. /,  phytkd,  Vh^m.,  8trassburg,  lifh  xxii.  S.  74* 

*  It  w&s  laUT ohtaiiiLMl  froni  Heemiato?.oa  iiUrUia  (Kos>ji'1,  ihut.,  |i.  188),  Milroy  {ihifL^ 
ISOd,  Bd.  xxii,  S.  307}  f*tiiteA  tlmt  tlie  pre^-ipiUtc  toniK;4  on  ii.<Miii^  iiinliM"'  wid  tn  a  s^ilu* 
*'  -      '    Hmmin  r««i»jiibh\*i  trati  uudciii  in  its  charaLiirji ;  wliinvis  Uh;  pw-'ipitjitf  innduced 

ttci*l  i?i  Romewliat  similar  to  iviraiiuilcin  nr  |isciiittj'nni  It'in. 

lubject  liaa  l>efin  »T>ecLal]y  tjikeji  up  \ty  linrUu/xuHki  {SfhttttfiAh.  tL  l\  J  lad.  d, 

>  Wicn,  Bd.  c.)*  wno  lias  pointed  mit  tlie  vXam  vvh\thin^\n\\  betwnMi  nnc  tifid 

«nd  leuoocytosis.     Diet  increases  n He  acid  funnution  liy  Itadin^  to  an  iiiiTuii.se 

-   tit  |M>«*ibly,  M  some  recent  iiJVCHtigatoi*^  think,  tlie  ihncn.se  \>i  eliielly  dae 

in  th«  food  (Weiotraiid,   Cheuu  Omtr.BL,  L»'ir>zig,  ISl+.^i,    Bd.  ii.  S.  r»4, 

Aim  Umber,  JStschr.  f.  klin.  Mol,,  Berlin,  189t5,  Bd.  xxix.  S.  174  ;  Cumnur, 

^,  Muncljen,  1896,  Bd.  xxxiii.  S.  lliO. 

phytioL  Vktm.,  8tra*»burg,  IS94,  15d.  xx.  S.  176. 

tekr.f*  physioL  Chem.,  Strassburg,  Bd.  xviii,  S,  ij38  ;  Gumlich,  ibid.,  S.  508. 
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able  from  the  um: 
most  abundant  of  t  r 
histon  is  the  name  < 
and  lilienfeld.^  ' 
C,  48-46;  H,  7;  1 
percentage  of  pbi-s] 
from  the  numerous  j 
the  thymus  and  c>tli 
heads  of  the  variu 
amount  of  phosphiin 


i  and  protupkmii  iA  cells.  They  appear  tr*  lie  tlie 
I  proteifl  materials  oljtainablo  ivina  colb.  Nueleo- 
f  one  of  ttiese  separated  from  the  thymus  by  Kossel 
he  latter  gives  iU^  ]ierceniaj^e  coia position  as 
,  10-80;  p;:V025:  %  0'7;  0,  "^m.  The  high 
bonus  ^iveii  liere  has  never  lM:^e.*u  <tbUined  \\y  me, 
lUcleo-proteidB  I  huve  prepMred  and  oxarained  fr<an 
H"  organs.  1  details  of  these  will  be  given  muler  the 
m  organs  in  question.  In  my  own  rtna1y»es,  the 
IS  rarely  has  exceeded  1  per  cent. 


Nucleo-histon   i4)|K'ar*i    to   be    identii^ul    witli    the    tissue    tlbrinogen    of 
Wooldridge,    but    tins    inchitli^d    a    vftHabln    amount    of    IficItUin-       Utiier 


forms  of  the  same  subi 
A.    Schmidt.-       Waolil 
structures,  such  as    th; 
extracted  with  wat<.'r  f 
to  the  decanted  extrvu 
falls  to  the  bottom  of 
the  manufacture  of    a 
used,  is  to  grind  up  thi 
sodium  chloride  in   a 
hyaline  substance  by 
nucleo-proteid  rises  in 


.  cytoglobin  and  pr<"glubiii  liy 
3 we  iibriuLtgeas  fruui  cellular 
gland  is  finel}^  minctd  and 
Veak  acetic  acid  is  then  added 
ihc  prHLi  pita  ted  niiclt'O-proteid 
iuethiid  uKod  by  IJlieiifekl  in 
n«?tl! ntl,  viliicli  I  have  largely 
ith  about  an  rqtud  volume  of 
riscous  mans?  (originally  called 
xeess  uf  d instilled  water.  Th© 
^ ^f  the  water,  where  it  may  be 


skimmed  off. 

Prepared  by  eitlinr  au4li^  .,  [^p^ot*?i!i  raay  be  dissolved  iu  1  i>er 

cent,  sodium  carbc^nnte  t^ohitioiJ.  ilu?s  .'iDhUiou  iujwted  ijitravascularly  in 
small  doses  in  dogn;  [irciduces  a  hindering  uf  the  cLmgnliitioii  of  the  blood 
(Wooldridge's  negative  phase).  In  larger  dosses  it  produces  intravascular 
coagulation.^ 

The  lecithin  fnund  ansociateil  with  Wuold ridge's  tissue  fibrinogenii  in 
variable  in  quantity,  and  doe^  not  opj^ear  to  Ijo  orgnnieally  united  to  thenu 
After  its  removal  tlie  nnelen  proteids  eniitinue  tu  exercise  their  njos^t  distinctive 
physiological  (•haraetcristie^  in  producing  intravascular  clotting.'* 

In  coiiiieetion  %vit!i  inick-iiiH  and  nuelKi-protei<lB,  it  j^bnnld  be  men- 
tioned that  many  *if  them  funtain  irnn,  and,  aceurdintf  Uj  l^*mip;e,^  eon- 
stituto  ill  f()0(ls  the  nonnnl  ^iii>i»ly  «►!'  iron  to  the  body:  in  this  sense  he 
has  called  them  hnunitoocn.s.  Thr  eouj[/(Ksitiou  of  hienifiU>^en  from  ej^g- 
yolk  he  ^nve.s  in  jiercentJijj;eK,  wfiitli  may  be  eniujiiired  with  the  eom- 
])osition  of  nucleufc  frum  yeus^t,  as  fulltjws  :— 

G 
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N 
O 

s 

V 
Fe 

'  Zfsrjrr.f.  pliysioJ.  Chcni..  Stra>sluir^',  Bde.  xviii.  and  x\. 

-  ••  Weiteie  I5citr.  z.  Hlutlchre,"  AViosl.adcn,  ]80r.. 

^  Details  with  nTcrence  to  tlie  influence  of  nucleo-itvotcids  on  Muod  coagulation  are 
given  in  the  article  dealing  with  that  subject. 

*  Halliburton  and  lirodie,  Jouni.  Physiol.,  Cambridge  and  London,  1894,  vol. 
xvii.  )>.  135. 

^  Ztschr.f.  pJnjfno/.  Chan.,  Strassburg,  1884,  Hd.  ix.  S.  49. 
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If  the  iron  is,  as  it  appeui-s  tn  Ue,  in  nfj^rauir,  unioii,  the  nucleiriH  that 
lit  inimt  beaiainjg  the  laost  cuiu|>lex  \\\  kiiuwii  organic  conipounds, 
QOBttitiiig  of  fieveu  eleuieivts. 

The  exact  method  in  which  thf^  iron  is  runihined  in  however,  like  tlie 
ooDstitriition  of  nuckiii,  still  uiiktiuwu. 

Zale^ki  *  has  sm-ct^etlwil  in  sepnniting  from  the  liver  one  of  these  iron-con- 
tiiaing  nucleiiiii!,  which  he  terras  hepatitt.  Tlje  siibjef-t  has  l>cen  largely  worked 
by  micTochemitml  methcKis  far  the  detection  of  iron ;  and  the  tt^rins  **  tirmly 
oofnfauied"  and  "loosely  cyrnbiued  '*  iron  are  oftcm  u?«ed,  ac'<:onhijg  as  the  cmu- 
pqqndi  which  contain  tlmt  element  give  the  reactions  with  diflicnity  or  ease. 
jlKattitiii^  ftTith  that  the  diromatin  of  niielei  rontains  iron  ;  he  regiirib 
it  as  the  mother  suljstancp  of  Jneiaoglohin,  both  in  emhryoloj^ieal  develop- 
mmt  and  dnring  nutrition  in  extra-uterine  life.  He  fincb  similar  hajnintogens 
in  plants  ^^  did  also  Bniige. 

Lecith  •  albumins, ^Lieljcrnmnn  ^  has  given  the  name  lecith-uUni- 
tnuLs  to  oerUiin  compounds  of  lecithin  and  proteid  whicfi  he  ohtainctl  from 
Ihe  kidney,  gji.strie  nincoUxS  nieuihrane,  hnij^^s,  spleeti,  and  liver.  The 
krithin  is  nnt  reinovahle  from  these  eompounds  hy  wimple  extraction 
with  alcohol  and  ether.  Tfiew,  however,  can  harilly  be  {■imsidered  to 
lie  immecliate  constituents  of  the  cellw,  as  they  are  (ditained  after  sub- 
jecting tliem  to  a  very  severe  {n'oeess,  namely,  artiticial  j^mstrie  digestiiin. 
Tbejr  yield  no  phnsplhtric  arid  and  no  xanthine  bases  (mi  deconijiosition. 
According  to  their  fiiseoveror,  they  jilay  an  important  part  (in  virlni*  nf 
the  (iciility  wliicb  they  ikisschh  in  ounmon  with  nut-lein  eompountls)  in 
thi*  sejKi ration  of  the  bvdrot  hlorio  acid  of  the  gastrie  juiee,  and  in  deeom- 
pufttjig  the  alkaline  mlts  of  the  blooil  phisma,  so  as  to  yiehl  the  acid 
fltlts  of  tlie  urine.  Mneb  more  extended  investigations  are  needed, 
however,  before  iniportant  f mictions  like  these  tan  hi-  siifely  attri!>nted 
I0  them. 

We  have  alreafly  seen  that  n'ftllut  is  a  pmtoid  which  by  .some  is 
rc^rde«i  as  a  globnlin,  by  others  as  a  nuelcn-proteich  H(»ppe-Seylcr  ^  was 
incline^]  t^i  regard  the  pbospborni^  bnnid  in  it  as  (bie  to  a  conibination 
with  lecithin,  whereas  Itaniniarste!!  looks  u]inn  some  forms  of  viteliin  as 
pHoiipho-glneo-proteids,  No  donbt,  viteliin  is  a  nnnie  which  covers  a 
QQintier  of  ditferent  snl>stanf^eH;  the  suhstann*  !bn»pe-Seyler  worked 
with  containe*!  as  mueli  an  25  per  cent,  of  b'citbin.  In  those  cases 
irhere  the  ijluispborus  is  present  as  a  ntn  lein,  Ibc  inirloin  (^Idaiiied  by 
^tric  digestion  m  of  the  pseudo-nuelein  variety. 

The  ALBiTMiNoinB. 

Tlie  albnniinoids  form  a  heterogeneous  group  ni  subHtancps  nllied  to 
tlie  proteids,  but  dilTering  from  them  hy  eertaiti  iitnrkiMl  rharacteristies. 
An  a  nde,  they  are  found  in  skeletal  srnd  epiilermal  .stru*  tines,  and 
"      lly   they  are    remarkable   for   their  rcsistnnee   to    rciigents.     They 

'fmrhr,  f,  phififio/.   Cht'm.f  SinaH«1>iirju',  lia.  x.  8.   ITi'l  ;  \iv,  S.  '274  :  f*hrm.   f'r}Ur,'BL, 
RJ^«   S.  7r>9,     Sgi^  iiho  i^mmh.  I frttttrhffi  Ardt.  f\  Hin,  ;l/'v/.,  Leipzig,  IkL  xxv. 
.8.  202;  xxxiii.  S.  23;  Pttors,  ibid.,  iM  sss\l  S.  1^2. 
i'»  m*i»t  r*Tent  jmiwrs  aro  hi  JoHrn.  Ffntsiol.^  C'ainl<rifl*^<'  niitl   Loudnn,  18I>1, 
i»t)8  ;  /Voc.  HQif.  Son,  Lmnlmi,  ISftfi,  Viil.  Ivii,   \\  -♦>!  *  '"  'J77  ;  Qunri.  Jouni. 
^ticlon,  1896,  voK  xxxviii.  ]k  ITii  ;  /.V;).  BriL  Jaso*,  Jtlt\  ,SV\,  f..»ii-loii,  IH!>(j. 
yf.  Fhtffiof.^  noun,  Mp,  L  ami  liv. 
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include  keratin,  eL  itiu,  colkgGii,  gelatin,  reticuliii,  aTijylt>iil  .snliwktice, 
and  a  group  of  mat   'iak  called  f>kc4utine. 

Collagen, — Colla  eii  i^  the  inntlier  Rulistanf^e  t>f  gelatin.  It  m  the 
material  of  which  ti  ?  wliite  fibres  i(f  connective  tipsne  are  made,  and  is 
the  principal  consti  uent  i>f  which  the  organic  mdistratutu  of  hone  is 
composed;  it  is  the  .^e  called  oBaein,  In  cartilage  the  tnatcrial  called 
chondrigen  is  collag*  n  mixed  with  tlie  niucinriid  materials  nf  the  carti- 
laginous matrix.  <  olkgen  has  almj  been  obtained  from  iho  flesh  of 
cephalopods.^ 

By  iDoiling  with  tvater,  especially  if  it  i«  faintly  acid i tied,  colla|;cn  is 
converted  into  gela:.in :  and  j^elatin  is  reeonverte«i  inter  c<?lhigeii  by 
heating  it  to  130"  C.  Hence  cuUa^en  is  regarded  as  the  anhydritle  of 
gelatin  (Hofnieister) :  ■  ^jircscntcd  by  the  eiiuatinn^ — 

The  above  formulae,  1  :Jed  an  more  than  firuvisinnal, 

for  we  are  as  ignon  iistitution  of  the  altninunnids 

as  of  tlie  proteids.  tcs  the  formula  (^,5Hi^,iN.t^<)^ 

to  gelatin,  and  regar^  ed  by  other  investigat^ira  as 

due  to  admixture  w?  HainuiarRten/  on  the  (itlier 

hand,  regards  the  su  ^  Ol>  per  cent.,  an  an  iiitcf^ral 

part  of  collagen  and  j. 

Collagen  is  insolui ...  ,..  <il,Kdt  Kulutinns,  ami  dilute  acids, 

and  alkalis.     It  swelln  wii  idn.     Its  dccuiuiMjmtion  pnahictfl 

are  tlie  same  as  those  nf  gt*latin. 

Gelatin. — Gelatin  iw  h  citlonrless,  amorphnuH,  and  transluccnL  i^nb- 
stance;  it  swells  but  dncH  imt  dissolve  in  cold  water:  it  readily  dissf»hi*s 
in  hot  water,  and  on  crnding  the  solution,  if  its  concentration  is  greater 
than  I  ])er  cent.,  it  sets  hito  a  jelly.  It  crintaiiu'^  a  considerable  ammnit 
of  ash,  the  removal  of  wliich  lessens  its  power  of  gtdatinising.* 

Gelatin  is  precipitated  liy  saturating  it?!  sohitinn  witli  neutral  i^iltn, 
like  magnesium  sulphate  ami  aitjinonium  sulphate,^  This  is  also  true  Uw 
gelatin  which  has  })een  altei^ed  by  the  su-tinn  <if  h<it  water  so  as  to  i>c  iio 
longer  or  only  partially  gulatinisahle, 

(4elatin  is  not  precipitated  by  ncetir  acid,  nor  by  aecti*^  ncid  and  fenv>* 
cyanide  of  ])otassiuni,  mw  by  most  of  the  heavy  met4dlic  sidf s  ttiat  precipi- 
tate jaoteids.  It  gives  n  violet  colour  with  et>|»peF  sidpliatr  an<l  causLic 
potash  ;  it  gives  Mil  Ion's  reac^tifai,  but  only  a  faint  xant  [it>pr<at^ir  reat^I  inn,* 

It  is  precipitated  by  ]Of.Ti  inir  cliIoHde,  and  also,  as  in  lla^  pnH^e.ss  of 
tanning,  by  tannic  acid.     Gelatin  is  levorotatory,"^ 

Ikrirafirrs  of  (/r!alui,—T\ix*  probuigeil  actimi  {twenty-four  bnins)  of 
boiling  water,  or  the  ^linHpr  aftittn  nf  walor  !)erttf'«l  above  the  boiling 
])oint,  destroys  the  gelatinising  power  of  gelatin.  Gelatui,  in  fact,  under- 
goes hydrolysis,  being  converted  into  the  so-called  gelatin  ])eptones. 
Similar  substances  are  formed  during  digestion.    Hofnieister  distinguished 

'  Iloppo-Seyler,  "  Pliysiol.  Clioni.,"  S.  97. 

-'  /fschr.f.  ]>hi/stoL  Vlirm.,  St^assl)^lr<^^  VA.  ii.  S.  31.'). 

•'  *'  Physiol.  Clit'jii.."  3r<l  (IiTnian  oditioii,  S.  46.  Aiialysos  of  <^'olatin  wero  made  in  addi- 
tion to  those  ([iiotril  al)()V(^  hv  MnldiM',  Ann.  <L  Chan.,  ].tip/i«r,  B«I.  xlv.  ;  Frcmy.  Jdhrrsh. 
d.  Chin.,  ISr.l  :  and  P;ial,  ]lr.  </.  dnitsrh.  rjicni.  Ccsr/Zsc/i.,  li.-rlin,  hi\.  x\v.  S.  1'208. 

^  Nasse  and  Kiiig<T,  Jalnrsh.  ii.  d.  For/scJir.  d.  Tliier-Chcm.,  Wioshadon,   Ud.  xix.  S.  29. 

■'■'  Xass.',  Arcli.  l\  d.  <frs.  I'hi/sioL,  lionn,  Bd.  xli.  S,  '.01. 

«  Salkowski,  Zi.^chr. }'.  pl>nsiol.  Chan.,  Strasshnr^r.  \\(\.  xii.  S.  2\'*  ;  Jlrr/.  hiin.  IVchmchr., 
1885,  No.  2. 

'  Ho|.po-S."ylorgives(ai,,         130  at30"(\   Xasseand  Krugorgivo(«)„  ^  -  1.3C  to-  107-5''. 
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tiro  of  these  suhstimceH,  which  he  imiiied  seiinghitiii  and  heiiiionUin, 
QiLttentien  and  Srilley  ^  distinguif^h  between  pnttn-ainl  deiiteiogelatose, 
and  true  gelatiii-ijeptune.  iVtal-  has  ohtaiiiefl  similar  wnbstaiieeB  hj  the 
use  of  hydnx^liloric  aeiil  By  the  use  of  KanuU'H  method,  he  gives  the 
molecular  weight  of  gelatin  as  878  to  960,  and  of  gelatiii-jieptoiie  as  352* 

Strong  reugeiitrt  hke  sulphuric  acid,  on  putrefaction,  deeouipose 
gielatin  with  tht:  formatiuu  of  glycocine/  leuchie,  varionn  fatty  acids, 
glulaniiiiic  acid,  carbon  dioxide  and  auiUionia.  The  Eilisence  of  tjToyine 
should  be  noted.  Schlitzenborger/  who  luii^  wnrked  with  gelatin  by  tlie 
niDe  methods  as  he  usaJ  with  proteidH,  considers  that  gehitin,  like 
proteid,  is  a  compound  of  urea  with  certain  anii(h>-acid8. 

Tlie  iiiip<utance  of  gelatin  as  a  proteid-.sparing  food,  thongh  it  will 
iwH  rephic^e  proteid  entirely  in  a  diet,  will  Itc  cdnsidered  mider  "  Nutrition." 

Chonilrin  m  the  name  given  to  tlic  impure  gelatin  obtained  from 
cartilage  (which  see). 

JP&i^in.— ^Elastin  is  a  material  yielded  by  the  yellow  fibres  of  con- 
nective tissue.  It  otters  grejit  resistance  to  reagents,  and  may  be  pre- 
pared from  the  ligamentmn  nuclue  by  extracting  tlu»  finely  divided 
ttSBue  «uec;esHively  with  reagents  in  whicli  it  is  in>^obdde,  ami  in  wlucli 
adherent  fatty,  colkgeuovi.^,  and  jiroteid  matters  ilissolve  (boiling  water. 
I  per  cent.  |M>tfiH8iuni  hyrlroxide,  o  per  eent.  hydrothba-ic  acid,  alcoliol 
and  ether).  By  this  means  a  substance  free  from  snlplnn*  is  obtained. 
Chittenden  and  Hart,^  in  some  of  tlicir  preparations,  omitted  the 
extraction  with  potash,  and  in  these  a  small  iiercentage  of  .sulphur  (0**) 
was  ohtained  ;  this  uuiy  be  dnt^  to  proteid  ini]>miti(*s,  <>r  it  may  l>e  h^nsely 
combined  in  the  elantin  molecule.  Si'bwartz  *'  has  alsi>  prepared  a  snlpbur- 
containing  elastin  from  the  aorta. 

The    following    tabic    shows   the    results  uf   fdenu'iittiry   aaulyso.^ 
centa«;ei) :  — 


m   per- 
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Derivaiivei  of  elastin. — Elaatin    is   gradutilly  aud    tslnwly    ili.ssnlvpd    !»y 

»  JoHm.  Pfiyitioi.,  CatnhMge  jlikI  I^iidon,  v<»L  xii.  {u  25. 
^  Ber,  d.  dUiitsth.  chem.  UeMli&ch.^  Jknliii,  Uil.  x\\\ 

'  e  pre[»anitwii  aiid  e»tiniation  ot  ^lyviudnv  Uqiu  t^elariu,  «ce  C  S.  lMs<^|jt*r,  ZtacJir, 
Cft^m.,  Htrsssburg,  h*L  xlx,  S.  164;  aii'l  t;siinn^nnii]ni,  Jrch.  /,  d,  ges^ 
im,  W.  lix,  a  4*i- 

reiuL  Aead,  d,  ac,,  PariM,  tnnie  cii.   p.    129^'k     See  aUu  Ikuliinr  ninl  Cmiius, 
cA.  cJi^m.  Oeseilsch.^  Berlin,  Hd,  xi.x.  8,  t>riri. 

K  Bwi,t  Miiachpu,  B*l,  xxv.  S,  368;  Stml.  L<th.  linjshL  ''A*?n..  Xcu    IIjiv^  n, 
r, 
f,  phffswl,  Ch^iiK^  Strsusahmg,  ti^L  xviii. 

rai.  Mi'L,  Lt>ii)/%  iJritto  KvWu^  \U.  \.  jit.  '1. 
aaejt,  '*Pliysiot,  Clti-m.,"  AuH  :i  N,  Hs. 
physwi*  Vbcm.,  StrHSrtimrj^,  P»tl.  vi.  S,  X\{). 
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pepsin  or  trypsin.*  iorbaczewski  named  the  two  products  of  digestion  he 
obtained,  hemielastii  and  el  as  tin -peptone.  Cliittendeu  and  Hart,  using 
Kiihne's  iiR-iiiuLLs  a  id  nomoncliitnrej  have  sliuwn  that  hemtekfetin  is 
protoelastoi^e,  and  ela.  i^inp^ptono  is  deuteroelavstoge. 

On  more  complet  decomposition  claetin  yields  products  very  like  tUose 
obtained  from  prote  Is,  except  tliat  glyeocinn  h  obtaitieJ,  but  no  aspartic 
or  glutamif  acid,  antj  very  little  tyrosine.^  Lysatinine  but  no  lysine  was 
obtained.^  liy  fusinr  witli  i>otash,  iudo!,  skatol,  phenol,  benzene,  but  no 
methylmercaptan,  we  e  yiehied  (Schwartz). 

Reticulin. — The  ibres  of  reticular  tissue,  tlifuigh  histologically  not 
distinguishable  from  thof^e  of  areolar  tissue^  were  first  stated  to  be 
chemically  different  from  them  by  Mall*  He  asserted  that  no  gelatin 
was  obtainable  from   **—    -  .,f..#.v.„^„ 


and  subsequently  by 
idea  that  the  fibres 
them  a  material  he  i 
centage  composition : 
ash,  2*27.  By  decoi 
lysine,  lysatinine,  anc. 
taminic  acid.    It  gives 

Siegfried  prepare 
intestine  by  digestioi 
and  extracted  with 
extracted  with  alcohcfl  lum  , 

If  glutaminic  acid  is  alvs. 


corrected  by  E.  A.  Young,-''' 
however,  coiifiruied  MalTi* 
special,  and  separated  from 
tulin  lias  the  following  i»er- 
N,  15"6:^;  K  l'S8;  P,  0^34; 
inretted  liydrogen,  amimuiia, 
but  no  tyrosine  and  \\u  ghi- 
'ith  tlie  exceptiiui  of  Milliin  a 
miieous  nieuiluaue  of  the 
11.  Tiie  residue  was  washed 
I  to  tryptie  digesliiui,  and 
n  was  removed  by  hot  water, 
states,  frt^iu  the  de(Mitu posi- 


tion products  of  reticulin,  aud  it  is  ecriaiuly  very  abundunt  in  the 
decomposition  products  of  collagen  and  gebtin,  there  is  distinct  evidence 
that  reticulin  is  a  new  mat-eri^L 

We  are  therefore  c'oiifr<uited  with  the  difticidty,  that  the  fibres  fjf 
reticular  tissue  are  auatomically  eoiithnious  with  uotl  histologieally 
identical  with  the  white  fil»res  of  eonuective  tissue,  and  yet  they  con- 
tain chemictally  this  uii-w  nuiteriai  The  answer  to  the  problem  is  jiro- 
bably  that  reticulin  is  not  specially  characteristic  of  reticular  fibres, 
but  is  present  in  all  white  cfuincctive  tissue  fibres. 

Keratin. — Keratin  Is  the  Imruy  nutterial  of  which  the  horny  htyer  of 
the  epidermis,  hair,  woi>]^  o.iils,  hnutV,  horns,  featliers,  etc,  :irc  cnnipo.sfd. 

It  is  prejuired  ])y  successively  boiling  the  tissue  with  ether,  alcohol, 
water,  and  dihite  acid ;  the  insolulde  residue  is  keratin.  A  variety  of 
kcn-atin  called  npurolrratin  is  found  in  neuroglia,  and  has  also  been 
described  in  the  medullary  sheath  of  nerve  fibres;  though  here  no  doubt 
some  of  the  histological  appearances  described  may  be  artificially  pro- 
duced by  reagents.  It  resembles  keratin  in  its  general  properties,  but 
is  less  easily  soluble  in  boiling  solutions  of  caustic  potash.^ 

'  Kiihiie  ix\\(\  EwaM,  "Die  Verdauuii<(  als  histol.  Metliode,"  Verhmull.  d.  naturh.-vu<i. 
Ver.zH  Heiihlher'j,  1S77,  N.  K.,  Bd.  i.  S.  451;  Etzingcr,  Ztsrhr.  /.  JiinL,  Miiiiclien,  Bd.  x. 
S.  84  ;  lloibac/ewski,  lor.  rlt.  ;  MonKdiowetz,  J<ihr>sh.  ii.  d.  Forf.tc/n:  d.  Thur-Chnn.,  Wios- 
bad«'n,  188tj,  S.  'JTl  ;  Cliittcndoii  and  Hart,  /oc.  cit. 

-  Dri'clise],  Liulcnlmrif's  "  lland\v<irterltii('li,"  IM.  iii. ;  spo  also  Horbaczewski,  Monat'^h. 
d.  Chpia.,  Wion,  P>d.  vi.  ' 

•'  Sj'c,  liowovor,  ll.'diii's  recent  work  referred  to  on  ]>.  33  of  this  article. 

^  Aunt.  Anz.,  Jena,  1S8S,  Bd.  iii.  No.  14;  Ahhandl.  d.  viath.-p/iys.  CI.  d.  k.  sdrh'^. 
Gcscllsch.  d.   Wissrusch.,  1S87,  Bd.  xiv.  No.  3  ;  xvii.  No.  14. 

'' Joi/rn.  J'hffsio/.,  Cambridge  and  London,  vol.  xiii.  p.  332. 

^  "  HabiliUtionsclirifr,"  Leii)zig,  1892. 

"  Kwald  and  Kiiline,  I'crliaiidL  d.  nafi/rh.-nifd.  Vrr.  zh  Ifeidr/bertf,  N.  F.,  l»d.  i. 
Heft  5  ;  KiUine  and  Chittenden,  Ztsrhr.  f.  JJioL,  Munehen,  lid.  xxvi.  S.  291. 
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The  following  are  sfmie  elementary  analyses  that  have  been  made  of 
keratiii  from  ditierent  soiircea : — 


tmam,  . 

Ftoiu  Hatr. 

XjUL 

'       Nearo1»ntitn. 

HurD, 

ils&Lnr 

V.  Laari 

MuJiJer.a 

1           KUlinB.a 

HDtbacxewiki.-* 

C       . 

50-60 

51  ^00 

56  1  58-4 

50-86 

H 

0-Sfl 

6fH 

7-2  SO 

6^94 

X 

1714 

IT '51 

ll'5-ir3 

0      , 

20*85 

21-75 

... 

i 

5^00 

2*80 

1-6-2 -2 

3-30 

The  main  feature  in  the  above  aucil>st'rt  in  the  high  percentage  of 
sulphur,^  which  is  in  part  in  loose  combination,  and  can  lie  reiuoveil  liy 
dkalL^  or  even  by  l)(*iling  water. 

An  albiiniin*ji*l  ulitaiiiable  from  tracheal  cartilage  by  C.  T.  Morner" 
ami  further  investigated  l>y  Hedeniiis/  is  inclndeil  by  HiuniiiarHlcn  ** 
amoDg  the  keratins,  or  as  a  substance  intenjictliate  iK-twecn  keratin  and 
eongalated  proteid.  It  contains  only  1  per  cent,  of  sid])hur  Ktiratin 
gives  the  proteid  reactions, 

iMrivatives  of  hrntiiK — Keratin  is  not  digestible  by  either  gastric 
or  pancreatic  juice.  \\y  lieating  with  water  to  loU  '  21H>"  C  it  dissolves, 
fdiming  a  turbifl  solntion.  It  dissolves  nnire  icailily  in  alkalis;  the 
sohitiun  contains  alkaline  snlphides,  an<l  snl>stance.s  i»f  the  pniteose  class, 
calletl  keratiiioses  by  Krukenl>erg.^ 

Tlie  (lecom|H isition  [^roilucts  of  keratin  <ibtained  hy  tlic  use  of  acids 
are  Uke  those  of  the  pruteids,  and  iuchidc  h*ucinc,  a  gund  deal  of  tyrosine 
(1-5  per  cent.),  asj^irtic  acid/^  glutaniijoc^  acid,^^  auiuionit'i,  and  sul- 
phuretted hydri>geiu  lyshie/^  lysiitinine,*- and  a  sulpfiur-ciaiLaiiiing  sidn 
sUnce'*  which  forms  a  coniiKiujid  with  hydrochloric  acid,  with  the 
fcirmula  CnHj^N^Oi^SCl^.  Drechsel  ^^  considers  that  some  of  tlie  oxygen 
of  the  keratin  is  unite<l  to  sulphur,  and  a  \\iirl  to  aniiilo-acici  rafiicles. 

The  ekise  cheinical  relationslui*  of  keratin  to  proteid  coinciiles  with 
what  i«  known  as  to  its  forniatioji  within  tlie  ] protoplasm  rif  c<dls,  for 
ttifitanee  in  the  epidermis.  The  tlfiJhi  granules  of  the  dn(fffif(  ffrfffttfiosttm 
probably  represent  an  intermediate  stage  in  the  triinsfuiiuation. 

'  An».  d,  Cliem,^  Leipzig,  Bd.  xlv. 

'  *'Vejiiuch,  einer  aUgeiiL  jihysiol.  Chem.,"  lirmnisthuei/j:,  1H44-51. 
'  Kuhiie  and  Cliittciiden,  Ifjc.  <'ii. 

^8ee  Drccbael,  Laden Kiirg'»  *' Haiidw*»rterbuc'li,"  ltd.  iii.  Otlier  aimlyst\s  of  \mm  iinve 
been  made  bv  Tilajnia,  HopiM^-Seylefs  **Phvsiol.  Clu'in./'  S.  90:  Liiidvall,  Jahrfsh.  it.  U. 
Ftrtmkr.  dL  Thitr-Chcm.,  WitsWden,  18Sl/ 

•  •  ^""^  number  of  e-stimiitions  of  Hulpliiir  In  keriitiris  from  diirirunt  simrocjs  will  bo 
.  paper  !*y  Mohr^  JSiseAr. /.  phyakiL  Cfum.,  Stiasslmig,  1S95,  Bd.  xx.  H.  403» 
lUge  v^e»lToni  2-6  to  5-a,     DUnjjg  (i"'/iW..  Um,  Bd.  xxii.  S.  L'Hl)  obUincfl  very 

•6.  ft.  d,  Fmi3chr.  d.  Thier-Chem.,  Wieabadt^ii,  Bd.  xviii.  S.  217. 
in,  ArcJt.f.  Phijiriol.,  Leip/ig,  litl,  lii. 
riol.  Cliem*/'  3rd  liermaii  e^litioii,  S.  H- 
_96,  d,  Jemtisch.  GfseUfch,/.  Med.  u.  yttfufur, 
%  Journ.  f,  pntki,  Chem,^  Leip/ig*  Bd.  vvu. 

_  -■----— "■ 
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thresL  ii.  d.  F^rtarhr,  d.  Thkr-Chfrn.^  Wu.slmdii),  I '^t>  i,  I  til.  .\xn. 
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AmylcM  Sub8ta\  't.—*V\m  material,  tilan  calbid  farihurm,  tK-curs  in 
disease  in  the  form  f  degenemtiunj  calknl  wnxy,  jillMiiniiifiixl,  aTiiyloitl,  or 
lardaceoiis.  It  prii  iifally  aHei'ts  m\m\\  hload  veBselK,  Imt  it  may  Involve 
the  tissue  elements  uf  oigaiis.  The  degeneration  r»cenr&  speeially  in 
cases  of  chronic  pu^  forniation,  and  la  fre^^ueutlY  a  Bei[nela  of  sj^Iulis. 
The  name  amyloid  \xnH  given  to  it,  bemnse  the  stU>stanee  is  coloured 
brownish  red  by  i  Kline,  and  waa  Bujiptssed  by  Yircliow  to  be  of 
carbohydrate  natui'  .  Friedrich  and  Kekule  ^  were  tlie  firHt  tn  show 
that  it  is  nitrogemr  s,  and  gave  as  its  pereent'^ige  L-omjioHition,  i\  5H-6  ; 
H,  7;  N,  15;  0,  1:14.  It  iilso  eonUihiB  1'^^  per  eent.  of  snlplnir,* 
On  decomposition  i^  yields  leueine,  tyroBine,  and  tiie  other  produet.s 
usually  obtained  fiYini  allnnnininm  matter,  but  no  HUgar  mv  other 
reducing  substance.     1  a  ohitin-like  repiidue  m  left.' 

It  is  slowly  soluble  in 

Skeletins. — Thia  [rukenberg'  to  a  imnd^er  of 

nitrogenous  substanf  tal  tiKsues^  iif  invertebrates. 

They    are    charactei  Hty,   and   are   proliably  all 

amido-derivatives   )H  er   the    terni    are    ineluded 

ehitin,  conchiolin,  sp^j  od  serreiii, 

Chitin. — This  sidir  nnHtituent  uf  thu  eetoderiual 

skeletal   tissues  of  h  peeially  tif  urthirqiods.*^     In 

Crustacea  it  is  ofti^i;  Imre^jim  taatter.  anil  in  the 

odontophore  of  moUu  ^e^^    'ding  tn  Krawkf>wJ  it  m  in 

union    with    a    pmleio-iik  \,       [fibson,^    Winter^teiii,^    and 

Eseombe^®  have  found  chitin  niftuiriia  oi  c«._  dose  in  several  fungi. 

It  is  })repared  fmui  the  wing-easas  of  beetles  liy  boiling  them  with 
ciiustic  soda.  The  rhitin  reni^utiH  iuKoluhle;  it  may  be  dissolved  in  cold 
concentrated  hydrotfdnrie  acid,  aii<l  preei]ntateil  unclianged  fioni  thiK 
solution  by  the  addition  uf  water.  It  is  cohajrleHS,  ann^riihous,  insoluble 
hi  water,  alcohol,  <4ber,  acetic  acid,  <lilute  mineral  aeidN,  and  eoneen- 
trated  solutions  of  tin*  alkalis.     It  Ib  sr»lvd>le  in  concentrated  ininoral  acida. 

The  formula  and  cnnstitntiim  of  I'liitin  are  ilitlerently  given  by 
ditlerent  observers.  L^dderbose '^  gave  it  the  fomiida  ^  VJ  ^a^ /'lo- 
Herthelot '-  stated  that  it  yielils  a  fiTiiicntabb'  sugar  un  bniling  witli 
sulphuric  acid.  Simdwik  *^  g^ive  it  tbe  fnrrmila  ( V^,Hi,„,N^i  J«  + /iH^O 
{n  varying  from  1  in  4),  anil  uonsidered  it  tn  be  irti  aniine  derivati\'e  of 
a  carbohydrate  witb  the  formula  (* ',JI  ,,,0,,,)^.       Krawknw  ^*  conBiilers 

'  VurJioirs  Archiv,  lie],  xvL  8,  U^.  -  Ktifirir  atid  iiiuliieir,  ibitL,  \\A.  %\%\\u 

•'  Kr.iwkow,  i'( iitralbL  t\  d,  mrtf,  lyitarn^ft,,  IkrlilL  lh9±  Th">  rtsufuM.iiM't*  to  rbitUi  h 
siipporteil  only  l>y  its  b  luivin^ir  h*  Htiiinii]|>j  ftiji'Uts  liko  irrtlint-.  TIwit  \^  o*)  true  thcTiiiml 
rescnihlaiur  iKtween  tli<    Mvi*  HnliMlwrif rA.     AinylrikKuhHtjiure,  fur  irihtaiicc,  yi^-Uli  Ufl  gluru* 

sainino  (Cohn,  /Jsrhr.  f.  ../n/.v/,./.  ('h^ut..  Sirris^lHitL'.  I^l^+'J.  \U,  xsii.  S.  lf)3). 

^  Kostiiirin,  irieu.  mcd.  Jahrb.^  l»»o,  »,  l»i.  «ee  also  Tscherniak,  Zf^hr.  j.  phyauH, 
Chem.,  St^as.sl)lll•l,^  1811.'..  Hd.  xx.  S.  343. 

^  Zt>i('hr.  f.  liioJ.,  Miinclu'n,  H<1.  xxii.  S.  241;  **  Grundziigo  einer  vergl.  Physiol,  d. 
tliicr.  C.enistsiil.staiiz,"  Ifoidolherg,  ISSf.. 

'^  i\{i\\\<i,iH'  ('*  Physiol.  Chem.."  vol.  i.  p.  209)  gives  ii  list  of  the  situations  wlierc  ehitin 
has  been  destiihcd  or  infrired  to  exist.  To  these  must  he  added  the  pen  of  euttle-tislies 
(Krukeiilierg,  JUr.  d.  ihud^ch.  chcm.  (rcsri/sch.,  I'>eilin,  Bd.  xviii.  S.  089)  ;  and  the  cartilages 
and  other  niesoldastie  stinctures  of  the  sepia  an<l  king  crah  (Halliburton,  /Vot*.  7?a//.  Soc. 
Lomlon,  vol.  xxwiii.  p.  7.'»). 

"  Zfschr.  f.  JUol.,  Miinchen,  IM.  xxix,  ^  Compt.  rend..  Acnd.  d.  sc,  Paris,  tome  exx. 

^  lirr.  d.'dndsrh.  chcn.  deadhch.,  Berlin,  1894  and  189.'.. 

'"  /A^chr,  f.  phi/.^iol.  Chen.,  Stras.shurg,  1896,  Bd.  xxii.  S.  288. 

"  //>2>/.,  P.d.  ii.  S.  213  :  iv.  S.  139. 

'-  Coinpf.  rt'nd.  Acnd.  d.  sc,  Paris,  tome  xlvii.  ]>.  227. 

^•'  /Isrhr.  f\  jduj^inl.  Chnn.,  Strassburg,  P>d.  v.  ^■»  Loc.  cif. 
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thsit  there  are  a  inniiber  of  cliitiiiB,  aiivine  tieiivatives  uf  different 
carlRihytlmtey  ^dextra^e,  glycogen ,  dextrin,  ete.) ;  tliey  orive  different 
colour  i-eactiium  with  iodine.^  Ledderljt>se^  was  the  Hrst  to  bIiow  t!iat 
the  roihiciiig  snbstauee  uhtaincvd  by  the  aetiun  uf  mineral  aeids  iii 
chitin  is  not  sugar  hot  ghieoKiimine  (see  p.  9).  The  etiiiatiou  re- 
presenting its  decompomtkm  he  given  as  follows: — 

2U,,H^N20,,  +  6H,0  =  4(J,H,,N0,  +  :iaH  A 

(chitin)  (wdttT)     (gliiL'osuiiiinL^J      (art tic  aeid) 

Glnc-osaniine  in  an  anjido-derivaiive  uf  ghieu.se;  it  fornix  erysttilline 
saltj^,  nf  whieli  tlie  hydr<)eldoride  is  readily  prejiared  by  hulling  chitin 
with  liyih-oehliirie  aeid  :  this  is  Hulnlile  in  water,  ami  i,s  dextrurui4itury 
(«)o=+70*'*6.  The  base  in  prejisired  by  the  aetiun  of  baiyt^i  on  the 
Rulphate.     It  is  erystalline  and  not  fermeiitahh^  witli  yeast. 

Schmiedeljerg'^  hMtks  njifmdiitin  as  an  aeetyl  derivate  uf  glinusaniine, 
and  as  he  ha8  a!su  obtained  the  hitter  suljytanee  fruin  tlie  ehundnatin- 
sidphuric  acid  of  cartilage,  he  regiirds  it  as  indicating  a  connection 
between  the  skeletal  tissues  of  vertelmite  and  invertel>rate  animals. 

By  heating  chitin  with  ten  times  its  weight  rif  caustic  alkali  at  180**, 
Ih»j»j>e-S*:»yler  and  Araki*  olitained  a  substance  which  ]iussesses  the 
original  form  of  tlie  i«ieces  uf  ehitiii,  but  dill'crs  fi«un  chitin  in  being 
very  siduble  in  rlilute  acids  such  as  acetic  aeiil  :  friun  sncli  suhitifuis  it  is 
preeipitiihlo  by  alkalis.  This  substance  is  ualled  t'hit*isan,  ami  its  I'nrnia- 
tioii  from  chitin  is  sbuwn  in  the  ffdlowing  ei^uation: — 

(chitin)  (nator)  U'liil^'^^JUi)        (nrcti(MttiJ) 

Chitosan  in  dilute  acetic  acid  is  levurutatury  :  {a\^—-  17°"7  t*>  17  1). 
By  hej[iting  it  with  acetic  acid  in  sealed  tnl>e9  tu  lo5^,  a  substance 
very  like  chitin  is  regenerated  ;  it,  tiuweven  c^tntains  three,  whereas 
tnie  cliitin  only  contains  two  acetyl  groups. 

By  hi^iling  with  cnncentrated  bydrui-blinif  atitb  chitosan  yields 
liydiiicliluriile  uf  glucusamine,  fianuic  and  aretir  aeids. 

Neumchitin. — In  croMxicetij  ilutin  has  hrt-ii  ?;ui<l  to  t^ik<'  I  he  pljue  <>f  uetiro- 
keratin  a.s  a  sn|*f*ort  to  the  nerve  hbrep. " 

Conc}iiiylin  (C,,^Hj^X,^>|,)  funas  the  organic  hi.sis  tpf  the  slioUs  of  mussels 
and  snails.  Ou  tleeomiKJi^ition  it  yields  leucine,  jirrhaps  glycorine,  Imt  no 
tyfii^ine  or  retlucing  sulwtaiire.  It  does  not  give  the  xautlinjjroteio,  ^tilloiiV, 
nor  the  Adanikiewiez  rea^'tion^.  The  byssus  of  nmlluscs  is  similar.  The 
reinenting  snbstanee  Ijetween  the  f^ggs  of  various  laollusrs  t  oiitains  a  substance 
more  like  keratin.  Cnrnein^  froiti  eorals  (C.„JI^(X.j<  J, ,),  ditrers  from  t^oiRlnoHa 
by  giving  a  red  colour  with  Milloa  s  test  ;  ou  [kM!uiu|Hi:5itiuu  it  yieltls  leuciuo 
and  a  crystalline  material  railed  fornierystallin. 

Spojtfjifij  the  organ  if-  basis  of  the  eouimau  sjiongOj  yieMs  an  thxoni  position 

pncxlncts,  leucine  and  glycocine  {?^ta<h■ler),  but  no  tyrosiuej^     It  d(*e8  not  i^ive 

.lour   reactions  just   mentioned  ;   it    resciulilos   ronehioiiu    by  yielding 

Zander  {ArcJi,  /  </»  gfs,  PhynoL,  Uonii.   lSt*7,  Btl.   Ixvi.  S.  rAl*)  also  tiiuls  that 
re^  ft  CO  tour  with  imliriP  vt-ry  lilic*  that  ^o'l^ii  by  g]y<  oj*t'n. 
hr,/.ph}f9tuJ,  fftoii.,  .StniMstiyrg*  B«l.  ii.  S.  £13  ;  iv.  S.  liiT. 
f.  ejpper.  Path.  u.  Pharmahd.,  Leipzi:;,  Bit.  xxviii. 

i-  dtut^ch.  chtm.  (imihift,,  Ihnlin.  1^'Jl,  U«l.  xxvii.  S.  3320  ;   1895,  1^1.  xxviii.  8, 
/.phijMUJi,  Vhem.,  ShUHshurK.  18iir>.  liiL  w.  a  198. 
j^  CoTTipL  rend.  AatiL  tf.  sc,  Vnrh,  tt^trM^  vxv. 

JlM»   {ibid,,    toiuo  cvii.    J).    2.Vi),   lti>w(*vrr,  nl*t;iin<*i|  tyrfjHiin\   Vnitatuiint',   at>fl 
(C»H„N,0.t. 
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peptone-like  material 
proteoses  by  not  givii 
Fibroin  is  the  8 
is  insoluble  except  i] 
decomposition  gljcoci 
reactions.  This  subfri 
gives  no  glycocine  on  d 
gives  the  following  ta 


on   digestion,  which   differ   from   true  peptones  and 
I  the  colour  reactions  in  c^ue^tion, 
ibstancG   of    which   e^iiiiers'    weks   aro   composeth       It 

concentiatod  mineral  nc.ids  and  alktilb.  It  yields  on 
le,  leucine,  and  tynjj^ine,  and  gives  tlie  proteid  colour 
.ancc  and  jtericin,  a  simikr  material  (which,  however, 
jcomposit[on)j  are  found  togetlior  in  siik.^  Hammarsten  - 
Ae  of  percentage  compoaitiona  : — 


C 

Conchiolin 

50-92 

Spongin 

46-5 

a 

48-75 

Cornein 

48-96 

Fibroin 

48-23 

f) 

48-3 

Sericin 

.  44-32 

H 

6^88 
6 '3 


N 

17-86 

lCy2 

16-4 


S 
0-31 
0-5 


0 

24-34 

27-5 

28"33 
27^9 
26  0 
30-3 


Knikenberg/' 

Crookewitt.* 

PusselL'^ 

Krukenberg. 

Cramer/^ 

Yiguon." 

Cramer* 


u 

mm. 


tlie  weight  nf    the  body  ; 

tuket^  ill  fofid  2,500  L\f^.  of 

KUUB  m  formed  in   I  hi'  hudv 


Water  forms  alu 
in  infants  it  is  66*4 
water  daily,  and  exc. 
by  the  oxidation  of  hj 

Hydroijen  peroxide  is  si  irstev*  to  he  ^v\mi  off  in  varitms 

situations;  he  uses  tGtm^iiethvi-iiuiTijJlienvIenediandne  piiperK  \u  detei't 
it. 

Hydrofien  sulphidf  ikh-ufh  in  wniall  f|\mntitieH  as  the  remdt  of  putre- 
factive changes  in  tlie  aliinont4^ry  raujil. 

Ammonia  is  also  fnrnied  in  jiutrefnciive  pmceRBes,  and  in  |iant*reatic 
digestion.  A  small  quantity  occurs  in  I'le^li  urine,  and  inereai^e.s  \vht*n 
the  urine  putrefies. 

Hydrochloric  acid  occurs  hi  gastric  juice. 

Carbonic  acid  occurs  in  the  ])h)od,  lymph,  and  secretions. 

TJir  acids  found  in  the  ])ody  are,  however,  usually  in  conddnation  as 
salts. 

>sV///s. — The  (  hief  salts  found  are  the  chlorides  of  sodium  and  potassium, 
tlie  sulphates  of  the  same  metals,  phosphates  of  sodium,  potassium, 
calcium,  and  magnesium,  carbonates  of  sodium  and  calcium.  Bone, 
dentine,  and  enamel  are  chieHy  rich  in  calcium  salts,  especially  the 
])hos[diate.  Other  solid  tissues  are  especially  rich  in  potassium  salts. 
In  the  fluids  (milk  excepted)  the  most  abundant  salt  is  sodium  chloride. 

A  fuller  consideration  of  the  various  saline  constituents  will  be  taken  with 
the  individual  tissues  and  secretions.  The  following  general  tables  may  be, 
however,  quoted  here;-*  the  figures  give  percentage  jpiantities  of  mineral 
matters  iu  the  ash  : — 

1  Weyl,  Bn\  <1.  <h'„f^rh.  chcm.  GrHcIhch.,  IV-rliii,  lid.  xxi.  8.  1407,  i:»29. 

-  "  Physiol.  Clu'iii.."  :5r(I  (Jeini.iii  edition,  S.  41). 

■'  Jkr.  d.  (/>  ,rfsr/t.  rhnti.  C/rsffisrh.,  Berlin,  Hd.  xvii. 

*  Ann.  (I.  ('It*  Hi.,  Lcijo^ig,  Hd.  xlviii.  ^  Ibtd.^  I>d.  xlv. 

^'  Juarn.  f.  pnikt.  ('Iimi.,  Loin/.i;.^,  lid.  xcvi. 

'  f'onipt.  rrnd.  Antd.  iK  sc,  l*;iris,  tonio  cxv. 

'^  lirr.  d.  dratsr/i.  rhnn.  Ucsrl/sch.,  Ik-rlin,  lid.  xix.  S.  .'nO')  ;  xx.  S.  203.  1033. 
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T«R1.            .            . 

HOQfl, 

Calf-muscM. 

BralQ. 

Liver. 

LuDg:a« 

Bpleeo. 

lKu.i«r 

HeliaU. 

atalTtfL 

Btwd. 

OUlUuami 

C.  fkrhuihlt. 

Oidtmuin. 

Sodium  chJoHde  * 

lO'SD 

474 

13-0 

1 

Soda  . 

2-35 

10  §9 

14-51 

19^5 

44-33 

Pot&sh 

34*40 

34-42 

25-23 

1*3 

l»-60 

Lime  . 

37*58 

1-99 

0-72 

-3'61 

1-0        1 

7-48 

lIUgniraiA    . 

1-2*2 

r45 

1*23 

0-20 

re 

0'49 

Jwmic,  oxide 

li-r4 

3-2 

7^28 

ChkMine     . 

Vli% 

0*54 

Fluorine      . 

1-GtS 

PlKnpharic  iicid  . 

53-31 

48 'IS 

48-17 

50-18 

48^5 

27-  10 

Stal|kbiiric  acid 

0-75 

0*92 

1-4 

2-i*4 

1  CkrtMauc  lu^id 

5-47 

SUkkaeid. 

0-81 

0*12 

0*27 

0  17 

flcio  . 

Blood. 

Berara* 

BlucHi. 
clot. 

Lytnplh 

Uriiii?. 

Milk. 

Bile. 

Kxcre- 

Ajr^LTffT 

VeMeiL 

Weber. 

Weber. 

ha  nit. 

Purt<*r. 

Wildcri* 
Btftu. 

Rqsp. 

Fort^T. 

Sodium  chloride 

58*81 

72-88 

17*36 

74-4S 

67*21} 

10-7:i 

27*70 

4*33 

Mafldiim     ,, 

... 

29  87 

26*33 

... 

8c«U  . 

4*15 

12-93 

3*rK. 

Ifl    3'! 

1-33 

36-73 

5-07 

P^yUab 

11*97 

2'Hr. 

22*3H 

3-2r. 

13-tM 

21-44 

4 '80 

6*10 

Linie  . 

l-7« 

2  28 

2-58 

0-97 

1-15 

IS -78 

1-43 

26-40 

Kagnesia     . 

1-12 

0'27 

0'f)3 

0*2ti 

1-34 

0-87 

0-63 

10-54 

feiric  oxide 

S*37 

0**2d 

10-43 

0-05 

0-10 

0-23 

2-50 

Pliosphorie  acid  . 
Sctlpburic  iw!id 
CftrtKmic  acid 

10-2^; 

1*73 

10-1)4 

1  09 

11-21 

19*00 

10*4ri 

36*03   ; 

1-67 

2^10 

O'On 

2*64 

6-39 

1-19 

4-40 

2*17 

8-20 

11-26 

Silicic  acid  . 

■' 

0-20 

0-42 

0-42 

4-06 

0*36 

3-13 

Sodium  wnd  potassium  mits.  —  Prnbalily  200  j^Tiiia,  may  be  taken 
aa  an  average  amount  of  soilimn  c-hloride  ((urnninii  salt)  in  tlie  adult 
human  IxkIv.  It  is  a  iin).st  inqiortaut  finnl,  and  ii\umi  10  LTinis.  are 
dailj  exi-reted  in  tlie  urine,^  and  smaller  ainnmits  in  tin'  swt'ut  and 
fasces.  If  potassiimi  cidoride  tue  Hid>stituteti  in  tlie  food  fnr  tlie  Kudiuni 
nit,  disturbuuces  arise  ivoiu  dt-Ktiency  uf  tbe  laLttav  T\w  tis^sues,  \hay^ 
ever,  retain  L*ommon  mit  very  tenaciuusly,  bo  tbnt  during  a  (betary 
devi>id  of  salt  it  disa|ipears  «lnwly  fruiij  tbc  uriiiL'. 

During  its  pass^ii^e  tlnougli  tlii*  budy,  it  lacibtateH  tbe  ulisnrjttinn  nf 
proteid  food,  and  increases  tissue  inetalMilisin.  The  fnlluwiuiL:  table  -  gives 
the  probable  relative  amounts  of  sodiuui  and  putassimn  i-blunde8  in 
parts  per  thousand : — 


NaCl 

KCl 

KaCI 

KCl 

Blood 

2-70 

2-05 

PautTeatic    juice 

Blood  corpuscles 

3*67 

{from      tempo- 

Plasma 

5*54 

0*35 

rary  fistida)     . 

7'.3o 

0*02 

Lvmpb 

5*67 

Gastric  juice 

1-45 

0*55 

Chvle 

5-84 

m  m  . 

Blip   , 

5*33 

0*28 

Pancreatic  juice 

I^Iilk  . 

0*87 

2*13 

(from  |>erman- 

Urine 

1100 

4*50 

eat  fistula) 

2*50 

0*93 

ige  found  that  the  sotla  salts  arc  more  filjnudant  in  enibryonie 

rordt's  **  Daleii  n,  Tabellen/'  1893,  Aiil!.  2,  .S.  122. 
*wm  M'Eendrick's  *' Text-book  of  Pliysiolog},'*  Gla.sgow,  18S8,  vob  i.  |».  39. 
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CONSTITUENTS  OF  BODY  AND  FOOD. 


and  early  life  timi 
table : — 

Rabbit's  embryo , 
Rabbit  14  days  ol' 
Kitten  1  day  „ 
Cat  19  davs 


n  aJidt  Ufe.      This  is  illiiHimk'tl  hy  the  fnlLtwin*' 


1-630 
'2-666 
2-285 


K,0 
2-605 

2*691 
2-790 


Cat  29  days  old 

l^'>g  ^  n         ff 

Adult  luoui^o  . 


2-292 
2%^8(| 
1-700 


K,0 
2-684 

2-667 
3-280 


This  fact  is  pru  ddy  due  to  the  larger  aiinHmt  itf  mrtikgt?  (ru*li  in 
soda  salts)  and  the  siiiiiller  ^luiouut  nf  muscle  (ridi  in  twittLHlj  mlia)  in 
early  life  as  compar  ii  witli  tbf  mlidt  efiinliLi*>nJ 

Various  phosplm  es  (if  8odi\ini  ttud  potus^iion  are  fniiiid  in  the  blocMJ, 
lymph,  urine,  and  ntuer  fie<?retkni8. 

Sodium  carbonatu  '^*^*'  u^-^i^i^.t^-ifrv  .^^i^^.  j^  i\^^  frnid,  and  urigirjuto 


in  the  body  from  the  i 
Sodium  and  pntai 

body.     Only  minute 

food;  they  are  chie 

organic  substances  t 
Ammonium  salfK, 

the  urine.      The  mi 

ammonium  urate.     J* 

magnesic  phosphate, 

is  formed  from  ureu  i 
Calcium-  salts.— A r n lui 

the  body  consist  of  r.ilfiimi 


1  (liirtiirie,  citric,  etc.). 
in  smaller  c^uantitieH  in  tiic 
Hh  are  intrrMlueed  with  the 
utiun  nf  protuids  and  iither 

inniuui  <.'hlnride  are  founfj  in 
I'ds  iH  LiL'gejly  eumiinsed  of 
\  Halt^  and  also  of  arnmrniio- 
ine.     Aiiimninmn  earlHiiuUe 

^rs  of  the  liflid  mineral  wdids  in 
,  (Xp***i)j>  l^lii"'^  ^^  lieeiuu^e  of  thti 
great  preponderance  nf  this  m\i  in  \nmv>  (llher  e^ileinin  hhIXh  urfurrin^ 
in  bone,  dentine,  a  tid  enamel  are  the  esirlinuate,  Huljilmte,  and  lluuride, 
Calcium  phosphate,  urate,  rin<l  r^xalate,  are  f((und  in  the  uririt*.  Most 
tissues  contain  small  iiuantitiea  of  the  jihuKphate  and  carbtaiatt'.  'E^^ 
shells,  the  shells  ^if  enisijieea,  eurah  and  utidilhs  eoiKsint  ehietly  uf 
carbonate  of  lime.* 

Magnedum  sa//s.^Mai(nesiinu  phosphate  (ilji^XlTV).)  (terurs  hi  the 
tissues  alon;^^  with  the  raleiuin  phoHpluites  (('a.^(  I'Oj,  and  (.'aH,(  l**'>,)^) 
but  in  smaller  amount.  It  rx-eins  also  in  Iho  urine.  Aiinuonio-rnaj^^iesiuui 
or  tri[)le  phos])hate  (NH4Mgr04+Gn2U)  is  also  often  found  in  decom- 
posing urine.    Magnesium  palmitate  and  stearate  are  found  in  the  faeces. 

Iron  is  an  important  constituent  of  the  blood  pigment.  The  blood 
of  an  adult  contains  3  grms.  of  iron.  Small  quantities  are  found  in 
other  liipiids  of  the  body  (chyle,  lymph,  bile,  milk,  urine,  gastric  juice) ; 
it  is  also  contained  in  the  black  pigment  of  the  skin  and  hair,  and  of 
melanotic  sarcomata.  A  small  quantity  of  ferric  sulphide  is  found  in 
the  fa'ces,  and  small  quantities  of  iron  are  found  in  both  liver  and 
spleen.'^  It  is  present  in  the  tissues  in  organic  combination  with  nuclein 
(see  p.  G8). 

Copper  is  found  in  two  proximate  principles,  luPiuocyanin,  the  blue  pig- 
ment of  tlie  blooil  of  many  invertebrates  (erustaeea,  euttle-lislies,  scorpions, 
ete.),  and  in  the  ]>igment,  turacin,  of  birds'  feathers.  Small  quantities  of  this 
metal,  and  also  of  aluminium,  manganese  and  lead,  may  occur  accidentally  in 

^  Hinigi!,  Zf.^rhr.f.  physio/.  Clum.,  Strasslmig,  P>d.  xiii.  S.  390. 

-  On  excretion  and  alisorption  oflinu'  see  Key,  CJicm.  Ccntr.-Bl.,  Leipzig,  1S95,  lid.  ii. 
S.  55,  837. 

^  For  data  concerning  the  amount  of  iron  in  foods,  see  Stockman,  Journ.  Physiol., 
Cambridge  and  London,  18l»5,  vol.  xviii.  p.  484  ;  1897,  vol.  xxi.  p.  55.  An  ordinary 
daily  diet  contains  9-10  mgrms.  ot  iron. 
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oiber  parts,  being  taken  in  with  the  foud,^  and  not  excreted  at  once  with  tho 
lecei^  but  de[>o5ite<l  in  some  tise^ue  or  organ.  Dregs  and  poison.s  (mercury, 
araenic)  may  be  similarly  deposited. 

SUiccu — A  minute  quautity  uf  silica  exists  in  the  blood,  urine,  Ijones, 
hair,  and  other  parts. 

PhosphMt^r^Die  ainouiit  «»f  phosphoric  acid  given  in  analyses  of 
the  ash  of  aniiiial  strnuture.s  is  not  always  eorreet,  since  a  cerUiin 
quantity  is  tihtained  durin^^  the  process  of  ini nnenition,  froui  the  deenni' 
pusitioii  i»f  organic  eornpxuHls,  whiL-li,  like  lecithin,  ccj!itain  pliosphorus. 

The  phuspiiorie  acid  whicli  occurs  in  niuieral  ei^nipounds  in  the  body 
ifiderivtH^l  in  jjart  direelly  from  the  footl,  and  in  part  from  tlie  metabohsm 
of  lecithin  and  nuclehi.  It  unites  witli  suda,  [lotash,  lime,  and  magnesia 
to  form  the  various  phospliateB  already  alluded  to,  A\i  athdt  man 
diminates  by  the  kidneys  2%5  to  iSo  grms,  of  phiisphoric  acid  tlaily. 
Carnivfira  eliminate  phosphates  chietly  by  the  kidneys,  herbi\'ora  ehietly 
with  the  f feces. 

CarboncUes. — The  presence  of  carbonates  in  the  ash  of  animal  matters 
ig  fiartly  derived  from  the  decomposition  of  organic  compounds. 
Alkahue  carljonates  and  hi  carbonates  are,  however,  found  in  blood, 
mine,  lymph,  sixliva,  etc. 

Sttlphatts, — These  also  may  be  purtly  formed  during  tfic  iirrkcesK  of 
incineration,  from  |U'oteids  and  *»ther  organic  comi)t>nnds  containing 
sulphur.  The  suliihurie  acid  in  the  urine  is  in  jiart  eon d a ned  us  ordinary 
Bulphated.  in  part  as  ethereal  sulphates.  It  is  derived  to  a  small  extent 
frrim  the  frwiil,  but  cliieHy  from  the  metaliolisni  of  ]«roteJds,  the  amounts 
of  8ulph»iric  acid  and  urea  in  the  nrine  ntmiing  piirallel 

*  K«r1  B,  Lehroatin  {Jrch.  /.  fffjtj.,  MitrnliL-n  11.  L*'ip/i^^  lU.  wiw  S.  1,  18,  72) 
iUtes  tliat  in  an  ordinary  diet  \vv  tiiko  20  iiij^nii.H.  of  (  *>|>]m'i  4]Liily,  ;iiiii  if  ]U4"Hi.«rveH  art-  Tinicli 
ned^  it  tn^y  rise  t-oover  SOOmgriui*.  jicr  dmn  :  inure  tliiiii  120  mgniis,  ap^ieapji  tu  Th^  hiUTiifiil. 


THE  CHEMISTRY  OF  THE  TISSUES  AND  ORGANS. 
By  W.  D.  Hallibukton. 

Contents.— Cells  and  Pi-otoplasm,  p.  80;  Liver,  p.  85;  Spleen,  p.  87;  Thymus, 
p.  88  ;  Thyroid,  p.  88;  Suprarenale,  p.  90;  Pancreas,  p.  92;  Kidneys,  p. 
92  ;  Testis,  p.  92  ;  Muscle,  p.  95 ;  Skeletal  Tissues,  p.  Ill  ;  Nervous  Tissues, 
p.  115  ;  Tlie  Eye,  p.  121  ;  Milk,  p.  126. 

The  preceiling  article  contains  an  account  of  the  principal  proximate 
principles  occurring  in  the  body  and  in  food. 

In  the  i)resent  article  I  propose  to  present  the  subject  from  another 
standpoint,  and  to  discuss  the  chemical  composition  of  the  various 
animal  tissues  and  organs.  This  will  in  great  measiure  be  complemental 
to  what  has  been  aheady  done,  and  will  give  the  opportunity  of  describ- 
ing some  substances  which  have  only  been  treated  incidentally  in  the 
foregoing  eluii)ter. 

In  describing  the  chemistry  of  the  organs,  I  shall  endeavour  to  avoid 
discussions  as  to  their  metabolic  functions,  and  shall  omit  all  considem- 
tion  of  their  secretions,  since  these  are  treated  elsewhere  m  this  work  ; 
an  exception,  however,  will  be  made  in  the  case  of  milk. 

Protoplasm  and  cells. — The  chemical  structure  of  living  substance 
is  still  beyond  our  knowledge.  All  that  chemists  are  able  to  do  is  to 
examine  the  disintegration  products  of  the  substance  which  they  un- 
avoiilably  kill  by  the  use  of  reagents. 

Some  authois  spexik  of  Hving  substiince  as  if  it  were  merely  proteid 
in  composition,  and  have  adopted  the  jihrase  "  living  proteid  "  (see  p.  38). 
l^ut  it  is  doubtful  if  the  use  of  such  a  term  is  justifiable,  for  proto- 
]>lasni  even  in  its  simplest  condition  invariably  contains,  or  yields  on 
disintegration,  substances  other  than  proteid,  though  proteids  and 
compound  ]>roteids  like  nucleo-proteid  are  by  far  the  most  abundant  of 
tliese  disintegration  products.  Among  the  other  solid  substances  con- 
stantly pn^sent  in  jaotoplasm  are  lecithin,  cholesterin,  and  inorganic 
salts  (especially  ]»bosphates  and  chlorides  of  calcium,  sodium,  and 
l)otassium);  and  fre([uently  fat  and  carbohydrate  material,  such  as 
lycogeii,  are  also  to  ])e  found.  Water  occurs  to  the  extent  of  75  per 
cent,  or  more.  Whether  these  substances  are  all  present  in  the  free 
state,  oi",  as  is  mucli  more  probable,  are  linked  together  in  intimate 
union,  to  form  tbe  comph^x  juotoplasmic  molecule,  it  is  at  present 
im])ossiMe  to  say  with  certainty.  Living  cells  are  alkaline  ;  after  detith 
they  becoiiiu  acid. 

The  simplest  form  of  protoplasm  known  is  that  found  in  the 
Plasmodium  of  the  myxomycetous  fungus,  ^Ethalium  scpticum.     It  has 
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PROTOPLASM  AND  CELLS,  8f 

beeo  analysed  by  Reiiike  *  and  Krukenberg,-  and  their  observations  con- 
firm wliat  has  just  been  stated. 

The  nucleus  of  cells,  tbe  study  of  which  liegaii  with  the  work  ul 
Bruntt^n,  Plt'»sz,  ami  Mieseher.  has  of  retjeut  years  been  very  thiU'tiughly 
worked  at  by  Hon|»e-Seyler,  Kos«el,  and  HnineroiiJi  other  physiologiL-al 
chemists ;  the  result  will  be  leathered  frnia  the  section  in  tlie  preceding 
chapter  on  nuLdein,  and,  as  will  be  there  seen,  there  are  yet  niany  gaps 
m  mir  knowledge  whieb  require  to  be  tiMed  up. 

The  prijteids  ijlytained  from  the  cell  protoplasni  have  l>een  examined 
in  simple  eelUs  Bueh  as  those  of  lytnphuid  ti^^sue,  and  in  tbe  more  special- 
ised cells  of  aecretint/  urganH,  such  as  the  liver,  kithieys,  t(*Htis,  and  so  forth. 
The  main  result  in  the  same  in  all,  thougli  there  are  minor  diHercnces 
between  mdividual  cases. 

The  proteid  contained  in  greatest  abundance  i^  nncleo-proteid  ;  small 
f^oantities  of  globidin  usually  coagnlating  at  the  low  tem|>erature  of 
50*  C.  or  even  lower,  and  nnnutc  traces  of  an  albnmin  are  also  fonnd 

The  nucleo-proteid^  from  diflercnt  cells  differ  in-  the  auiuunt  of 
nuclein  (as  evidenced  by  tbe  percentage  ^f  pbusjVliorus)  they  contain/* 

Tbe  nncleo-proteid  from  the  thymus  conLsiiii.^  0*8    per  cent.  <if  pbosphr^rus. 


kidney          ,, 

0"37 

liver              ,, 

l-4rj 

brain             „ 

0*0 

red  marrow  ,, 

1-6 

red  corpuscles  „ 

0'68 

1  -25 

Selunidt's  fibrin  ferment 

In  my  early  work*  on  the  proteids  of  cell  ]>rotoplasm,  I  selected  tbo 
odls  of  lymphatic  glands,  becanse  one  can  obtain  rnirii  these  .structures 
an  abundant  supply  of  comparatively  simph*  f  ells  :  later,  I  frHuul  that 
tbe  cells  of  tbynnis^  gave  similar  rcstdts.  At  first  1  (lescribc^l  tbe  \m\\' 
teids  olitained  as  four  in  number,  namely  nncle<t-proteid,  cell  gloladin-a, 
cell  globnlin-3,  and  cell  albunun,  Tbe  nucdcMj-priitcid  can  lie  obt^iined 
either  by  Wooldridge's  acetic  acid  method  nr  by  tbe  smlium  chloritle 
process  (p,  68). 

Tbe  material  ohtaineil  by  both  iiicthnds  is  tbe  same,  tfinngli  thry 
diffeT  in  their  physical  condition:  tliat  nl^taiued  by  the  .sndiiiui  cbloride 
process  being  more  viscous  than  tliat  by  Woiildridge's  Tuctliod.  Tliat 
they  are  the  same  is  shown  by  tbe  facts  that  both  give  tbe  same  red- 
actions, which  closely  resemble  tbt»se  <»f  globulinn ;  butb  ruutain 
practically  the  same  annnmt  of  phoKphnrns,  fiml  IhjUi  prndiice  iufra- 
VESCtilar  coagulation.'' 

Tlie  term  cdl  glnhvlh  wan  originrdly  introilured  by  me  as  a  c<in- 
venient  designation  for  the  proteids  wblrb  are  cftagidablc  liy  heat  in 
sodium  sulphate  extracts  of  the  celln.  The  nnclen-jiroteid  just  nicn- 
m  \i8cid  when  extractt*d  liy  sndinm  cbloriilc  ami  magnesium 
but  an  extract  with  sodium  sulphate  solution  iloes  not  exhibit 

;eb«r  da«  Pro  topi  aatna."  lierlin,  1S81. 

a.  d.  phtmol.  Inst,  d,  Univ.  Heiiklhtrfj,  \^%%  m.  ii.  S.  273. 
"4,  JmtnK  PhysioL^  Ciimbrid^e  and  T.ondoTi,  IS^fi,  vol.  wiii.  p.  30r». 
Soc.  Lmulmit  188S,   vol  xfiv.  yi.  255;   Jouni.   P!tt/xhL,  Cumhiulffv  and 
I.  ix.  p.  221*.  e  JbiiL,  vuLxviii.  p.  ':\m. 

iw\  Broilip,  ibid..  18&J,  vol.  xvii.  p.  1:^5. 
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viscidity,  and  it  wa  tlie  ahj^eiice  (d  this  charactei'  which  led  me  tn  the 
erroneous  conclusioi   that  no  nueleu-pruteid  had  jj^oiie  inter  f^ohrtiini. 

The  sodium  sul  hate  extmct  Cfnitaiiis  tw(>  ]troteidH,  one  wliich  eo* 
agulates  at  48^-50*'  A,  the  nther  at  75^  C.  The  lirst,  wliieh  I  called  cell 
globulin-a,  is  really  ;  glnlmlin :  it  yields  no  nueldn  on  gastric  digei^tiou ;  ^ 
but  the  second,  whifM  I  called  cell  glohuhn-3,  thoutrh  like  a  gh^hnlin  in  ita 
solubilities,  is  really  the  Banie  nucleu-proteirl  which  hy  treatment  with 
other  salts  is  render  d  \'iscid,^  That  thin  Hidistaiiee  m  related  to,  if  not 
identical  with,  the  i  i>rin  fennent  or  its  ^>nnogeii  (Fekel hiring)  haft  been 
rendered  probable  b  -  the  reflearchea  nf  Pekelharing  ami  myRelf. 

The  albumin  is  f>nly  present  in  luinute  quantitieH ;  its  propertieR  are 
like  those  of  seruiri  all  mm  in,  and  it  may  partly  arise  from  blood  <>r 


lymph  imperfectly  wai 
Proteoses  and  pptt 
changes,  or  of  mani]Mi 
the  other  proteids. 
Myosin  is  absent, 
Lilienfeld-^  has  v. 
cells  which  he  obtaim 
and  the  centrifuge.     ' 
coagulating    at    48^ 
coagulating  at  73-75 


ills. 


the  result  of  poBt-mortem 
employed  in  Bef>arating 


sseandi  on  tlie  ehemiBtry  of 
thi!  usual  joeaii-s  id  pressure 
n*spoii<ling  to  cell  globulin -a 
tisptindiug  to  cell  albinnin 
ill  which  lie  olttained  l>y  iiiy 
:  H,  7i}4;  N,  15-57,  and  P, 
he  cells  contained  protagon, 


sodium  chloride  prncc  *o 

0-433  per  cent.     The  aicoh  o 

amido-valeric  acid,  inositet  and  nuinopotah....un  phosphate. 

By  Wooldridge's  metliod  he  ohtiuned  the  nucleo-proteid  he  has 
called  "nucleo-histciu"  (wee  \k  68),  an<l  he  considers  that  tliia,  in  jiart  at 
any  rate,  is  derived  from  the  nuclei.  Its  pereeutai^e  eom position  is  C, 
48-46  ;  H,  7-0 ;  N,  Um ;  P,  :i*025 ;  and  S,  0701.  The  action  of  artitieial 
gastric  juice,  or  of  OS  per  cent.  hydT'oehloinc  acid,  vn  thig,  i^  to  separate 
the  nuclein  from  the  ]iroteid,  which  j^oes  into  golutirai  m  iiejjtone.  The 
nuclein  contains  4-rH>l  per  ceiit,  and  the  nucleic  acid  prei^ared  from 
this  9*94  per  cent.,  vtf  phoHi>fioniH. 

In  the  following  table  he  pven  the  quantitative  composition  of 
leucocytes : — 


Water  , 
Solids 


as'rii 

H-49 


One  hundred  parts  of  the  solids  contain — 

Total  phosphorus*  ,...., 
Total  nitrogen       ,...,. 

Proteid  ....... 

Nuclein         ....... 

Histon  (i.e.  })roteid  part  of  the  nucleo-proteid) 
Lecithin        ....... 

Fat 

Cholcsterin  ....... 

Glycogen       ....... 


3*01 
15  03 

1-76 

68-78 
8-67 
7-51 
4-02 
4-40 
0-80 


^  Halliburton,  Jovni.  Physiol.,  Canibridgo  and  London,  1892,  vol.  xiii.  p.  806. 
-  Udd.,  ]S9r»,  vol.  xviii.  p.  312.      Pekelharing  showed  this  also  to  be  the  case. 
■^  Ztschr.  f.  phiisiol.  Chein,,  Strassburg,  n«l.  xviii.  S.  473. 


IL 

67-369 

(  7-5C4 

1  7-500 

7-283 

10-284 
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The  liigh  percentage  of  pliosphoriis  in  tliL*  nuelcHi  proteiil  obtained  by  this 
fflfiUiod  is  certainly  not  in  accord  with  the  obstTvatioiirf  of  Jlrodie  and  myself. 

We  are  juBtilietl  in  c<tncludin^  frnui  this  wtnk  Lliiit  the  t^olunrlesB 
corpuscles  <»f  the  IdcxRl  which  ori^insite  t'mm  lyiiiphuitl  HtiucLurt'S  liavt^  a 
fimilar  com}Hi.sitiun.  It  is,  however,  inipoHKihlt^  in  iirveytigate  the  uitual 
colourless  IiIihmI  inipuHcleH  hy  inatirK  hcmiral  tnethoils.  ^lierncheniitially 
they  can  be  shown  Honietimes  to  cuiitahi  fut  iind  glycugen.^ 

Pus  cfU^  are  coUjurlesK  corpuBnleB,  wliieh  show  a  crmsirleraljle  anioimt 
of  fatty  ilegenemtion  and  are  generally  deail :  these  ha\T  been  the  snbje(*t 
of  geveral  res*3arehes.  Tlie  nuclei  eraisist  of  inielein,  whieb  is  bistorieally 
iiterestiiig,  because  this  wast  lie  first  preparation  made  by  the  luetbnil  of 
^tric  digestion  (Mieseher)-- 

The  protoplasm  eonsists  of  liroteids  ehieliy,  but  it  also  yields  ex- 
tractivess  and  inorganic  sidts.  Hoppe-SeylerV  aiialywis  of  t%vo  s;iiiiples  of 
dried  pus  cells  give  the  following  percentage  results  :— 

I. 
Froteids        .         .         .       13-762  ) 
Nnclein  .         ,         .      34-257  '68*585 

iDsohdde  substances       .      20*566  } 

^■•'•""l      .         .         .      14-3^3 
rats  f 

Cbolesterin    ,         .         .        7*400 

Cerebrin         .         .         .        5-199  (^ 

Kxtractivea    .         .         .        4-433^' 

Inorganic  constituents  in  one  bundled  parts  of  dried  fnis  eorpuscles — 

KaCl 
Ca,(rO,)3 

Pinole id^  0/ pus. — Boedecker''  asserted  that  pus  oeeasioually  contains 
gldatin  and  chondrin  in  addition  tr>  proteids,  arul  a  crystalUne  acid  he 
tenueti  chloirhiMlinic  acid,  but  iliescher  was  unable  to  coufirui  these 
results:  Mieseher  was  also  unable  to  find  any  myosin,  a  substii nee  pre- 
Tiously  snpposeil  to  exist  in  the  cell  pro  tophi  sin. 

My  own  observations  coincide  with  those  of  ]\riescher  on  this  \um\i, 
ainl  also  ahow  that  tlje  most  abnmlant  jrroteiii  is  nueUMi-proteid.  In 
bet,  the  prnteids  obtained  from  \mH  are  praetieally  tlte  same  as  t  hi»sc  from 
the  thymus  and  other  iMiiiihoid  structures. 

Fibrin  ferment  was  pTrj^riir-d  fiom  pus  liy  Ilauscheubach.''  (nusider- 
able  quantities  of  prot+i^n  s  .md  ]>eptone  are  geuer;i!ly  fi>uud  in  pus,  iiud 
are  doubtless  produce<l  ihuing  the  retrogressive  ruetamnipbnsis  of  tfie 
C0rpU9f.*les,  The  original  statement  that  ]ni9  contains  peptone  was  made 
by  Eichwald'"^  and  H*>fmeisten**  Though  the  method  they  era] doyed 
«*»o  not  perfectly  tnLstworthy,  S.  Mnrtin"  showed  that  they  wen^  right 
^oncdiusions.      He  phieed   pus  under  alc(Jllt^l  for  nuiuy  weeks, 

'Course  of  Practical  Histolo^'v/'  Lc-iiduii,  1S76,  p.  :1IL 
der'a  "Med.  Chum,  t'rjtei-sut'ilj.,"  1^71,  Hull  4,  »S.  407. 

•nt.  Med,,  IMimg,  N.F.,  lid.  vi. 

s.,  Dorjmt,  1883  ;  Jahreak  U.  d.  FoHscht\  d.   7V«i>r'f7i'v«.,Wicsl.iiiUiJ     IU\. 

l.phifB^tud,  Oea^Uch.  21*  WUrdntrg,  1864,  S.  3a5. 
tH*d,  Chem.,  Straasbarg,  1864,  Bd.  ii.  S.  2^*5. 
mrtt,,  London^  18&0,  vol.  ii   p.  234. 
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and  then  dried  it  and  extracted  it  with  water.  Proteoses  and  peptone 
went  into  solution,  the  other  proteids  having  been  coagulated.  It  is  pro- 
Ijalile  that  some  of  the  symptoms  which  accompany  the  suppurative  pro- 
cess is  })ro(lu('ed  by  the  entrance  of  these  substances  into  the  circulation.^ 

There  is  httle  to  add  concerning  the  other  constituents  of  pus  cells. 
The  large  inciease  of  fat,  lecithin,  and  cholesterin  confirms  the  fact  of 
fatty  (leo;eneration,  evident  to  the  microscope ;  free  fatty  acids  may  even 
be  found  in  old  pus,  forming  crystalline  deposits. 

(llycogen  can  often  be  demonstrated  in  pus  corpuscles  micro- 
cheiuically  by  tlie  use  of  iodine ;2  Salomon^  separated  it  from  the  cells 
in  a])prec'iable  quantities. 

Pigments  (])y()cyanin,  ])yoxanthose)  are  frequently  found  in  pus,  and 
are  ])ro(lu(ed  by  chromogenic  l)acteria  (Fordos,  Liicke,  Pitz,  Kunz, 
lkl)es).4 

Tkd  proff  i(h  of  red  marrow  cells. — In  the  lymphatic  glands  and 
thymus  the  cells  are  non-eosinophile ;  in  the  red  marrow  the  cells  are 
mostly  eusinophile.  Sherrington^  showed  that  the  eosinophile  granules 
give  niieroch(;iiiically  the  reaction  for  phosphorus,  introduced  by  Lilienfeld 
and  Monti  ;^  llie  cells  themselves  were  investigated  macrochemically  by 
J.  I  J.  F(»rrestJ  The  marrow  used  was  obtained  from  the  interior  of 
rabbits'  femora  and  horses'  ri])S. 

His  results  weie  very  like  those  oljtained  from  other  cellular 
structures.  Two  ])roteids  only  were  obtaina])le  in  any  quantity,  these 
were  a  cell  glol)ulin,  coagulating  at  47°-r)0'',  and  a  nucleo-proteid.  The 
latter  contains  a  high  percentage  of  phosphorus,^  namely,  1*6.  Ha-mo- 
globiii  is  ])icsent  in  small  quantities,  and  pi'oteose  and  peptone  are  absent. 

EpitJhiii'in. — Our  knowledge  of  the  tissues  included  under  the 
beadiuLc  e|>ithclium  is  ])rineipally  histological.  There  is  no  reascm  to 
su])|)ose  tli.Ml  the  ])rotei(l  constituents  of  the  ])roto))lasm  and  nucleus  are 
in  any  way  dilfcient  from  that  found  in  cells  generally. 

Xfnriii  is  formed  in  many  situaticms,  both  in  tlie  cells  of  mucous 
gl;in<ls  .111(1  in  i^'obk't  cells,  ft  is  also  the  ])rinci])al  constituent  of  the 
cenicnlinL!;  in;it<'ri;il  between  the  cells. 

Mums  is  the  name  given  to  the  se(;retion  which  owes  its  sliminess  to 
iniiciii.  MiK'us  also  contains  epithelial  cells,  more  or  less  disintegrated,  and  a 
few  leucocytes.  It  has  an  alkaline  reaction,  and  contains  a  certain  small  pro- 
portion of  prot<'i<ls,  extractives,  and  salts,  similar  to  those  of  the  blood.  In 
some  <;iscs,  the  mucinoid  material  in  secretions  is  really  a  nucleo-proteid. 
Thus,  ill  the  hilc  of  some  animals  like  the  ox,  there  is  very  little  true  mucin, 
l)iit  tin'  viscidity  is  almost  entirely  due  to  nucleo-proteid  ;*'  in  human  bile,  on 
the  otlicr  liaiid,  the  viscid  material   is  mucin,  very  little  nucleo-proteid  being 

'  Dtt  .iml  <  1. Ulnar,  Journ.  P/n/sioL,  ( ";uiil)ri«l,L;(3  and  Lomlon,  vol.  viii.  ]».  218;  Krehl 
.Old  M.ittli.^^  Ih  >,!.,'!,.•<  Ar>'J>.  f.  k/ln.  Mnl.^  Lrip/'i^r,  isoc,^  jM.  jiv.  S.  .'Ol  ;  Ar--h.j\  (xyn-. 
J'lif;..  V.  l'h,tnn'<l^'J .,  \.v\\v/\<^'.  Is'.m;.  r.,1.  xxxvi.  S.   137. 

"-'  llnivifr.  /'/•'"//■'>•  //"'/..  I'.iii^.  1^77.  y.   Vl'l. 

■■  l><>''sr!,r.  ,w   ./.    irri,„s:-hr.,   l..i)./i-,   ls77.   Xe.  n:.. 

'   <''n,.j-f.      ,',<'<.      .!'•."/.      <J.     sr,,      l>,iMS,      l,s<;.l.      tolil.'      li.       ]..     LM.')-.     JrrJ>.     /".     /////.     ('/lir., 

r.riliii.  I>r;_',  IM.  iii.  S.  ]•.•:.:  (j,>,frf.  .I.,nrn.  Mi-r.  S\-..  [.(.n  h.ii.  .Ian.  "iSSO.  ]..  lOti  ; 
.]f„in'f./>.  ,/.  r/..  ,,.,.,  Wi.-n,  TmI.  i^.  S.  :5»;i;  rn,npf.  /•-////.  Sur.  .1,  A/,,/.,  Paris.  Is^m, 
I..    V.>. 
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piQKat^  Tlie  mueus  of  urine  has  alsi^  been  sttited  to  be  nuelco-proteid  in 
jutura'  K.  A.  H.  il«imer^investigatefl  healthy  human  urine  ;  efR'li  experiuient 
necessitated  the  use  cjf  80-90  Htrej?,  He  found  proteid  or  i>roteidIike  mate  rials 
putlj  iu  susj»ension  in  the  ordinary  mucous  cloud  or  nid>ecula,  and  partly  in 
iolution.  From  the  nubecula  lie  separated  a  specific  member  fjf  the  muein 
group,  which  lie  calls  urrne  mucoid.  This  prnljably  originates  frcam  the  muctuis 
membrane  of  the  urinary  jiassages.  It  contains  C  4^^^4,  K  12*74,  and 
S  2*3  pier  cent. ;  and  in  its  general  projwrttea  agrees  with  ovo  mucoid  pretty 
closely  (^^  p.  63),  The  soluble  proteid  in  urinej  which  is  present  in  the 
merest  traces,  is  chiefly  serum  albiuivin,  hut  some  is  preeipi table  by  acetic 
acid,  and  ibis  part  consists  of  a  nucleo  proteid ;  precipitated  with  it  was 
found  a  small  quantity  of  chondroitin  suljihuric  acid  (see  "Cartilage" ). 

The  mucin  \A  the  respiratory  passages  has  lieen  investigated  lay  F.  Mullcr."* 
He  finds  it  is  true  mucin,  ni>t  nucleo-proteid.  It  yields  from  25  to  32  per  cent. 
of  reducing  substance.  This  is  a  nitrogenous  derivative  of  a  hexose,  and  is 
probably  glucosamine. 

Ktraiin  and  the  »keh(inis  are  epithelinl  products  which  have  already  been 
described  (p.  72),  The  enamel  of  teeth,  aHImii^]!  epitlielial  in  origin,  will 
be  taken  witli  the  skeletal  tissues.  The  epithelium  of  secreting  glands  will 
be  studied  with  those  glands  and  their  secretions. 

Glandvlak  Organs. 

The  liver. — The  fresli  liver  is  alkaline  in  reaction,  but  afltr  death 
•oon  becfiines  acid  fnau  the  develnpmeat  (d'  rtart'tdaeiie  a<'id. 

The  number  of  nrgaiiic  HubstniieeR  in  the  liver  is  very  imiuciouH, 
There  are  proteids  and  nuelein  from  tlie  bepatie  cells;  there  are 
Bubetances  like  glycogen,  yugar,  an<l  fat,  ntnred  w^  within  the  cells,  or 
produced  from  stored-up  HubHtances,  (lelatiu  and  nmein  are  obtainalde 
from  the  connective  tiBHue  fmmewurk.  There  are  also  i-xtrac  tives  like 
xanthine,  liypoxantbiue,  and  uric  acid;  laslly,  ;i  smali  pru]MirLinn  of 
inorganic  constitnents. 

Tlie  proportion  of  water  is  about  75  per  cent.  v.  Bilmi^  gives  the 
following  nuniberH : — 

Water      ,         .     76i 7  percent.  Gelatin     ,         ,       3*37  per  cent. 

Insoluble  tissues      9*44      „  j        Extractives       ,       2*40      „ 

Proteids  .         .       2^40      „  I       Fats         .         .       2*50      „ 

Prokifh  nf  (kr  llnr  tr/is. — These  were  first  invest  igated  by  1\  Vb'"S7.^ 
He  found  that,  accoinpaimng  the  onset  of  acidity  after  deatlt,  the 
liver  l>ecanie  harder  and  less  transparent;  he  tliereff>re  eonipared  the 
eoudition  to  the  riffor  mfyHh  of  nuiHcle,  and  sought  for  niyoHiu  by  the 
methods  Kiihne  had  introduced  fi»r  separating  inusde  ]0a8raa.  He  did 
not,  however*  tind  any  myosin.  He  extraeteil  the  proteitls  by  means  of 
ealine  sw^lutirms  of  various  strengths,  and  hauid-^ 

(1)  A  proteid  coagulating  at  45*^  C,  wb<*lly  snluble  in  pishic  <ligestion  : 
y\  9  Tincleo-prateid,  coagulatbig  at  TO"  ('.,  yielding  \u\  insoluble  icsiilue  of 

larsten,  Kon,  Ots,  der  Wis«*^  U|fR.alai,  1893  iSrparaffth-itff) ;  IJiiginsky  uml  Sointr- 
mdi,  d.j>h^nof,  Gfjiellsch,,  Berlin,  ]89i-r»,  Nob  13,  14/ If*  in  Arch,  f,  Phit^ioL, 
.95,  S.  J62. 

*rj?,  Vpsaln  Ldhtr^f.  Fork.,  vol.  xw.  ;  K,  ^b»rmTt  Ifffifiea,  Stnf  kiiuhiij  18i>2, 
w»mi»yer,  CctUraifil, /.  liin.  Med.,  Ilnna,  Hd.  sit. 

Areh,/.  PhijnoL,  Leipzig,  1805,  S.  :132. 

rf.  GfscfhcL  :.  Bf/Ord,  d.  fjr»,  Xfth'r'r.  zn  Mffibtmj,  l«if>fi,  No.  6. 

**ChetT!i3«^be  Fm|?mentp  uebpr  die  LrlMT/'  1849. 

..  fjff^,  FA?AtiVi/.,  Bonn,  B^l.  vit  S.  371. 
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nuclein  on  gastric  i  igeaii"ii ;  (3)  a  globulin  coagulating  at  75°  0, ;  and 
(4)  alkali  albumin. 

A  good  many  y  ara  later/  T  repeated  these  exiKTiu»etita ;  and,  like 
Plosz,  failed  to  find  i  iyo.^iiL  Myuniu  ai)[>eiirfl  tu  be  a  8|>ecitie  constituent 
of  muscle,  and  has  i  ut  been  fnuiid  anywhere  ebe.  The  hardening  that 
occiu"8  in  the  liver  a  ter  death,  and  which  is  very  Blight,  is  ptx^sibly  ilue 
to  the  solidification  n\  the  fat  in  the  e^lLs  ;  though  it  is  alyo  quite  poesililCi 
as  Plosz  suggests,  t  it  if  coagulation  does  occur  in  the  cells  witii  the 
formation  of  a  myi  -^iu-Iike  clot*  thi^i  takers  place  m\  rapidly  that  our 
present  methods  do  imt  enable  us  to  separate  its  preeuranr  from  the  cells. 

The  proteids  I  obtaineti  by  the  use  of  a^dinc  wolutious  were  four  in 
number : — 

1.  A  globulin  (cell-      "    "'  "at  45'='- 50^  (1 

2.  A  nucleo-proteid  ^bout  60^  C,  and  i^  identic-al 
with  that  obtainable  b  acitl  nieUutd  friun  the  cells. 
It  contains  1'45  per  (  i  dries  nut  Ijc^^func  viscous  on 
admixture  with  nei  »dium  chloride  niethod  of 
preparing  nucleo-pro.  •  to  it-  It  produces  intra- 
vascular coagulation. 

*i  A  globulin  coa^ 

4.  An  albumin  in  jaguktes  at  about  the  same 

temperature. 

Other  onjanic  comti  .r/    — Urcu,  uric  acid  (especially 

in  birds),  xanthine,  and  ny  ^v     ound  in  the  liver  ;^  leucine 

and  tyrosine  are  fnund  in  t'<i»cp,  n\  aL...e  yellow  atrophy,  and  in 
phosphorus  poisoniiig.^  Various  nther  substances  Iiave  been  described 
as  occasional  constituents/ 

A  substam^e  calletl  jaorin,  containing  ph<»sphtnns  frn,.,Hi^N.Sp30^,), 
was  separated  from  the  liver  by  Drechsel/*  Tn  iU  ifrojierties  it  some- 
what resembles  lecithin;  it,  however,  reduces  Fehliugs  solutiou,  which 
lecithin  does  not.  According  to  ISaldi,''  it  occurs  in  many  other  orgaiis^ — 
spleen,  muscle,  brain,  etc. 

The  (piestion  of  the  iron-eoutaiuing  mu-leins  u\  ihc  liver  {Zaleski's 
hepatin,  Schmiedebergs  ferratin/  etc,)  is  alluiled  tn  uw  p.  61X  The 
iron  in  tlie  liver  is  iia-reased  in  discnses,  like  ]HTni<'inuH  arui  luifi,  which 
lead  to  increased  deslruction  nf  red  IiIimhI  eurniiscli^s ;  it  is  nra*niallv 
greater  in  young  (especially  new-biun)  animals  tfian  in  ulder  onea. 
Animals  apt)ear  to  enter  the  world  with  a  st^jro  of  iron  in  tlie  Liver,  and 
to  a  less  degree  in  the  spleen,  whieh  lasLs  them  until  they  are  able  to 
take  foods  other  than  luilk,  winch  is  poor  in  iron.'* 

^  Jo  urn.  Phf/sioL,  Cnuthrvl^v.  iind  Loii'Iim,  ISfiS,  voL  xUL  p-  80t>. 

'' Sotiiitsclicwskv,  Ztst'hr.  f.  jthymoL  Ckem.y  Stiassburg,  Bd.  iii.  8.  391;  see  also 
Rr.lmiaiin,  Brrl.  kfia.   U'chmchr.,  1888,  8.  43  and  44. 

^Guanine,  iuosite,  .scyllite  (Kri'riclis  and  Stadelor,  Miffli.  J.  Zurich,  imtur.  Gcscllsch. 
1858)  ;  cystiiiL'  (Mopjic-Seyler,  "  Physiol.  CIh'iii.,"  S.  718)  ;  .sarcolacticacid,  probably  formed 
after  death. 

^  Journ.  f.  pntll.  ('hrm..,  Leii)zi.i^',  Hd.  xxxiii.  S.  435. 

^'  Arch./.  I'h;/sin/.,  Lfip/ig,  1887,  Supi.l.,  S.  100. 

"  Foi-  rect'iit  woik  in  Iciratin  and  iron  in  tin-  liver,  and  ab.s<»rj>tion  of  iron  compounds 
as  food,  s»M'  F.  Vay,  Xfsrhr.  f.  phjiitiol.  ('hem.,  Strassl)nrg.  Bd.  xx.  S.  377  :  Woltering, 
ihi^/.,  lid.  xxi.  S. 'lS(j;  Hall,  Arch.  f.  J'husioL,  Leip/.i«<,  189r»,  8.  49,  142;  Cloiitta, 
ArrJi.  I',  i'.rjhr.  J^dth.  V.  J-hnrini(kul. ,  Leipzig,  1890,  Bd.  xxxiii.  8.  0;  Hochhaus  and 
(,)nineke,  ibuL,  8.  152  ;  Quincke,  ibid.,  8.  182. 

*^  Meyer  and  IVrnon,  ZLichr.  /.  Biol.,  Miinehen,  Bd.  xxvii.  8.  439;  Lai)ie(jue,  Co/npt. 
rend.  Soc.  de.  Idol.,  Paris,  tome  xli.  p.  435. 
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IfMiujank  ronMlt*tt'/ifa  of  the  liter. — Uidtiiiaijri*  ffuiud  Tl  per  cent  of 
morpmic  materml  iu  the  liver,  of  whicli  t>ntaH.sinin  plioyplmte,  m  in 
xamj  other  urguns,  is  tlie  most  abmidant.     His  numbers  per  cent,  are  :■ — 


Potash     .  .  25  17 

Soda        ,  .  .         1417 

Lime        .  .  .           3*62 

Magnesia  .  0*19 

Iron  oxide  .  ,          2  "75 


Phosphoric  acid       •         4 3 -37 
Sulphuric  acid         .  0^1* 

vSilicic  acid      .         .  0  27 

Chlorine         .         .  2'5 

Manga  nose,  lead,  copper  traces. 


F.  Kriiger  and  Len«  ^  found  that  the  liver  cells  of  the  calf  contain  about 
lO  per  cenL  more  calcium  than  in  the  ox.  During  the  foetal  period  tlicre  are 
two  maxima  and  two  minima  in  the  aniotmt  of  calcium,  whirh  varies  inversely 
with  that  of  in>n.  In  the  liver  cells  of  adult  men,  Kriiger  and  hij^  assistants^ 
fotmd  2*38  of  sulphur^  1-28  uf  i»hi>s|ihoruSj  and  0'77  of  irtfU  percent.  In  now- 
born  children  the  three  numbers  are  respectively  5*56,  1J>4,  and  0*314. 

The  epleen. — ^Tlie  pereenUige  of  water  in  the  adult  human 
fpleen  vaiies  from  G9"4  to  77  5,  the  Holids,  fnini  .'U(i  to  22'h,  of  wliieh 
30*1  t*i  21*6  eonaist  of  organic,  and  from  I'l  to  0*9  of  iuorganic,  matters.'* 

During  life  the  spleen  ih  allvaline.  Acidity  selH  in  after  death,  due 
to  the  faraiation  of  t^irenketie  acid/'' 

The  organic  conHtituentB  of  tlio  sjdeen  are  pmteidw  uud  ha-moglobin, 
xanthine^^  hypoxanthine,  uric  acid,^glyciigen/  inosite/'  sc  yllite,*'*cereljriii,*^ 
cholesteriii,  lecithin,  and  jecorin.^-  Various  fatty  acids  (formic,  acetic, 
butyric)  descrilied  by  Scherer  ^^  are,  no  <lonbi,  ilerived  during  tfie  i)roeess 
of  distillation  from  the  protei<lH.  Leucine  and  tyro.siiie,  which  are 
absent  from  tlie  fre^sh  organ,  are  often  found  as  a  result  of  ]nitrefjictive 
changes  (H*>pjRvSeyler).  Tlic  inorganic  cnnstituents  are  very  like  thowe 
bimd  in  the  liver,  except  tlmt  WHlioni  are  more  aitundant  than 
potoflgiuni  aaltvS,** 

Tfu  proteiik  0/ the  ^pievH. — Gomday  ^^  fouTid  that  the  pruteids  which 
can  be  extractetl  from  fresh  .spleen  resemble  those  fnuiiil  in  lym]^hoid 
itructures;  the  most  important  nf  these  are  a  rcll  globulin  coagidjtting 
it  49*-50**  C,  and  a  nucleo-proteitl  coagulating  at  .^7-60''  C  liottazKi  ^^ 
conlirus  these  okservatious  in  tlie  nuiin.  The  nueleo-inoteid  can  be  prc- 
{Aretl  either  liy  Wouhlridge's  (»r  tlie  .sodium  chloride  method,  and,  like  tliat 
olitained  from  other  celluhir  organs,  ]n<KhiceH  intra  vascular  coagulatimi. 

*  **Die  &iinrg.  B^^t^mfltlnulc  der  Lf^r/'  Ejiriniuli,  1858, 

^  Ztwehr.f,  Biiil.,  MtinHicn,  1890,  IW,  xxxi.  S.  m^L  ^^  md,,  S.  100. 

*  Old tni  Attn,  loc,  tit, 

■  Hirschler,  %t$ehr,  f.  phynid,  Ch mi.,  StrasNlmr^'.  Ril.  \\.  S.  11. 

*9clierer.  Ann.  rf.  Cheni\,  Ijeipzig,  Bd.  ovii.  S.  314  ;  .SturU'li^r,  ihhL,  Rt!.  cxvi,  8.  102  ; 
HitthaaiT,  Ztxkr,  /.  awaL  i*hnti.^  \Vi*ji*ba<l(-ri,  \V\.  vi.  S.  3:1  ;  Cunip'lkrtjiinj^,  Ann.  d. 
dent.,  Leipzii;,  B<L  xevtii.  8.  1  ;  Clot'tK  iA'>^>,  l^'l^  vi  jx.  H,  l^iiK 

'  ScherfeT,  Giintp-BtHanez,  CloiitU. 

*  Hoppe-Sevlcr,   *'Med.  Clierii.   LTrittr.siuli./'  VA.  iv.  8.   4Jirj  ;  AIw'I.h,  rrnfrnlU. /.  d. 


h.,  Berliii,  1876,  No.  T*. 
>♦«   Sclipn!r. 

mkI  iStiidi^ler,  MiUfi.  d,  Zwii^h,  nahtr.  fJ**^tfMi.,  1S55. 

^-yler.  »'  H*iUli.  Arrh,  f.  PhffthK,  Lv\\rA^,  8u|i|.l.,  18S7,  S.  100. 

i  d,  phif.H.-mcd.  frfji^lhrh.  zn  IV-urzhurtj,  Hd,  ii,  .*^.  'Vl'>^. 

^ves   tliu   foUowijjg  i>ercriitagca: — Sutla,   3r>-^5  ;  Tdmnjiliorie  arid,  18-30; 
'6-2*5  ■    iMitasli,  &-17  ;  oxido   of  injii,  7-l<^> ;  ivilii'fi,  O*2-0"7  ;   liiiiP,    7; 
;  jjiangaiie8«\  tojiner,  lend,  tnics.     For  a  <HnnjiJAriNoii  of  the  [iprccntagt;  uf 
oi^plioruH  in  the  miisitif  ainl  siilotiic  cellj*  at  ditfereiit  ages,  si^f  F.  Kriiger, 
Maiichen,  1895,  1^1.  xxxi.  S.  400, 
Ud.f  Cambridge  and  London,  1894,  vol.  xvi.  \\.  S-'J. 
w.  ddi/arm.,  1895,  vol.  xxi. 
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Another  point  in  connection  with  the  spleen  relates  to  the  question 
whether  or  not  j)roteo8e8  or  peptones  are  obtainable  from  it ;  this  is  im- 
])ortant,  because  Sidney  Martin  ^  has  found  that  the  proteoses  of  diseases 
(diphtheria,  tetanus,  etc.)  aeciunulate  in  the  spleen,  v.  Jaksch^  states 
that  normal  spleen  contains  "  peptone  " ;  but  the  careful  work  of  Gourlay, 
in  \\hk']\  he  used  Devoto*s  ammonium  sulphate  method  and  the  alcohol 
method  failed  to  detect  any. 

Lymphatic  glands. — The  capsule  yields  gelatin  and  mucin  like 
connective  tissue  structures  generally.  The  reticular  tissue  yields 
reticulin  (see  ]>.  72)  and  gelatin  (see  p.  70).  The  chemistry  of  the  cells 
has  been  alicady  described  (p.  81). 

Ill  a  lymphatic  gland,  about  two-thirds  are  water,  the  remainder 
solids.  The  tissue  is  alkaline  during  life,  and  turns  acid,  due  to  the 
devcl(»))niciit  of  sarcolactic  acid,  after  death.^ 

Thymus. — This  is  also  principally  lymphoid  tissue,  and  the  above 
remarks  ap])ly  ecpially  well  to  it.  Nothing  special  is  known  of  the 
clieiiiistrv  of  the  concentric  corpuscles.  The  presence  of  extractives 
like  xanthine  and  hypoxanthine  has  been  noted  by  Scherer,  Gorup- 
Bcsaiiez,  Fj'cviclis,  SUideler,  etc.,  whose  w^ritings  have  been  already 
rofcrnMl  to.  Schindler  ^  has  estimated  the  "  nuclein  or  alloxuric  bases" 
(sec  ]►.  G7)  obtainable  from  the  thymus  of  the  calf,  with  the  following 
results  : — 


rci«''iit;i;;c  in  i  Adenine. 


Hyix)xanUiinc. 


Fiv.],  ti.sur       .  .  0-17'J  0-002:3  O'OO/.I 

Dry  ti>siu-  .  .   ;  1-910         '  0-218  i         O'OTl 


Xanthine. 


0-038 
0-3r)0 


The  \\]'^\\  jM'icciitagc  of  adenine  is  noteworthy.  Like  the  other 
orirans  alicady  described,  the  reacti(ni,  alkaline  during  life,  becomes 
ra]>idly  acid  after  death.     The  acid  is  sai'colactic  acid.*'' 

The  thyroid.  -Tliis  orj^^aii  is  also  alkaline  during  life,  but  becomes 
ac  d  aftei"  death  ;  this  is  due  to  sarc()lactic  acid  (Moscatelli). 

Vaiiniis  cxtiactives  (fatty  acids,  xantliine,  hy])Oxanthine,  etc.)  have 
been  found  in  it  l)y  ( loi'up-V.esane/,  Scherer,  Frerichs,  and  Stiideler. 
liiosiie  has  liceii  found  by  Fraiikell^  and  by  Tambach.'^  The  main 
constituents  of  the  thyroid,  however,  are  proteids,  and  a  })rotcid-like 
suhstaiK'c    fioiii    the  colloid  niatei-ial  in  the  acini. 

ni(hiiiann  found  in  the  adult  thyroid,  S2-24  water,  17'00  organic  and 
01  iiioruanic  material  ]»er  cent.  In  an  infant's  thyroid  the  numbers 
weie  77'-],  L'L'-.'.r..  ;ind  0'44  res]>ectively. 

The  inipoitaiice  of  tlie  cbeinistry  of  the  thyroid  arises  from  the  fact  that 
the  aihiiinist  rat  ion  of  thyroid  extracts  has  l)een  attended  with  curative 
I'csnlts  in  cases  where  llic  tliyroid  is  altsent,  or  no  lon^ei'  forms  the 
inlcni;d  sccid  i..ii  \\hi<'h  is  heli('\cd   to   he   necessarv  for  the  nutrition  of 
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VHrinuH  att^iiqjts  have  been  irmrle  in  fliscr»ver  the  active  principle  in 
llie  thyn»i«l  whii'h  is  respfULsiljle  fnr  its  eiirative  properties.  Kntkin  ^ 
drtriimte^  the  ai'tivity  *>f  the  ghtnd  lo  its  prnteitl  ciynstiluents,  esjMjiijtlly 
t4»  tLe  one  called  thpri*prvkiii  by  linbinjw,^  which  acts  after  the 
Uianner  of  an  enzynie. 

Gom4ay*  made  a  thorcmt^b  in%'estigntina  of  the  jmiteids  nbt^iiimldc 
from  the  or^n.     His  condusiuns  were*  us  tnllowH:— 

1.  Tlie  fnlv  jmtteitl  that  can  he  *>htainecl  in  any  f[iiantity  fifnu  the 
tliyrt:»ul  is  a  nuclen-pniteid>  This  inay  l^e  prcjiareil  by  either  the  acetic 
acifl  or  sfwUnm  chloriile  methorl,  and  when  intra vascularly  injected 
(Hii^eB  thrnrabo«is. 

2.  Thi.s  is  derived,  at  any  rate  {wirtly,  from  tlie  ctilloid  matter  in  the 
acini;  it  yields  no  augar  on  treatnient  witli  dihite  luiiieral  acid,  and 
b  therefore  not  a  nmcin  or  jniiciiitl.  Murettver,  tlie  inicrnchenn<'al 
method  of  Lilienfelil  and  !M(aiti  Hbuws  tliat  it  (oiiiains  jdinHplHUus. 
The  al»8ence  of  mucin  is  cnntirnied  by  Frankcl  and  by  HutchiHon. 

3.  Small  ([iiantiticH  of  allmniin  are  alno  (il>tainable. 

A  year  later  Fninkel  ^  separated  from  the  gland  a  <  rystalhne 
material  with  the  formula  ( V.HnN^tJr,,  which  lie  ca]h,Hi  fJiifrro-avfifujiti^ 
though  the  exj^erimont^d  and  clinical  cvidcntT'  quoted  hardly  seem  to 
justify  the  name. 

R1X18  and  Bainnann*^  have  diBCovercd  an  iiHline-contaiiiinj^Miuiterial, 
wliich  <x?€iii8  chielly  in  conibination  with  the  proteid  of  tlie  organ,  but 
partly  free.  It  ia  remarkalde  in  beinj^^  insolnble  in  10  per  cent  liydro- 
chloric  acid,  a  reagent  whicli  diHsolves  all  the  otlier  substances  lacsenL 
It  was  previously  known  that  the  a(*tive  Hu]»slan<ie  was  very  stable. 
ni\Tr»itl  feeding  is  followed  by  as  gnod  resrdts  ns  injection  of  thyroid 
extracts:  the  active  substance  tbcrebtre  resists  the  action  f*f  digestive 
ferments.  Tlie  subst^tuce  was  named  fiy  its  disf^ftverers  thym-iod'm,  or 
iodo-thyrin ;  itcrait-funs  0*M  per  cent,  of  indiiuMind  t>5tJ  percent  of  ]»hos- 
pbonia  It  is  not  prolmbly  a  derivation  of  nuclcin,  bat  its  coUHtitutiun  is 
not  yet  known.  The  aiuramt  of  iodine  per  graunue  of  the  orgun  in  huinan 
idult«  varies  from  {yW  to  0  9, 

Whether  this  snbwtante  is  reidly  tlic  ini]>oitant  ]>i'o\]iiisitc  principle  in 
thyroid  extracts  and  by  infereuc(*  in  tfic  nornial  internal  sc(*rction  of  the 
organ,  must  still  be  left  to  the  future.  For,  though  I^oos  and  Bavnnnnn 
slate  that  it  acts  in  every  way  like  thyroid  extracts,  (iottlieb^  has  been 
unable  t<i  eontirni  the  statcnu/nt,  thraigh  jujssibly.as  Aiu'ibsH'b^  suggests, 
this  iii  to  l>e  attributed  to  his  having  used  prepanitious  veiy  ptmr  in  indinc. 
Weak  fH>int,s  in  the  theory  aiit>ear  U>  lie  the  ubsenec  of  tin-  widistauue 
in  the  thyroids  of  children,  and  in  sonu^  aTiiiuals  like  dogs  mdess  tficy 
are  put  on  a  j^artieular  diet  (drig  biscuits).  Small  (luantities  of  if  Kline 
are  found  also  in  tlic  thynuis. 

>  Wi^n.  m^d,   Jrf/ni**/fr.,  ISflf,,  KoH.    11*  ana  20;   Vhrhotrs  Jrrhiv,   lS9(i,    Ikl.  <  xliv. 
S.  224»     The  femiotit  Iheory  wan  also  arg<Ml  ]ij  Whiti^  au<t  Davids,  Hril.  Mtfi,  Jfiuni. ,  London, 
.1,  I».  96^. 
'$f,/.pft)f8fftf.  f'hrm.^  Stras^tnug,,  BJ.  viii.  JS.  1, 
■n,  Fkyaiol.,  Cjiniliridgi?  and  l>f>tKlon,  ISP  I,  vn],  xvi.  \k  i?^. 

kotun   {Vraeh,   SL    Vetersbnrg,   ISn.'s    No.    37)   pw^   Ww   nimfinsitioii    i>f  tliis 
ftteid  •»— C,  6r4«  ;  N,  I5'5(>  ;  P,  rc;jii  ;  H,  fifH  :  8,  If.  ;  Q,  *i4 '2*j  [ilt  ci?nt. 
.  mrd.  BL,  \mfi,  No.  4B  ;  1890,  Nos.  13,  \A,  and  IT*. 
% /.  phffmfil.  Vhftn,,  Strn-'^stmrg,  Bd.  xxi.  S,  19.  Z\\\,  IHl  ;  xxii.  S.  ],  18. 
mcht  m^*  Wekntfthr.,  Leipzig,  \U\,  xxii.  H.  23fs 

rolbi.  /,   Physiol,,   Leipzig,   18^6,   Hit,  x,  S.   133.     IVr  vjiiiuns  oflifr  rpfciTnce?* 
work  on  this  (]Ue.Htinn,  see  ibid.,   No.  6,     Fcir  lite  inflnciu'e  of  ifMJu  tlivrin  on 
n,  eee  F,  Vmt,  ZiHchr.f.  Biol  ,  Miint^ti^n,  I8P7,  Bd.  xxxv.  H.  ]]n. 
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This  discovery  \  a  eoiiipouiid  containing  iuiliiie  in  the  atdnial  iMidy 
is  a  very  remarkabk  une,  hut  is  not  unique,  AluioBt  sinudlaiiei^u^ly  witli 
Bauinann's  announc  sment,  Drechsel  *  published  a  researcli  mi  tlie  Ijoniy 
skeleton  of  Gorgoni\  mvolinn.  Here  he  found  iodint^  iii  urganic.  com- 
bination, and  on  dec*  lUi  posit  ion  the  skeleton  yielded  a  ervMliilline  ana  Jo- 
acid  (iodo-gorgonic  t  :*id)  of  imcertain  constitutioiij  and  with  the  fonnida 
C4H8NIO2.  Drechsi  1"  has  also  tVuind  iodine  in  the  hair  of  a  syphilitic 
patient,  taking  iodide  of  jiotaiisiutu.  With  reference  t<i  the  thyroid,  he 
suggests  the  very  re^  .souable  hypothesis  that  this  orgiin  pnRhtees  more 
than  one  active  bi  hwtiinee,  and  that  the  jliflerent  suhntixneeH  liave 
different  actions,  he  has  confirmed  tlie  existence  both  of  Ikumanue 
iodo-thyrin  and  of   Fninkera  thyreo-antitoxin,  and   has  further  s^epar- 


ated  out  a  second  cr 
the  proteid-free  extrai 
inactive.     He  finds  tl 
taining  colloid  subi^tP 
acini  and  the  nucle^j- 
is  the  active  const  it 
two  parts.     One  ptr. 
feeble  physiological  j 
nuclei n.     it  is  more 
and  all  the  phosphon 
The  suprarenal  1 
the  usual  extractiveB  ann 
the  most  a])undant),  various  uu.^. 


ihisun,-  however,  hnds   that 

se  Ijayes  are  jihyBiologically 

mected  with  tlie  iodine-eon- 

a  between  the  colluitl  of  the 

Ui  liinng  them.     The  fortuer 

5  digestion  decumpfised  into 

jis  a  little  i^idine,  and  has 

trt   ia  not  ])niteid,  and  not 

^e  greater  imrt  of  the  iodine 

I 

mi,  in  addition  to  |m»teids  and 

^  whifli  ]totU3^aium  phns[>hate  i« 

.irritanees  have  been  descrilied,  such 


as  hippuric  and  tanrochohc  aeid,^  ben^nie  acid,  taurine,"*  and  inofiite,^ 

The  cliemistry  nf  the  t^uprarenal  h  uf  esjieeial  interest  because  of  the 
work  of  Schafer  ami  ^)liver*^  nu  the  action  of  extracts  t>bt-iiiued  from 
it.  It  is  now  generally  Itelievetl  that  the  function  of  the  gland  is 
secretory,  and  thai  the  fatal  elTeclH  of  itw  removal  iii  auiniaK  f>r 
disease  in  man  (Addison's  disease),  is  due  to  the  removal  of  an  internal 
secretion,  and  not  to  auto-iutoxieation  from  the  non-removal  of  waste 
products.^  Tlie  artivtj  jmnciple  is  obtained  from  extnicts  of  the 
medulla  of  the  lieidLiiy  gland  :  iL  is  absent  in  advanced  eases  <»f  Adtli* 
sou's  disease. 

Tlie  earlier  cbst^rverH^  were  iuchnetl  to  altrihute  the  toxic 
results   of  suprarenal  injections  to  netnine.     This  is  not  so.     Neiume 


^  Zfsc/rr.  f.  BioL,  MiiiKhfD,  iSflG,  Bil  xsxih,  .S,  &3  ;  CftUraJM,  f.  PhfuhL,  Uipitk, 
fxl.  ix.  S.  704.  "  ' 

-Brit.  Mf'd.  Jifurn.,  Lnrifluu,  189r>,  voL  i.  \i>  7-!2 ;  }^97,  vol.  i.  (i.  4;  Jtmrn.  Pinj»kd.^ 
Cambridge  and  London,  iSJ'i^,  vol.  xx.  p.  M\, 

^  Cloi'z  and  N'uliiian,  t'ompt.  raui.  AcmL  d.  «c..  Tans,  1857,  tome  li.  p.  10  ;  Gaz,  m4d, 
de  Paris,  1858,  No.  '24. 

■•  Scligsohn,  Diss.,  Ikilin,  1858;  Holm,  Journ.  f.  prakt.  Chem.,  Lcijjzig,  Bd.  «j.  S.  150. 
Stadelmann  could  not  confirm  those  statements,  Ztschr.  /.  phif^ioL  Chem.,  Strassluirg,  Bd. 
xviii.  rossil)ly  these  substances  are  absorlied  from  tlie  neighl»ouriug  gall  bladder  and 
kidney. 

'"'  Kulz,  Sifzuih/sh.  (I.  (JrsrJhck.  z.  Befi'trd.  d.  (jes.  NiUunr,  zit  Marhurij,  1876,  No.  4. 

^' Jonni.  I'/ii/sio/.,  Cambridge  and  London,  1895,  vol.  xviii.  ]».  230.  Some  speculations 
as  to  the  function  of  the  cortex  by  Auld  will  be  found,  Jirit.  Mr^i.  Journ.,  London,  July 
4,  1M*»;  ;   Manasse,   rirchoins  Arrh'iv,  Bd.  cxxxv.  S.  2(\^i. 

'  The  discovery  of  h;emochromogen  in  the  medulla  of  tlie  organ  by  ^LacMuun  [Proc.  Roy. 
Soc.  London,  lid.  xxxix.  S.  24S)  aj>pearcd  to  favour  the  removal  hypothesis. 

^  Pelliicani,  Arc/t.  p  r  If  sc.  uud.,  Torino,  1874,  vol.  iii.  ;  Foa,  ibid.,  1884,  vol.  viii.  ; 
Marino-Zucco,  (Item.  C'id.r.-B/.,  Leipzig,  1888;  UiUersu^h.  :.  Xaturl.  d.  Mr.nsch.  u.  d. 
Thicr,  Bd.  xiv. ;  Arch.  itnl.  dc  bint.,  Turin,  vol.  x. 
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cu)  be  cihtaiiieil  froia  the  gland,  it  in  true,  but  the  syuiptonm 
of  neurine  j>nLsoiiiiig  are  ilitterent.  The  active  priiiciitlc  lias  iint 
jet  been  satisfaet^irLly  iderititierl,  although  itH  Ht>lul>ilitieB  and  many 
of  ite  reactions  have  hecn  %vurked  out  by  Moore/ who  at  lii'st  thought 
it  MleDtical  with  a  powerfully  reducing  Hidtstjinee  fnuud  only  in  the 
medulla  of  the  glaiicl,  and  first  de.sfrihed  liy  Yulpiari-  The  soluhilitien 
••(this  rei^luciii^  substance  are  nearly  itlcutical  with  those  of  the  active 
phmiKigical  principle.  It  givoH  a  dark  gieen  or  hlue  enluur  with 
feme  chloride,  passing  through  purple  tu  u  dark  red  on  the  ad<lition  of 
amioimia.  or  sodLiiixn  carbouate.  With  chlorine,  lJi"oniine,  or  iodine  water, 
pertjiide  of  hy<lro<j^en,  or  alkali-s  in  the  presenee  of  oxygen,  it  gives  a 
me-ml  eoloiii%  ilisebarged  by  sulphide  {if  hydrogen  or  annnoniuni  sul* 
phidf.  It  L«i  insoluble  iii  aleohol,  etlier,  or  Ijenzene;  it  lm  soluble  in 
Hater,  alcohol  jjltis  water,  and  dilute  acids.  It  tliralyses  freely  tlu'ough 
vt^-tUble  ^uirchineiit.  It  is  not  a  proteiil,  nor  a  carliohydrate,  nor  a 
fat,  nor  \f^  it  afleeted  by  gastric  (ligestion. 

Mauaisse*  who  investigated  the  eompoj^ition  of  the  rugan  without 
auyqjeeial  reference  to  the  questitm  of  its  physiological  action  or  tlie 
work  'tf  Si.*hiifer  and  his  colleagues,  st^ites  that  a  reducing  substantte 
is  present,  similar  in  nmny  of  its  properties  to  jecorin  (see  p.  8G).  It 
iijwwever,  not  jecurin :  the  two  substances  are  alike  in  some  of  their 
jMiluhilities,  but  tfie  material  from  the  su]irarenal  does  not  reduce 
Fehling's  HoUition  until  after  prolonged  bHiUng  with  sutpluu'ic  acid; 
tlje  sugar  ftiniied  appears  to  be  dextrose,  Mo^ue  has,  however,  been  un- 
ibie  to  obtain  fruni  the  su]»rarenal  nny  KulfsUnc^c  that  reduces  Fehling  s 
solution.  If  one,  moreover,  com [ja res  the  iiercentage  {■(unpositiou  of 
Mauaaae's  uiaterjal  with  jecorin,  the  diU'erence  is  seen  to  be  striking,  as 
io  the  folluwiiig  table  :■ — 


t 
I 


Jeuokjn, 

Stlli-MTAJfrK    filOJt 
Sl  PKAHENAL8, 

Dre<:hae1. 

BaML 

>fRllM!iI!, 

c . 

r>l  -32-51  %^ 

4688-46*89 

41-43 

H. 

8-11-  8-25 

7  "81-  8-09 

7-16 

K. 

2-86 

4 '36-  4'8ie 

0-8 

8  . 

1-42-1 '47 

214-  270 

1*8 

P  , 

2-2  ^37 

2-2l»-  t>-75 

441 

Na 

2-72 

572 

•*♦ 

O. 

3oao 

1 

8.  Fmnkel*  has  also  made  an  attempt  to  identify  the  active  suhstiincc, 
but  with  no  better  success  than  IMoiue;  according  to  liim,  tlu^  material 
obtaiiiefl  hy  Manasse  is  inactive.  Nabarro"'  has  investigated  the  prt>- 
teids  of  the  organ  and  found  them  similar  to  those  of  nther  glandular 

(if*t.iirp8^  namely,  cell  globulin  and  nucleo-proteid.  They  appear  to  lie 
rically  inactive.     In  his  later  w<u'k  Moore '^  criticises  FrankeFs 

^^  Phyj'iol.  Sot!./*  London,  March  1894  {Jfjurn,  Phtf.^mL,  (Jiiriilri'li^f  uml  London, 
>:  ihiff^,  MaiTch  \S9^  (Jaunt,  Phijsioi.,  Vamhm]gc  ami  IjonUon,  v«l.  xvii,  p. 
/  <  ambriflgb  and  I^udon,  voL  xvii.  p.  230« 

'    it  se.,  Paris,  tomes  xliii.  at  id  xlv. 
jif<ii!^ny(\  t'fmm,,  Stra«wlmrp;  1S9S,  ltd,  xx,  8.  478. 
d.  BL,  1896,  Nos.  14,  15,  and  16. 

hysiol.  Soc,,''  I^ondon,  1S9&,  Jimrn..  Phy&id,^  (.'iwnljndge  and  Loudoi],  ro].  xvii, 
kijsi4>i.,  Cambridge  and  London,  1897,  voL  xxi.  p.  382, 
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methods  and  result  He  timlifi  that  ahaijlnte  alcobnl,  which  Fninkel 
used  for  extracting  he  active  8iib?{tance  from  the  gland,  uuly  fli8.'3ulveB 
it  in  traces;  and  hat  the  prciUiiiged  aetion  fif  ttloohol,  especially 
if  heat  is  employi  I,  renders  the  material  plrvHiolu^ityiUy  inactive, 
though  it  still  cut  .inues  t^j  give  the  colovir  iwirtiiuiK  enumerated 
above.  He  is  incl  led  tu  cnnsider  the  sul.mb»uice  to  he  a  derivative 
of  piperidine,  not  <  f  pjrocatechin,  as  Friinkel  BUjiposeH.  Fiperidine 
certainly  produces  p .  marked  rise  of  blood  pnissure,  like  HUpiuretial 
extract.^ 

Pancreas. — T\\\^  urgau  \%  alkaline  during  life,  and  ra|iidly  licccnncj* 
acid  after  death.  The  solids  are  like  thos^e  ut^ually  (fblaiHed  fruiji  eelhdar 
organs,  namely,  jirriteids  (for  the  plxospho-gliico-proteid  wejiai-ated  fiHUii 


the  gland  by  Hanuua 
hypoxanthine,  leiicinc 
small  proportion  of  in 

Salivary  glands, 
the  most  abundant  in 
which  passes  as  lau 
mucin.     A  small  amc 
investing  connective  ♦ 

The  kidneys. — I 
after  death  it  rapidly 

CJottwalt^  gives 
composition  of  klshiey  trnhju 

Protoids  . 
CJelatin  . 
Mucin 


Bctives  (^iianirH*,^  xaiithintf, 
lactic  nuid,  iiK»dle),  and  a 

tod  yields  proteids,  nf  which 
^ellH  a  1 8*^  rontain  nnicinogen, 
he  pan>Liil  eellH  e<jntaiii  m> 
gelatin,  obttiinal>Ie  from  the 

of  renal  tissue  is  alkaline; 
y  tlie  uiednlla.^ 
relating   to    tlie    percentage 


bhuid  :  — 


1MH5  h>  12*217  per  cent 
TTa(!tv«. 


The  followiiij^  exLrui'tives  liave  lieen  r*btaineil  by  VMriouf?  obKcrvers  : — 
xanthine,  hyj)oxjuithiiie,  ereittira.s  Uiurine,  leueine,  tTHtin,  ure^i,  uric  ocid, 
glycogen,  and  inosiLr. 

1'he  kidney  alst*  contains  a  small  jiroporlion  u\  inorganic  saU^  (0*1 
to  07,  OidtiiiainO, 

Tlir  jn'otri^h  ttf  lidttrt/  fissfitj — I1ie*se  are  very  like  the  pntteids  of 
other  glands,  and  consiHt  <if  cell  gloiadiii,  roeigukilfle  by  beat  at  Ti^"  C, 
and  a  ini(le()-pr(jteid.  Thiw  is*  far  tlie  niun«  abinidniit:  it  eoagt dates  at 
(hV  C. ;  it  may  be  ]ireparcd  by  inttitT  the  aeetie  arid  or  sodiam  elvloridc 
method.  It  contniuK  0*17  per  cent,  of  phortph<>rafi,  and  produeeni,  Hke 
other  nurle<  >-proteid.s,  intra vnsenlar  coagulation. 

The  lungs. — The  elieniie^il  e<nistitnentH  of  tliege  organs  call  f<>r  no 
special  notice.^ 

The  testis. — Cheniicidly,  lite  testis  is  lUJiiidy  eoniposod  of  jnt»teiils, 

^  This  was  sliowii  i)i«lopendpnlly  by  Tutihit^lirre,  Vmtraiht,  /.  rkijSiof.,  h(\{mf^,  1807, 
B(l.  X.  S.  777. 

2  SclionT,  yinn.  d.  dicm.,  Leip/ig,  B(i.  cxii.  S.  276. 

^  Viicliow,  rrcritlis,  and  Stadcler,  sou  Hoppc-Seylor,  "Physiol.  Chein. ,"  S.  260.  These 
suhstaiK'cs  are  |iit*soiit  in  the  fresh  organ,  and  are  not,  as  in  the  spleen,  the  result  of  putre- 
faction. 

"*  Ilatntn  irsten.  Xf.'H-hr./.  phuHinJ.  Chcni.,  Strasshurg.  Bd.  xii.  S.  163. 

^  llallil»uiton.  .hnirn,  PJn/siol.,  Cainhridgc  and  London.  1  M>2,  vol.  xiii.  p.  806. 
Liehf-nnanii  states  that  tlie  normal  reaction  of  kidnev  tissue  is  acid,  ^Irch.  f.  d.  (fcs.  Physiol.^ 
Bonn.  Bd.  1.  S.  :>:k 

"  /tschr.  f.  jtlnislnJ.  ('hem.,  Strasshurg,  Bd.  iv.  S.  431. 

"  Hallil.urton.  h>r.  rif. 

""On  Lecithin  in  Lungs  and  Sputum,"  see  Zoja,  Ga::.  )n^d.  di  Torino,  1894. 
vol.  xlv. 
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Cf  subsUmcea  allied  to  proteids ;  of  tlie  latter,  iioclein  and  nucleo- 
jtiik?id^  are  the  iiK>8t  alnindaiit. 

Afl  in  otlter  eases,  the  fresh  gland  is  alkali ite  :  ^  tht^  aL'iditv  noted  hy 
Tresldn-  was  prohahly  the  resnlt  nf  post-mortem  tdKUi^^ea.  Tlie  extract- 
ires  which  have  heen  found  ure  leucine  and  tyronine  (these  are  prohaldy 
pafit-mortem  pnxhiets):  lecithin, cholesterin, and  fat  (Treskin);  creatine;^ 
nmeite:^  a4leDine,  xanthine,  (lypoxanthine,  gnanine,  *  and  other  derivat- 
ives of  nnclein.'' 

The  salts  present  are  elnetly  ehhaides  (jf  Bodinni  ami  ]K>tasHium 
(Tr^kiiiX 

Semen. — The  uliief  rliemieal  constitnent  of  the  s|ierinatuzoa  is  nnclein 
(Miescher,  see  p.  66).  Mieseher  also  prepared  a  hase  which  he  railed 
fnktmitie,  and  to  whieh  Piecard^  aserilied  the  formula  r\^J[.,.^Ny(>,. 
ADoUier  organic  anhsUmee,  akin  to  a  pmteid,  and  eontainuig  4  per  cent. 
of  sulphur,  was  also  describeil  by  Miescher. 

KcsseH  has  examined  the  protamine  from  the  testis  of  salmon  and  fltnr- 
geons ;  he  calb  it  salmi ne  or  sturine,  according  to  its  origin.  Tie  prepared 
from  it  various  crystalline  salte,  and  a  new  hase,  C\jH„Nj{0.,,  he  terms 
histidine.  ^ 

Among  other  suhstancea  he  prei>ared  frtim  fisliea*  spermatozoa,  was  thy m in, 
tEe  ^ihstance  he  hat  I  previously  got  from  the  nucleii-  acid  of  the  thyains 
(see  p.  66). 

Lecithin,  next  to  nueletn  and  proteids,  is  the  chief  organic  stdtstanee 
in  sj>emiatuzoa-^"  Cholesterin  and  fat  are  also  fairly  ahnndant.  Miescher 
gives  the  following  percentage  for  the  salmon's  spernmtozoa :— 


Xuclein   . 

,     4G-68  per  cent 

Lecithin     . 

,     7 "47  per  cent. 

Protamiue 

.     2676      „ 

Cholesterin 

.     11-24      „ 

Ptoteids  . 

.     10-32      „ 

Fat    . 

.     4-53      „ 

Miescher  continued  to  work  at  this  suhject  (salmon's  spermatozoa) 
lh^>^ghout  his  life.  He,  however,  never  puhlislied  mucli  heyontl  his 
mrly  papers.  After  his  deiith,  Schnuedeberg  jMdjlished  an  article  ^^ 
compile^i  from  his  innnerous  notes.  This  paper  relates  tn  the  quantitat- 
ive composition  of  the  spermatozoa,  and  gives  analyses  of  the  princijial 
Sttbet&nceA  obtained  from  them,  especially  nnclein  and  ]»i'otaiaiiie.  He 
omfflders  these  are  in  chernicul  union,  thus : 

(nucleic  add)  (prohuiiine) 

Tlie  heads  of  the  sperniatozua  contain  GOT-*  per  rent  of  nucleic  acid 
and  1^*78   [Jt;r  cent  of  protamine.     The    tails   (which    are   sitluhle   in 

^  ScTtoU,  Gazz.  m€ji,'Vfi.,  Milano,  r872.  Anno  ii. 
'Afth.n  d.  fje^.  Fhim^d.,  \\inn\  B<L  v.  S.  122. 

""1,  see  Uoppe-StiyJijr,  *'Phy>iioL  (.'htrii,"  S.  773. 

I,  Kalz»  SU^unff»h.  d.  ficse/fsch.  z.  lUj'unL  tf.  tjo.  XtdurH\  :?/  Mttrhurtf,  187H, 

jr,  ZLsthr.f.  physiut.  f'/iem.,  Stnws«ljui%  ti*l.  xhl.  8.  438. 
hid.,  ]StJ6,  Ihl  %xi\,  S,  172,  1,'H8:  HodiD,  ihui.,  S.  U>1. 
fiitixk,  ch^nu  Oesellsch.j  BitHd,  Bd.  vii,  S.  HtL 

foe.  dl^)l)elieve«hiBtidinB  is  idcntiml  with  a  base  he  Iiai]  previously  obtained 
»*•  the  deoompcuntion  prrxlui  ts  nt  |»rotcid.H. 

;  8C©  Hoppe-Seylcr'a  *' Med,  Cbdirii.  UntiTfitKh./'  Ud.  ii.  S.  2iil  :  iii.  S.  105. 
ay*T.  PtUh.  u,  PharmakoL,  Leipi^i;;,  hSlH>,  Ud.  xxxvii,  S.  lOO. 
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saline  solutions)  contain,  pmteid,  41-9;  lecithin,  Ml "73;  fat  and  oholes- 
teriiij  26"27  per  cent  In  young  simrniatozoa  some  interest  attaches 
to  the  preg^ence  of  a  proteose  which  m  reganWl  a^  the  mother 
substance  of  pratainina  ProteoBo  and  protamine  hoth  ^ive  the  biuret 
reaction. 

Cliarajfs  er^stah. — These  can  be  obtiuneil  from  semen  on  evaporation.* 
Thej  are  frequently  found  in  sputum ,.  in  the  bloml,  and  in  otlier  sittia- 
tions,  in  leucocythiemia.  Schreiner  ^  eonaidered  that  they  consist  of  the 
phosphate  of  a  base  he  called  spermine,  (XH^N.     Ijidenburg  and  Abel  ^ 


Pltr.  ]^— Clmrcot'6  i-TyKtalw. 


tliOUgliL  LhcV  \vere  inc^liUcc*!  vvilli  eiiiyluiiiiiiiliu,  '.\liicii  c<tii  uc  piepdled 
artificially  from  ethylenediamine-hydrochloride.  This  identity,  however, 
is  denied  by  Majert  and  A.  Schmidt  *  and  by  Poehl.^  Poehl  gives  the 
formula  C^li,4N.^  to  the  base.  He  states  that  it  is  a  normal  constituent  of 
the  testis,  ovary,  find  blocul,  and  that,  used  as  a  drug,  it  has  a  tonic  effect. 
Ovary. — The  connective  tissue  element  is  large,  and  yields  chietiy 
gelatin  and  mucin.     Proteids  and  nuclein  are  derived  from  the  ova  and 

^  liottger,  Virchoiv's  Archiv,  Bd.  xxxii.  S.  52'). 

-  Arm.  (I.  Chan.,  Leipzig,  Bd.  cxciv.  S.  68. 

•^  Jkr.  d.  (Initsch.  ch<m.  (ksclhcli.,  Berlin,  Bd.  xxi.  S.  758. 

^  (Joinpt.  rend.  Acad.  d.  sc,  Paris,  tome  ex  v. 
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^  cells  present.  The  crjrpnra  hitea  are  colrjiirtHl  \\y  luteiiu  This  is  a 
fipodiKime  (see  p.  20).  ThiuUiJium  *  waR  the  firBt  t<i  jjoint  nut  tliat  it 
ildjstijict  from  hiviaaifiidiii,  whicli  is  alsn  ^^eiRTally  ]Hi.\seiiL 

The  coii8titiietits  nf  e^^gw  are  descrihed  with  the  varimiH  proteidn, 
ftc^  of  which  they  are  marie  up. 

Muscle. 

Skeletal  znueole. — A  muacle  contains,  befiideH  the  muRcular  tilircR, 
fopp»rting  coimective  tisfine  with  fat.  EacJi  fihre  cunHiKtB  of  two  |>artfi, 
Uie  sheath  or  Barcfileinuia,  and  tlie  eimtraL'tih?  HubBt^xiiee  wliich  it 
eoelosea.  The  sarctilcinina  rcBenddes  elantin  very  closely  in  its 
fiolubtlitiea^ 

The  contractile  suhatance  ia  rif  soft  consisteney,  and  contains  a  lai'ge 
percentage  of  |ir(»tcids,  and  smaller  ([uantities  rif  variraiH  extractives  an<l 
aalt&  By  tlie  use  of  a  press  a  jmce  can  he  squeezed  out  of  perfectly 
freeh  muscles,  which  is  called  the  jn^m-Ie  pla.wia.  Like  Idood  plasma, 
ihii?  coagulates,  and  the  proteitl  tdot  is  called  mj/oHin  ;  this  occurring 
within  the  Inidy  after  death  is  the  cause  of  rigor  inurtis, 

Iiviu)j  njuscle  is  alkaline;  hut  after  extreme  activity,  and  after 
denth,  the  reactir^n  l>eeonies  acid  :  tliis  is  due  in  part  tn  the  development 
of  sarcolactic  acid. 

The  percentage  of  water  in  muscle  varies  in  diflcrcut  animals:^ — - 

Birds        .     70  to  76  per  cent 
Amphibians  76  „  80      „ 
Fishes      .     79  ,,  82      „ 
Crab        ,     85 
Pecten      .     79  „  80      „ 

In  young  animals,  and  duriii^  inanition,  tlic  j>ercenta^fc  of  water  is 
greater. 

Human  muscle  has  the  following  average  i>ercentage  composition : — 

Water 

Solids      ..,,.... 
Proteids,  including  sa  reel  em  ma,  jtruteitls  nf  con- 
nective tissucj  vessels,  and  pigments 

Gelatin    .         » 

Fat 

Extractives  (creatine,  lactic  ncid,  glyccgen,  etc.) 
Inorganic  salts  ...... 


Man 

.     72 

to  74 

per  cent. 

Ox  . 

.     77 

» 

Pig- 

.     78 

»t 

C»t. 

.     75 

tf 

Fox. 

.     74 

ti 

7^'f>  per  cent. 

2B-5 

»i 

1802 

1-99 

9.07 

0-22 

ri"12 

This  may  be  compared  with  the  muscle  (*f  a  mulhi.sc  (Prfirn):* — 

Water 79-60  to  80 '25  per  cent. 

Solids       . 

Proteids  ,         .         .         .         . 

»gen.         .... 

jciue         ,         .         ,         . 

fe&]  extractives  . 
lie  salts .... 

rf.  mctL   WifumtAch.,  Ik-iliu,  1869,  Bd.  viL  S.  1. 
kr./  Bhl.,  Moncheti,  \V\.  xxvi.  H.  1. 
,  **  Chimin.  (Ill  CevvelKs"  I^ijwi^^  aiKl  llriilrll.crg,   IR.Ofi,  S.  1C^;  Goriip- 
(th,"  1878,  S.  676;  IIop(M*-S«>ylcr,  ''Physiol.  Clirni.p"H.  036. 

Ann.  d,  Vhevi,,  Leipxij^,  Jkl.  clxxviii.  8.'2<J6. 


20'40 

19-75 

15-fi8 

1.5-04 

i>-43 

1-08 

0-71 

0-39 

0-33 

0-24 

1-26 

1-22 
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Mii3cle  coiiairte 
aasimiklile  uf  the 
of  nitrot^eiL  In  1( 
iiisDluble  ui  water, 
iveB,^  In  adclition 
muacle,  the  Heah  \\^ 
fat,  even  though  all 
the  amount  of  fat, 
snhjected  to  artifici 
yieldn  au  additional 


jd  as  meat  is  the  most  coneeutmted  and  moRt  easily 
nimal  nitrogenous  fori  da  It  fnrin^  \\\\v  chief  soiirna 
parts  of  nitro^^en  fr*Hn  beef,  774  cruue  friun  proteid 
[0  08  from  goluhle  proteid,  and  12"5li  from  extract- 
;0  the  proteids,  extractives,  and  salts  euiifcained  in 
m1  as  food  eontaiiis  a  eei'tain  variahle  percentage  of 
mihle  adipose  tiBBue  i^  eleaned  oHl  In  estimating 
Dornieyer^  recommeiidfi  that  the  meat  nlundd  be 
I  digestion  before  extraction  with  ether :  llesh  then 
375  per  eent,  of  fat.  | 


The  following  table  ^  gives  the  eliief  Kubstant'es  in  some  of  the  principal 
meats  used  as  food  :— 


C^Qitanisbti. 


Water     . 

SoUda      . 

Proteitla  aiifl  gfkHn 

Fat 


rig. 

72*0 
27  4 

6     I       0-6 

3     I       V\ 


EoMe. 

Fof^I 

I'lke. 

74-3 

70  8 

n%     j 

a5'7 

20-2 

20-7 

21 -6 

22-7 

18-3 

2I» 

1*1 

07 

O'tJ 

1*3 

on* 

ro 

11 

0-a 

The  flesh  of  young  animals  is  richer  in  gelatin  than  that  of  old  ones; 
thus  1000  parts  of  beef  yield  6^  of  veal  50j  parts  of  gelatin  (IJeblg). 

Meat  contains  four  times  the  amount  of  proteid  present  in  an  equal 
weight  of  milk. 

The  prrn-eBs  of  cor>kiiig  meat  (after  it  has  iM^en  kept  to  allow  rhj^jtr 
morik  to  jia.'^H  oH')  renders  the  investin^^  coimeetive  tissues  looser, 
separates  the  mnscular  tibres,  and  deB troys  jKiraaitie  ^owths.  T!ie 
muscular  fibres  themselves,  eBpecially  if  boiled,  are  rendered  more 
dilhtMdt  iif  dit^e8tion. 

'The  Ntit-^f'lr  jtla.vna  and  the  mmtie  /spnim. — Kiihne^  was  the  fii-st  to 
obtain  muscle  ]ihisma;  he  u^eil  fro^s^  nmscle.  The  fresh  blood-free 
muscle  is  frozen  ami  subjected  tn  strong  preasure,  the  ex|jres,<^tl  iluid 
(nuiscle  ]ilasma)  is  filtered^  it  m  ioimd  to  he  syrupy  in  consistence,  and 
faintly  alkaline.  As  the  temperature  of  the  iilasma  rises  to  tliat  nf  tlie 
air,  it  clots,  and  the  inyosiii,  nu  fru^med,  contracts  to  a  slight  extent, 
squeezing,'  tait  fiUff^'lf  srrftw.     Kidme  found  this  laltt^r  thiid  in  cnutain— 

(I)  A  proteid  coagulating  at  45°  C;  {2)  an  alkali  albumin  ;^  K^)  ^ 
small  ([uantity  of  allnnnin;  (4)  extractives  and  salts. 

A  <j;ood  many  years  later,  I  was  successful  in  repeating  these  ex- 
periments witli  mammalian  muscle,^  and  showed,  moreover,  that  not  only 

^  Salkowski,  CnUmlhl.  f.  d.  mcd.   Wissmsch.,  licrlin,  1801. 

2  Arch.  f.  d.  gcs.  rh>/siuL,  Bonn.  ISO'.,  IM.  Ixi.  S.  341  ;  1S96,  Bd.  Ixv.  S.  90;  Schulze, 
Hid.,  S.  299  ;  1897,  B.l".  Ixxii.  S.  14r.. 

3  Muiik's  "Pliysiolo^Mo,"  AuH.  4,  S.  280. 

^  "  Loliibuch  (1.  {)liysiol.  Cheiii.,"  S.  272;   "  Untcrsucli.  ii.  das  riotoplasnia,"  Leipzig, 
1864. 

•''  Tlio  natural  alkali  allniniins  described  l»y  older  workors  arc  no  doubt  all  globulins. 
'•  llallilturton,  Journ.  Physiol.^  Canil>ri<l*;e  and  London,  vol.  viii.  pp.  133-202. 
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ikictoold  prevent  the  coagulation  of  muscle  pksrjia,  liut,  as  in  the  case  of 
hb»d  plafinia,  admixture  with  sohitions  of  neutral  salts  lins  the  same 
dfcct  Aildition  of  water  to  the  salted  muscle  ]>Iasina  brings  about 
eoigdAtion  (an  acid  reaetioM  making  its  appearance  aiuiultaneotit^lj), 
€^ecmlly  at  40*  C,  and  still  more  rapitlly  if  solution  of  ''  myosin 
fcmeiit"  is  added.  Tbe  myosin  ferment  was  prejiaretl  from  muscle 
in  the  same  way  as  fibrin  fernu*nt  from  hltjod  serum. 

Saline  extracts  of  inusele  which  has  urulergLUie  rigor  mortis,  re.seuihle 
salted  muscle  plasma  very  closely :  after  dilutioti  they  undergo  coagula- 
CiDii;  this  loay  be  a  re-coagulation  of  the  redi.ssolved  mycmin,  fur  the 
acidity  of  the  saline  extract  jh  increased  by  re -coagu latino.  Home 
ol«en'ers,  however,  reganl  this  pbciNuiienou  not  as  a  true  re-coagulation, 
tmt&sa  simple  pre<:ipitiition  of  tlic  myosin  by  dibitioit  witli  water. 

ilj<isin  may  be  most  readily  extracted  from  muscle  l»y  means  of 
Affliuooium  chloride  solution,  anil  may  be  juecipiULtcd  in  a  gelatinoiia 
form  hv  dialyaing  away  tlie  salt,*  Elementjtrv  analysis-  gives  the 
foUowiiig  results  i-C,  52-79;  H,  7'12;  N,  lG*8<j;  S.  l^Uii;  O,  221)7. 

Recent  research  has  sliowu  that  calcium  mlts  are  essential  for  the 
€flective  coagulation  of  milk  and  blood  Tlie  facts  are  not  so  positive 
01  the  case  of  muscle,  but  there  is  some  evidence  pointing  to  tlie 
fidBlence  of  an  analogy  in  the  tlnee  cases. ^^ 

By  fractional  heat  fTiagulution,  and  by  tlieir  varying  solid liliLies  in 
fiiiTerent  salts,  I  was  able  to  seiarate  four  diderent  proteids  in  the 
muficle  plasimi. 

(1)  A  globulin  precipitahle  by  heat  at  47"  C.  This  is  analogous  to 
the  cell  globvdin  foimd  in  most  iirott>pUismic  structures.  It  is  termed 
wmttalin  by  Ilammarsten.     I  gave  it  the  name  pumitiipmnofjai. 

(2)  A  globulin  pTeci]titate<l  by  heat  at  r**]"*  (A  This  is  the  pr(»teid 
which  ia  especially  actetl  on  liy  the  myo.sin  ferment,  and  is  converted 
into  myosin.  I  termed  it  wyminouen:  Ijoth  it  and  [laramyosinogcn 
eoDtribute  to  the  muscle  clot. 

(3)  A  third  gloliulin  precipitiited  at  0.'^  C.  (mfjtff/Iohtflht)  is  con- 
t&ineii  in  the  muscle  serum, 

(4)  Small  ipiantities  of  an  allrumin  (tifffoftnufwin),  -similar  in  it« 
projierties  to  serum  albmnin,  are  also  present. 

In  addition  in  this,  in  the  wise  of  red  nnisclcs,  there  is  bo-moglobin ; 
and  if  the  muscle  has  been  ke^it  warm,  and  acidity  develt^jicil,  small 
quantities  of  proteoses  ami  )je]it(uje,  which  iire  formed  l>y  a  process  of 
aelfnligestion.  Brucke  showed,  many  years  ago,  that  muscle  contains 
■nail  fjnantities  of  pepsin,  doubtlens  abstu"be<l  from  the  gastric  nmcous 
membrane;  this  becomes  active  on  the  onset  of  acidity.  The  action  of 
•Qch  a  ferment  within  the  body  will  ]»crfiaps  explain  the  ]ihenoiuenmi 
oaUetl  the  tUmppmranre  of  rir/m-  morlLH:  it  is  unnecessary  to  sup]iose 
lliat  this  is  always  doe  to  putrefactive  organisms,^  since  rigor  often  dis- 
"^  before  putrefaction  sets  in.     Perfectly  fresh  muscle  contains  no 

or  peptone,^ 

i  also  investigated  the  question  whether  niyo.sin  m-  its  jirecurpors  are 

CMttondeu,  Ztsthr,/.  Biol.,  Mimclari,  M.  xxv.  S.  3:i8. 

,  ibid,     Soe  also  mud.  Lak   Physhl,   t%:m.,   Nuw  Haven,  1SS9,   vol.  iii. 

•w.  Phynol.^  CumbrUige  ami  London,  vol,  xvii.  |»,  293  ;  otlicr  rivfiroiices  will 
paper. 

rt,  /Yoc.  Phytiol,  Soe,^  Ijomlon,  1887.  p.  xxv. 
Joum,  Pktfsioi.t  Ciinbri*lge  and  London,  1894,  vol.  \vi,  p,  487, 
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of  the  nature  of  nucle  i-j>roteids.  He  foutid  thiit  they  are  not  He  wa-s  intleed 
able  to  obtain  no  nucl  ^o-proteid  at  all  from  miiscic.  Pekelharing  ^  has  taken 
up  the  latter  question  and  by  an  improved  method  diiJcoveiDd  that  muscular 
tissue  does  contain  a  imali  itmonnt  of  nuclcoproteid.  He  puinta  out  that  on 
gastric  digestion  smiii  qnantiti<3«  of  nuelein  are  sokiblL^  if  the  araouut  of 
hydrochloric  acid  pres  :nt  exceeds  O'l  per  cent,  WJiitfield  u.^ed  water  as  an  ex- 
tracting agent  for  any  poHi^iljle  nuclcMi-proteiiL  Pekelharing  j>oint8  otit  th^it  the 
water  will  soon  become  aeid  from  ^rcolaetic  acid^  and  uses  dilute  (015  ]jere4^nt.) 
sodium  carbonate  solu  ion  instead.  From  such  an  extraet  the  iiucleoproteid 
can  be  precipitated  by  acetic  acid.  From  543  grnis.  of  fleah  he  obtained  2  ^rrms, 
of  nucleo-proteid.  This  substance  prcHluces  intravascular  clotting,  jind  contains 
0*7  of  phosphorus.  The  nudein  BjOit  olf  from  it  contains  3*5  per  rent,  of 
phosphorus,  and  on  deeomrmBition  vields  alloxuric  hase^^Sj  eF^pecidly  xanthine 
and  guanine.    Hy  pox  ant  nvt  found.     Kossel  -  also  failed 

to  get  adenine  from  muj9 

An  important  reap 
l)een  published  by  v. 
muscles  by  extraebij 
extract  coagulates  sp, 
myogen  fibrin  or  myitsi 
duces  to  three,  narardi 
ten  I ;  myosiuogen  or  ii 

My  work  is  con  fir  j 
proteids  in  the  musi-ii'  pja 
enter  into  the  formnlimi  o;   v 


I 


%  and  its  proteids  has  lately 
the  lihiBina  frrun  bltHwl-free 
i^ieal  fcialine  solution,  Tliis 
itk^d  jtroteid  fuiJiied  lie  rails 
s  in  the  uui. sole  phisnm  hu  re- 
)  22  per  rent,  of  tlie  totftl  pre  h 
iL,  and  traeeB  of  an  albmnin.* 
,  namely,  that  there  are  two 
^<minogen  and  myosinugen,  which 
.e  clot:  the  action  of  a  .specific 
ferment  to  bring  alund  tliis  cliange  wn?^  not  f^pecially  invcHtigiitetl.  The 
principal  new  fact  made  out  is,  t!iat  paramy<>sinngt!Ti  passes  into  the 
condition  of  myosin  fibrin  directly;  whilst  in  the  passage  of  niyosinogeu 
into  tlie  state  of  myogen  fibrin,  there  is  an  intermediate  soluble  stage 
coagulable  by  lieat,  ;)t  tlie  remarkably  low  temjieratuie  of  40"*  (.'.* 

Paramyosinogen  is  described  as  a  tyjacnl  globulin,  and  is  regarded  ns 
identical  with  Kiihne'i?  myosin  which  be  obtained  by  dropping  mu.sfde  pliisma 
into  water.  ^Myosinogeii  is  deserihed  ii%  ilifTering  from  a  globulin  in  some 
particulars,  and  is  spnken  of  as  a  ]irf>teid  »m  tjenp.nH.  Myoglobulin  is  not 
regarded  as  a  separate  jni^teidj  hut  as  part  of  the  inyosinogcn  whieh  has 
escaped  coagulation.  I'lie  pheminienon  regurded  hy  Chittenden  and  myself  as 
re-coai^'ulation  of  niyr)^in  h  considered  to  lie  a  s^imjde  re'prR(!i]>italion  of  globulin. 
Whitfield's  work  on  tlie  absenee  of  pejitones  and  proteoses  ins  eonliniieti 

The  muscle  plasma  frem  fisJieH'  and  onihs'  mn.^cle  contains  another  jiroteLd, 
called  wyo-proieid.  It  give-^  the  usual  ]irotcid  reaetionK,  and  i«  readily  digested 
by  gastric  juice ;  th^jnc^di  precipitated  hy  n  renifivid  of  tiie  «alLs  hy  dialysis,  it 
is  not  coagulable  by  liMt.  It  is  pree.ipitablp  by  aef^tie  acid,  but  is  neither  a 
mucin  nor  a  nucleo-jiroteid. 

In  his  second  pajier,  v.  Furth   treats  of   (1)  the  properties  (solubilities, 

'  Zhchr.f.  }>1ufsi<,I.  ('hem.,  Stra.ssbiirg,  1896,  Bd.  xxii.  S.  245. 

'  Jhid.,  188«;,  H(J.  X.  S.  248. 

'•^  Arc/i.  f.  r.rprr.  Path.  u.  PharmalnL,  \A\y/Mj„  1805,  Rd.  xxxvi.  S.  231;  also  Hid., 
189t),  15(1.  xxxvii.  S.  3S1>. 

*  J.  H.  iMilroy  {Arch./.  lfii(j.,  Miinohen  u.  Leipzig',  1890.  Bd.  xxv.  8.  154)  has  also  made 
quantitative  cstimatioii.s  of  tlie  various  muscle  j)roteids  roagulal)l<'  at  diirereiit  teniperatuies. 

•''  If  the  read*'!"  refers  io  iny  memoir  on  "Musele  Plasma,"  he  will  find,  on  p.  18(5,  that  I 
accidentally  noted  tliis  fact,  tliough  I  failed  to  appreciate  its  meaning.  \\\  frogs'  muscle 
plasma  tlicie  is  a  consideraMe  amount  of  this  solulde  myogen  hbriu  in  a  "preformed" 
condition  (v.  Furth).  The  separation  of  the  Tiiuscle  proteids  ity  fractional  lieat  coagulation 
fits  in  exactly  with  lirodie  and  Kichaitlson's  work  on  heat  rigor  ;  as  the  temperature  of  a 
muscle  is  raiserl.  successive  shortenings  occur  at  the  coagulation  temperature  of  cacli 
proteid  {I'roc.  J!oif.  ,S'oc.  London,  1897,  vol.  ]xi.  ]>.  77). 
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fllfedof  numerous  reagenUs,  etc.)  of  niyu^inor^^en  and  paramyosinogen;  (2)  llii^ 
oflneaee  af  blood  serum  in  hindering  the*  eoa^'iilation  of  the  muHcle  plasnii  j 
vA  (3)  the  action  of  various  chemical  substances  on  living  mutsele. 

luToluntari/  mitsclc, — Our  cbeinic^^il  knowledge  of  iiivuluiitury  muscle 
is  of  a  fragmeiilary  nature.  Like  voluntary  inimele,  the  heart  becriines 
mpidly  rigitl  after  death,  and  siimdtiiiieouHly  acid,^  from  tlie  formatiun  of 
auixilactie  acid.  Pnitli  pamniyoHino^en  and  inytwinogen  are  present  in 
the  mufit^le  celLs  uf  the  heart,  and  uiyumn  is  the  re.siilL  uf  enaf^ulation. 
In  the  sUiuiach  and  utervus,  rij^o«r  lias  been  observed,  hut  in  other  forms 
of  plain  uiiiBele  it  ia  dillit-nlt  tn  recognise.  A  pn^teid  eoagulating  at 
56"  C,  has  l>eeu  obtiiined  from  all  kinds  of  uuHtriijed  nnistde.  lu  a 
miiaciiLir  tinnonr  of  the  uterus,  Kossel  -  fouml  the  one  coagulating  at 
io   C.  ^jiaraniyosinogen)  to  be  absentu 

Tlie  reaction  of  unstriped  muscle  is  normally  alkaline.^  Lehmann  * 
futmJ  Bnuill  cjuantities  of  lactic  acid  in  the  muscidar  sulistance  of  the 
stomach  after  death.  There  ih,  however,  no  marked  cliange  in  the 
reaction  after  death,  as  in  striated  ninsele.  I)n  l^ois-Keymtmd^*  observed 
m  the  stomacli  and  intestines  of  birds  that  after  death  the  innscular 
walk  were  still  alkaline. 

MyoJurmaliu. — Th«nigh  lucnmglobin  in  the  pigment  of  the  red 
muiscles,  MacMiirni'^  considers  that  the  speeilic  ]»ignient  of  ordinary 
mtiscle  is  ijiy«4ia'matin,  one  of  the  jnost  widely  distributed  of  the  cohun- 
ing  mattex*B  which  he  has  tlescribed  under  the  name  hisiohomttfius.  The 
liistoha'Uiatins  liave  only  been  <jljserved  by  the  Hpe(*tritseo}»e ;  they  have 
not  been  separated  out  by  ehemieal  processes.  They  often  occur  in 
iniuials  that  jMJSse^s  no  lncmogh»bin.  As  tliey  undergo  ehangeH  in  their 
absorption  bands,  by  oxygenation  ami  reduction,  it  is  believed  that  they 
are  respiratory  in  functic»n.  The  spectrum  of  these  Hubstances  is  st^nje- 
wbat  like  that  of  ha^nmchromogen ;  arnl  Levy,  working  under  Hoppe- 
SeylerJ  has  gone  so  far  as  to  say  that  myolueniatin  m  h:cmochromogen 
produced  by  the  methods  UKetl  tn  render  the  nuiscle  transparent.  Tlie 
reseniblaiiee  is  not  absolute,  but  is  specially  (dose  in  what  AIacM\nm  calls 
mo*iitied  inyoba^iuatin.  Tins  is  prodiKx'd  by  iirtilicial  gastric  digcstitui ; 
or  it  can  beobtJiined  in  the  following  way: — The  muscle  is  ehoj>pcd  linely 
and  e*)vered  with  ettier  for  some  days.  A  yellow  lipocbronie  durive<t  fnan 
the  fat  between  tlie  muwular  tibres^  jmsses  Into  s(dution,  and  below  this 
floats  a  retl  juice,  which  on  filtration  gives  the  s])ectruni  in  question. 

L'ntii  myoluematin  and  tlie  other  histohnniatiiis  are  examined 
by  methtMls  other  than  speetroscojiie,  it  is  inijHJSsible  to  |>ronounee 
positive^  on  the  jMiint  of  dispute  between  ^Iiu  Mimn  and  Ixny.  The 
fact  that  ill  the  last  experiment  desdihed,  tin'  muscles,  even  if  they  are 
full  of  blood,  yield  no  longer  any  ba^nmglobin,  jiniiitn  to  hainoglobin 
ad  the  source  of  the  myoh;cmatin ;  whether  tins  substance  can  be  pro- 
duee^l  in  the  nmscles  intra  ritnm  must  be  left  to  the  future  to  decide.® 

The  extractives  of  muscle. — These  arc^ — (ft)  A'th'ifffritoH.Sj  mimely, 

[Bomttau.  Ztschnf.  pfttmoL  atem.,  Stra*al>ui>c,  IM.  xviii.  S.  r>Ki. 
ted  by  Hop|i€-Seyler,  "  PlivsioL  Chem.,*'  S.  *j69. 

iirteiu  (Kiiliiie's  *'Lelirbvicli,"  S.  332)   fouml  the  ttctivi^ly  OHmtnutin^'  inuscleH  of 
•cid.  ^  *^Lt'hrbii.h,"  li-l.  iLL  S.  73. 

\ttUh.  d,  k.  pttuxt.  Akad.  tl,   U'iii3Cii3rh.  tu  Bfttiit,  IN 50,  .S.  4\'2, 
'.  TranM,^  l^udon,  ]886  ;  Jinint.  I'hjtuhL^  Cftinlniil^o-  jiinl  Lomiuii,  vol.  vii. 

f.phimol.  t7t#7«,,8lras»biir|i;,n{l.  xiii.   MacMiiiui  snplyis  m\\\v  Hijtiy  vol.,  S.  497. 
arton,  Joum,  Fh^aio/.,  Cambridge  and  Londofi,  voL  vii.  p.  32ra. 
iwiTiw  {Nord.  med.  Ark.,  Stockholm,  Ft'StlKitnl,  lHV»7)Htiit*-',^  that  iimsrle  ]>i^ijeiit  is 
•in  which  spectroeeoiHcally  sliuws  Mli^ht  ililFi'it^iKi-'H  from  llut  obt^kiiu'd  from  blood. 
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V\v..  i:i.  — Ciiiitiiie  crystuls.-  Aft<.T  Kiilme. 


creatine,  creatinine,  xanthine,  hypoxanthine,  camine,  ciiniic  acid,  uric 
acid,  urea,  taurine,  and  inofiinic  acid,  {li)  Non-nUror/enoufi,  namely,  fats, 
glycogen,  inosite,  dextrose,  and  lactic  acids. 

Creatine    and    rreatinini\ — Creatine   can    l)e*  crysttdlised    out    by 

evaporating  aqueous  extmcts 
of  meat  from  which  proteids 
and  salts  have  been  previously 
removed;  on  heating  it  with 
mineral  acids  it  is  converted 
into  creatinine.  Tlie  relation- 
ship of  tliese  two  subst^inces 
is  shown  by  the  following 
e(  J  nation  : — 

(creatine)  (creatinine) 

According  to  Voit,^  the 
([uantity  of  creatine  in  the 
voluntary  muscles  varies  from 
0-2  to  0?)  per  cent.  This 
increases     during     starvation.- 

ruvoluntary  (c.irdiac  and  plain)  contains  less  than  voluntary  muscle.*^ 
Till'  compound  with  /inc  chlfa'ide  which  creatinine  forms  (Fig.  15)  has 

b(MMi  gcMicially  used  for  isolating  it  from  urine,  and  other  ])laces  where  it 

(occurs.  My  own  experience  with 
this  method  has  shown  that  for 
(piantitative  i)ur]>oses  it  is  most 
uncertain;  and  this  no  doubt  ac- 
(M)unts  for  the  dillcrent  r(\sults 
obtained  by  (HHcrent  observers. 
Thus  Xeubauer  denies  thtu'xist- 
cnce  of  crcatininii  in  muscle 
altogether;  Voit,  Sarokin,"*  and 
Monari"'  s.iy  that  it  increases 
during  muscular  acti\  ity,  while 
Xawiocki  *'  stjites  lh.it  it  does 
not.  Much  more  certain  results 
.ire  ohiained  by  the  use  of  (1.  S. 
.b)hns(»n's  mr^tliod,  in  which  lie 
]»reci]»ilales  the  creatinine  as  ,1 
cnni]Kiund  of  mercury.^  'i'his 
metlM»d,  \\liicli  has  I'eceiM'd  the* 
ircniiiiiicndation  of  TI»»])]jc-Scyler,*  ni.iy  be  used  to  identify 
when   it    is   ])i'csent    in  \'e]-v  small   (piantit ies.  as  in  the  bhuul.-' 


>^^> 


rin.    li. 

powerful 
crcalinin< 
The  mjer 


>t.Ml.s 


Alt«i  Kiiliiii-. 
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I).!,.,il;t. 
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T/fE  EXTRACTIVES  OF  MUSCLE, 


i\m  laeuns  JmIiiih<ju  slitiwetl  that  creatiiiiiie  (a  dilTerent  ereatiiiiiie  frnm 
unnary  creatinine)  ta  niure  ahuudaHt  in  iTiUKcltf  than  creatine,  whieh 
IS  asually  alin*>«t  entirely  aljsent.  This  uriexiiected  result  1ms  lieeti 
conHrmed  by  Kenimerich.^  Creatimne  m  readily  clianged  into  creatine 
by  the  action  of  |>ntrefaelive  niicro-orj^aiiisniB. 

Jinnlhorrrft/inim  (C.^Hj^N^O),  crnsoerfatmhi^'  {i\^J\ ^0),  ampkkrat' 
/iV  (CpHi,>N;Oj),  and  p^vikxmnihim'  (C|H,N,,0)  are  leueiauaincs  stated 
by  (Tautier*  to  he  present  in  small  qnantiticR 

XatUhim%  hypoxanihinc,  and  nrie  (witi  are  ftauid  in  small  qiiuntities 
oiJy;  the  numberB  given  are  as  follows : — xanthine,  U002tj  per  cent. ;^ 
hypoxanthine,  0022-0'D26;*  uric  aeiih  traeet^.^  Uric  acid  m  more 
abundant  in  tlie  nniscles  of  reptilea  (alligators).  Tlie  eryrtUdline  forms 
of  some  «if  the  cnHip<nindB  of  xanthine 
and  hyjK»xantfune  are  ;;ivcn  in  Fig.  17. 

Cam  in  f  m  a  ervst-alUne  liase 
((IH.N.O^+HaO),  iui^nnally  fnund  hy 
Weidel*  in  large  quantities  (1  per 
cenL)  ill  ^Imerican  meat  extracts,  hut 
since  found  in  tlie  flesh  of  many 
amuiiils,^  It  is  prnbahly  closely  re- 
lated to  tlie  raendjers  of  the  uric  acid 
group  jimt  mentifined, 

Urta. — It  is  generally  state<l  that 
nni»cle  contivins  little  <jr  no  urea. 
This  st>atement  is  eliielly  due  to  the 
fact  that  it  was  until  rei-eiitly  a 
matter  of  difticulty  ti»  separate 
urea,  wlien  only  present  in  small 
quantities,  from  other  nitrogenous  bases.  In  smne  nnimals,  however, 
the  mm^eular  tissue  contains  a  fairly  lur^e  nmniHit  itf  urea.  This  is 
the  case  with  the  muscles  of  artluopnds.^  Stadeler  ant!  Frerielis^ 
were  the  first  to  discrtver  that  the  urgans.  inclnding  th*'  muscles, 
of  Selachian  fishes  are  rich  in  urea.  Tliis  was  enufivmcd  in  the  case 
of  Selachian  embryos  by  Krukenberg,^^  and  mure  recently  in  the 
adult  aaimals  by  Schriider.^^  In  t\vf>  vitrieties  ui  dng-lish,  the 
mean  jiereentiige  of  urea  in  the  blood  was  2  01,  in  nuiscle  IDo,  and 
in  liver  1*36.  Schncder  explains  this  by  the  bict  that  tlie  kidneys  are 
sluggifih  in  t!iese  animals.  lly  a  new  method,  SchcindorlP"  has  been 
able  to  sati.Hfactorily  estalilijHh  the  existence  (if  a  .small  qnuntity  of 
urea  in  the  muscles  of    maumials;  Kaufmann '^'  gives  tlie    ]ierceiilage 


Klu.  irn 


i'rt'rttiiu  /.ijic  1  fjloridc  crystaLn. 
AUtr  Km  lint-. 


'  Keniiucrid),  ZM*T,f,  jihijuoL  Cftrm.,  Stmsslmr^,  ls!i  1,  IM.  xviii.  S,  -Ull*. 
^  Jfthrf%h.  u.  ft  Fortichr,  ti.  TkkrChrm.^  Wit'!*l>a«i(]ii,  \M.  \xii.  S.  3^5, 

*  Scherrr,  Ann.  d.  *Vi^m,,  Lei|»/Jg,  Hd.  cvij.  S.  ;n4. 
^Htlib«a«r,  ^tuchr,  f,  amiL  Chan.,  Wlesl'mleit,  liil.  vi   S,  ;j:j. 
^MdMtier,  Ztickr.f.  raL  Mfd.,  Lpiiizi^',  BJ.  xxxL  \*.  1 11. 

*  Ann,  d.  Chfnu,  Leipzij;,  B^l.  clviii.  S.  353, 

'  Knikenljcrg  an*l  Wagiu?!',  SUzungah.  d,  pfujA.-m€fL  Of^Usrh.  lu  irunhurg^  1SS3,  No.  4. 
J'lhrfsh.  «i.  d,  Forfsehr.  d.  IhierCh^m.,  Wips^mieii,  !t«i,  xi.  S.  ^40. 
ukiTil^erg,  Utd^rstHch.  a.  d.  physioL  ItisL  d.   Uair,  J/ci>Mb<'}fjff  1S81,   H<L  iv.  S.  33  j 
icJi.  physiol.  Vorti-Jigp,"  188ti,  S.  313. 

Tti./.  prak'L  Chrm.,  I^ipsdg,  1858.  ih).  Ixxiil.  S.  48  ;  ibid.,  UJ.  Ixxvi.  8.  68, 
t»  prj^leirh.  pliysiol.  Vortrnge/'  1886,  H.  314. 

^•■^'r,  f,  physiid.   Vhrm.t  Strjisftlm rg»  181+0,  tlil.  xiv.  H.  .'"7'*;    KriikiiilMir^,  Cetifniibl. 
V.    irissetiseh..  Berlin,  is 87,  Nf>.  'It*. 

^.d,  fits. Phif$ioL , BonTi,l.Hi>,x n4.hii.W..332,   Fnrtlie  ni<4ho<k-mrlyyiit,sce //j/^/, ,S.K 
d*:  physifd.  fwrm.  d  ptith  ,  i'aiiH,  B6i\  5,  tuniu  vi. 
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as  0-027  tti  0*07.  On  the  other  hand,  it  must  lie  stiitetl  thiit  mwAi 
an  experienced  chemist  as  Nencki  ^  is  still  unable  tu  discijver  any 
urea  in  muscle. 

Taurine  '\%  found  in  the  uiniseles  of  hoFBen,  iifihes,  and  moll  uses.  In 
fishes  Limprielit^  fi)nnd  I'OG  per  cent. 

Glycocine  in  found  to  the  extent  of  0*39  ttJ  0*71  i>er  cent,  in  the  non- 
striated  mnecleg  of  molluscs.* 

Protic  acid  m  an  acid  of  doubtful  natiu*e,  described  by  Limpricht  in 
fishes*  miiseles, 

Iiiosinic   acid    (CjoHhNiOj,)    was    first    descril.>ed    Ijy   Liebig,  and 


Fffj.  16. — Spherical  coiupouinl  of  mercury  and  creatine. — 
After  G.  S.  Johnson. 

estimated  (0005  to  002  per  cent.)  l)y  Creite.*  According  to  Fninkel,^ 
it  is  closely  reLited  to  carnic  acid,  to  l)e  immediately  de8cril)ed. 

LrrHliin  jind  its  decomposition  products  are  present  in  small 
quantities,  and  are  probably  derived  from  the  nerves  supplying  the 
nniscle.^     Small  ([iiantities  of  cholesterin  are  found  as  well. 

Carnic  arid  {Flci^hmurc)  is  the  name  given  by  Siegfried^  to  a  con- 
stituent of  muscle,  the  discovery  of  which  is  of  great  importance.  He 
first  prej)aiv(l  it  from  muscle  extracts  by  means  of  ferric  chloride;  the 
com]M)uii(l  so  ()btaine<l  is  called  camifrrrin  ;  this  contains  })hosphorus  as 


'  Nencki  and  Kowaski,  Arclt.  f.  c.rj^rr.  J'f/fh.  if.  J']inrm"lf>L,  L«'ij»zig,  1S0.'>,  Bd.  xxxvi. 
S.  30.^1. 

-'  Ann.  d.  C/imi..  L('i|i/i;r,  Hd.  cxxvii.  S.  IS.'*  ;  cxxxiii.  S.  'M\0. 

■'•  ("hittciidon,  ibi'i,  ]U\.  clxxviii.  S.  2f)(). 

*  Zfsrirr.  /.  rnt.  Mnl.,  Lcip/i^^,  lid.  xxxvi.  S.  19'.. 

^  "  Zur  Kenntniss  d»-i-  /('rfall]>roducto  des  Kiwcisses,*'  Wicn,  ISOG. 

^  Hoppc-SeyliT,  "Physiol.  Chcni.,"  S.  047. 

"  Bcr.  d.  daUsch.  rhr'm.  Grsdhdi.,  Berlin,  lS9i,  lid.  xxvii.  S.  2762  ;  Zlschr.  f.  jdiysioi. 
CJu:m.,  Stra^sbniL;,  Bd.  xxi.  S.  360. 
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well  as  iron-  By  iiieaiis  t>f  liaryU  water,  earnic  acid  (C\oH,sK.,05)  was 
se[Rimted  out  from  it.  In  muBcle,  tliis  aeid  Ls  cMHiibiiied  witli  plioHplioms 
as  phrjspho-Ciiniic  aeid.  Carmc  aeid  itsr(f  U  idt'nfical  with  (intipejytom'. 
Tim  discovery  itself  shows  that  our  viewn  concerning  the  henii-  and 
antt-products  of  digestive  prntLHtlyBis  will  need  revision,  C'aniic  acid 
is  a  comparatively  simple  BuhstfiiiL'e,  of  low  molecular  weight,  and  of 
acid  reaetion-     It  is  free  from  sidphur,  and  gives  must  of  the  proteid 


•  « 


0 


Fi«i-  17-^ — Corapoamls  of  xaQUiiiie  and  h>  poxftntliincj  by  ruunns  vf  whUh  tliL'sc  subslanuiia 
may  l«j  iwbted  and  ideutitit-il,— AIUt  Kiiliu*.'. 

a.  Hyposauthiue  silvyr  Ditruti',  I '.,  H  ^  N  .O  Ai^NO-j. 

b.  Hypiixmitlimc  nitrate,  €!,,H^N.O.  nS'O^.' 

c.  Hypoxanlliinc  byilrochloridi-,  C^H^N^O.  HCl. 

e.  Xanthine  nitrati?,  CjH^N.O,,  IlX'n,. 
^.  Xantbiue  Kyiirochlunik,  CiH^N^ojICl. 

te8t8;  it  doen  not  give  Milloii*^  reaidiisiL  This  dist^fnery  will  no  dtudrt 
fonn  an  important  cine  in  tlie  prohli^m  of  proteid  constitution.  This 
announcement  of  Siegfried*?*  has  htnu  t'dlly  cnufirmed  by  Halke,^ 
who  Las  prepared  many  comiiuunds  ami  tlcrivatives  (oxycariiic  iicid, 
CjjH^jNipOif. ;  oxylic  acid,  C,JI^^N,0^;  and  Vioious  crystalline  metullic 
galte  of  these  acids),  and  has  devised  a  method  for  its  estimation/-^       It 

»  Ztjtdir,/.  phfftiof.  Ch4^m,,  Strassbiirir,  ]Si»0,  lid.  vxii.  H.  2iS. 
^  tJalko  and  Mi*,  ibid.,  Bd,  xxi    S.  380. 
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has  been  further  t  nfiriiicd  by  Friinkel,^  who  iiDds  thai  pui^e  amplio- 
peptone  is  also  sulj   iir-free, 

Phosphocarnic  cid  has  a  complicated  iiioleciile;  it  yields  on 
decomposition  earn.  :  acid,  carbunic  anhydride,  succinic  aeid,  &arcokctic 
acid,  and  a  strongly  reducing  carbohydrate.  Siegfried  coiii|Hires  it  to 
nuclein ;  but  nuclei  us  yield  proteid  on  deconipoBition  \  phosphocarnic 
acid  yields  carnic  j  ,cid  (antipejitoiie)  instead ;  lie  snggests  tlie  term 
nucleon  for  it.  The  jpcrcentage  of  tiny  substance  in  human  muscle  is 
0-1-0-2.  In  new-b  ru  children  the  muscles  contain  less  (0  to  0'06  jier 
cent.* 

A  phosphocarnic  acid  ia  also  foimd  in  milk,  but  differ  from  tliat  in 
muscle  by  yielding  fermentation  lactic  acid  instead  of  saiTxilactic  acid 
on  decomposition.' 


Kriiger  *  has  fount 
means  of  ferric  chlori* 
no  other  substance  » 
u}K)n  it  as  the  maten 
off  carbonic  anhydrii 
that  requires  seriouij 
be  accepted,  but  it  m 
work. 

We  now  pass  to  1 

Glycogen. — This  s 
water  ^ ;  or  by  dilute  pota 
thorough  extraction.     Crauici, 


d  Himultaiieous  nxidatioii  by 
gives  off  ciirbonic  auhydride ; 
J8  this.  He  tbcreforc  looks 
ring  muscular  activity  give^ 
ygen.  This  i^  a  concludon 
lewed  leKcarch  before  it  can 
he  iiuiM.jrUiiice  t)f  Siegfried's 

raotives: — 
ciA%.ractcd  from  muscle  by  hot 
ter  reagent,  effects  a  nuich  more 
,  ^j^iik's  niethnd,  found  that  different 
groups  of  muscles  cnnUdn  varying  nmriunts  of  glycogen,  but  that  c*3iTe- 
sponding  muscles  of  the  two  sides  of  the  body  cnnUdn  the  same  amount 
In  the  heart,  glycogen  iB  unequally  distnlmted  in  the  different  regions 
(Cramer).  The  average  percenUige  of  glycogen  in  fresh  heart  muscle 
is,  however,  about  the  sauuf  as  in  vt>hnitary  ujuseb*,  tbongh  it  dis- 
appears after  death  (being  enn verted  into  sugar  us  in  the  liver)  more 
rapidly  than  in  skeli^hd  innrtrlc.^  illyeugen  nlwo  cH^urs  in  nlber 
involuntary  muscles.® 

The  glycogen  in  muscle  during  life  varies  in  quantity.  The  following 
are  the  ]jriiici])al  causes  of  variation: — 

1 .  Starvation. — The  muscle  glycogen  disappears  during  inanition,  but 
much  moie  slowly  than  the  hepatic  glycogen.^®  Luchsinger^^  stated 
that  the  glycogen  of  the  heart  muscle  disappears  still  less  quickly,  but 
Aldeboff  (using  Kiilz's  method)  could  not  confirm  this. 

'  Loi\  cU. 

'  M.  MiilUr,  ZUrhr.  f,  physu,l.  Chcm.,  Strassburg,  1897,  Bd.  xxii.  S.  561. 
•'  K.  Wittiiia,ick  {ibUL,  S.  567)  gives  tho  percentage  of  nucleon  in  human  milk  as  0*124  ; 
in  cows'  milk,  OdfX),  and  in  goats'  milk,  0*11.      Blumenthal  {Virchow^s  Archiv,  Bd.  cxlvi. 

S.  6.'))  i^ivi's  tlic  ])erecntage  in  cows'  milk  as  0*05. 

•»  Z'tsrhr.  f.  plnffiioL  ('hem.,  Strassl.urir,  1896,  Bd.  xxii.  S.  95. 

^  Briickc,  Sifziniffsb.  d.  k.  Akad.  d.  Jl'isscv^rh.,  Wicn,  1871,  Bd.  Ixiii.  Abtli.  2,  S.  214  ; 
Nasse,  Arch./,  d.  (jrs.  Physio/.,  Bonn,  Hd.  ii.  S.  97. 

"  A  boles,  Mrd.  Jahrb.,'\Vieu,  1877,  S.  551  :  Ktilz,  Ztsrhr.  f.  BioL,  Miinchen,  Bd.  xxii. 
S.  U)l.     See  also  8c-hni(lz,  ihid.,  Bd.  xxv.  S.  180. 

'  y/////.,  Pxl.  xxiv.  S.  G7. 

^  Bonittau,  Ztschr.f.  phf/sitil.  CJion.,  Stras.sbuig,  lid.  xviii.  S.  513. 

^  In  the  stoinacli,  Briicke,  loc.  cit.  ;  in  tlie  plain  niuseles  of  gjistropods,  Chittcncien, 
Ann.  d.  (Item.,  Leipzig,  lid.  elxxviii.  S.  266  ;  Hizio,  Atti.  r.  1st.  Vcneto  di  sc,  kit.  ct  arti, 
1866,  Ser.  3,  tome  i. 

^MVeiss,  Sa:im(/sh.  d.  I:  Akad.  d.    U'isscnsch.,   Wien,   Bd.   Ixiv.  ;  Aldelioff,  Ztschr.  f. 
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2.  Work.— During  work  the  glyf^ngeii  (iisapi>car8,  being  perliapB 
traiisformeii  \v\U\  sugur  and  the  produetB  of  itn  t'ondnistioiK  of  whiidi 
bdJC  a^-'id  iiiaj  tje  an  intennedi«ite  onf  ^  (Weiss,  Manche,  Mnnari). 
HiIS  Io^  of  glycogen  is  nhown  liy  iiimit;roiiB  analyses,  of  wliicii  tlie 
rollowing  from  Manclie  will  serve  as  a  type: — 


1 

Ptr<c«»t«ge  of  CSIycogen  in 
Limb  at  reisU 

PercctiUge  of  OiywRfn  in 

oppoflitv  Liiufaf  which  wim  miuJi; 

to  oontJD£t.  for  23.-115  mi  rutted. 

Peroentafffl  tons  of  Qlyoo^n 
in  TetAniiod  Limh. 

1 

2 
% 

0-1277 
0-2267 
0*2267 

0*114 

0-1912 

0-1917 

12  ■76 
IS  09 
1 5 '44 

3.  Kemoval  of  liver. — Minknwyki,'^  Ltves,^  ami  Sclimelz*  find  that 
after  removal  of  the  liver  the  nmsele  glycugen  rapidly  diiuini^heH.  H<ime 
obiervers,^  huwever,  consider  that  the  nnisetes  have  a  glycogenic 
functlan  afiart  from  that  of  the  liver. 

4.  Cutting  tl»e  nerve  of  a  nuiscde  cAnses  an  atTuniulatitHi  uf  glycogen 
in  the  muscle  so  {wiralysed.*^ 

5.  Cutting  the   tendun   "if  a   niUHele   prodiirt\s   the  Hanie  elfectJ 

6.  ligature  of  the  artery  of  a  nms(*h'  lea^ls  to  w  deerease  in  its 
glycrn^n,  esfjef/ially  if  cedenia  follow.s  the  uperutinn,  the  aeeinnidated 
lymph  leading  tr»  guicclmnlication  (ChiUidelon,  Manehi'), 

Sufjar. — During  life  the  sngsir  in  iiiiiscle  is  at  a  mininium ;  it 
increases  after  death  as  tin*  glycngen  rlisappears.  The  sugar  m  not 
Iimlto«^,  as  NasHe^  .sui*poKed,  hnt  iloxlin.sr,  .is  j\Ii'issn*'r '*  suggested:  the 
work  of  PannrniiifV^'^  with  the  phenylhydiazine  reaetion  h;is  placed  this 
beyond  ^louht.  Snndl  4|uantities  of  tk^irijt  are  found  as  an  intermediate 
pmduct,^* 

IjwsUr, — Ttie  rx^currence  of  this  snhstance  in  vnhndary  nnisele 
has  lieen  noted  f»y  Scherer'-  anci  Linipriefd. ;  in  laistiiated  niascle  by 
Lehuiaiin :  and  in  heart  nnmele,  wliere  it  is  nmre  ahumUiTit  than  in 
skeletal  HHiscle,  hy  li4»ruttauJ^ 

Fat. — This  is  always  ohtained  frnni  iniistle,  Lliongh  whether  any 
oeeiirs  in  the  true  nnrsenlar  suhstantx*  apnrt  fri»ni  the  entangled 
adipoee  tiBsne,  it  is  difticnU  to  say.  Dornieyer  ^*  limls  th:it  after  umsele 
hu  been  suhjected   to   jprelijinnary  gaslrir  digestion,  etfier  extracts  85 

'  Wet«a,  foe,  cil,  ;  Maiii  ht',  Zt9ch}\  t\  BmL,  MuirIicii,  11*1.  xxv.  S.  U«3  ;  Moiisn,  Vhcm. 
Cemir.'BL,  ljci\mg,  3889,  M.  il  8,  372. 

^  Arth.f.  fjyer.  PtUh.  n.  Phanntiloi,,  Lrip/ig,  IM,  xxiii.  S.  i:]n. 
'  Inaag,  T>U»,^  Kunip^herg,  18.S6. 
*i5C*^r,/  BioL,  Mmiihm,  Ed.  xjv.  H.  18(1 

•  Pmiumitz,  /Wrf.,  Bd,  ixvi,  8.  377  j  Selimelz,  foe.  (it. 

* ChftDdelon,  Arch,/,  d.  ge^.  Ph^moi.,  Bonn,  154.  xiii,  S.  G2G  ;  Miiiiclio,  Ivc.  cii. 

^K,  KratiM,  Virckow*B  Arc}i\i\  iil,  cxili.  S,  ;ilfi, 

•'*Zuf.  An«t.  n,  Phyaioi  dcr  i^iiergeMtrefftcu  Mu?fkc"l/*  Liipzifj;,  \^B2. 

•  yaekr.  v,  d.  k\  Oc^tllBch,  d.  IVisacvKch.  if.  d.  OfjfrtfAuih*Um'\\{.\iiiimgtiiy  1861,  S.  206  ; 

"    157- 

\.r, /,  phyaioi.  Chem.^  Strasabnrg,  lid.  xvii. 
jc,  loe.  cil,  ;  Ltmitricht,  Inc.  cit. 
^  d,  Ckem.,  Leipzig,  li«i  Ixxvii.  S.  322. 
^^./,  pkpHoL  Vhcm.^  Straiisburg,  ]Sd.  xviii.  H,  fil^. 
f,  rf.  gC9.  Physiol,,  Bonn,  1896,  Btl  Ixv,  S,  HO, 
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per  cent,  more  of  ■•  he  total  fat  obtainable ;  witbout  such  j»ruliniinary 
digestinii,  extraction  with  ether  i«  iiselesB  for  quantitative  purpo«eK,  K 
Bogtlanow  *  beheves  that  the  fat  wlrieh  m  thiis  soluble  in  eth*T  wilii 
tUfliculty  IB  a  real  ctnstitueiit  of  the  uiufMile  plasiaa,  anil  states^  that  it  ia 
richer  in  volatile  fat  '^j  aeicb  than  thai  froni  the  aurroundujg  LMiuiiective 
tisBues,     For  "  Adip^icere,"  Bce  p.  20. 

Lndie  (mtU. — Ajnong  the  oxypropionic  aeitlB  with  the  empirical 
fonnnia  CslIeO^,  one  called  hydracrylic  acid,  or  ethylene  lactic  acid,  C.'Hj 
(UH).CHi.OudH,  m  not  found  in  the  body.  Small  ([uautilies  of  this 
material  were  formerly  deHcribcd'^  a^  occurring  m  nniHclc  extractn,  but 
this  in  not  the  cane :  the  aeid  mistaken  for  it  %va5  acetyl-lactic  add 

h,ch(c,h,o;)Cooh;^ 


Tlie  remaoiing  \i 
ethylidene  lactic  acid, 
activity,  and  in  tlie  ao 
tion  water  in  tfu4r  zi 

Their  forniida  h 
them  are  due,  accord, 
ex  1  ircHHi  on  8te  rc<  tchen 

The  three  ij^omeri' 

(a)  Tlie  ojitically 
lacXic  acid,  which  occ 
in  t^niul!  quantities  in 
some  caseH  of  diabetic  urim 


reoeheuncjd  iBomeridcs  of 
turuber,  and  ditlbr  in  optical 
Y,  and  annjvnit  of  erysUxlliai- 
i  j^alts.* 

Tlie  dilTerenccb?  lietween 
1  and  ^'an't  Hotf,  and  as  the 
ce  relationships  of  the  atoina. 

I  the  ordinary  ferinentfition 
imm  st»ur:  it  ban  been  f<umd 

ey  nmtter  of  the  bra in,'^  and  m 

cliaracteristie  snUn  are — 


Zinc  lactate  7,ii{Q>^hfJ^i-^^\lSy  \  soluble  in  fifty-three  jwirU  of  water 
at  15" ;  ill  six  parLs  tit  100'  C"  ;  almost  itisohiliie  in  slL*nln>l. 

Calciuiu  laetat^i,  Ca(C^H/.) J^, -h  5H/.)  ^  solublo  in  9T)  of  cu]il,  and  in 
all  prti]H>rtions  in  boiling  water.     Insoluble  io  told  alcohol. 

[h)  iJcxtrorotatory  lactic  aeiiL — ThLs  is  ]jara1actic^  or  Kincdhictie 
acid.  This  is  tlie  lactic  acid  pm*  (\7reJletur  nf  nmwcle.^  It  \h  found  in 
the  blnud,^  jiarticularly  after  nniRcular  activity."  It  \h  found  in  the 
urine  after  nni.scidar  activity, *^*di!ririL:  iliunnutino  <tf  oxidati<kn  ]>roteHKeH/^ 
in  phiis]>hiiriis  jMiiKoiiing,  and  after  cxtirjjjitiun  of  the  liver. *-  IL  is  found 
as  noted  wbcu  we  connidered  thcni,  in  many  organn  and  tisHUes  after 
denth.      h.s  bl^st  kn/»\vn  naltw  arc — 

Zinc  t^arcoliicfatcj  Zii(C.^lI,/),j.^  + *J1J JK  *Sf»hible  in  17f»  purU  of  water  at 
15'  C,  anil  in  l^G  I  [tavts  of  boiling  l>«^  jjcr  Ci'uL  alcohoL 

^  Arrh,j\  J,  fffj.  Pfii/siiii.,  Bonn,  M.  Uv,  S.  8!. 

=  Otj  Ijtijiuiii  tii'UU'H,  bcti  IIt»ei>c-Sejlt'raiul  Amki,  Ztsehr.  J.  phtjsiU.  Cfuhi.^  i>lias.>l»ur«, 

1895,  IM.  XX.  S.  'M):^. 

•'  Hcintz,  ./////.  >K  <%'m.,  Leipzig,  1871,  B«l.  clvii.  S.  314. 

'■' (:.srlil.M(n.'n.  ArrJ,.  f.  il.  r/rs.  Plit/sif^/.,  Konn,  1873-4,  Bd.  viii.  S.  71. 

•  Liclli^^  ytini.   f/.  r/irjii.,  Lei[»/i.i,'.  ls47,  l:i<l.   Ixii.  S.  :i2»>  ;   Wisliceinis,  ibitl.,  S.  302. 

^  Gft^^'lio,  ///■(•//.  /■  r/n/.tlof.,  Leijizi^j:,  1880,  S.  400;  Irisawa,  Zfsrhr.  f.  2^hiisiol.  Chon., 
Strasshuii,',  n<l.  xvii.S.  .'MO. 

'•  Spiro,  /fsc/n:/.  ]>hiisiol.  <'/„-m.,  8tr.isslmr«r.  1877,  H-l.  i.  S.  Ill  :  v.  Frev,  Arch.  f. 
Vh\ii<in1.^  Lei}>/|i,',  188:»,  S.  5:>7. 

"M'olas.iiiti  aii<l  Moscatelli.  JuJurxh.  il.  <l.  Foii^chr.  d.  T/u'rr-C/irni.,  Wiosbadcn,  1887, 
S.  212;   Marcus,  Airh.f.  d.  f/r.s.  P/n/sioL,  lionn.  1886,  lid.  xxxix.  S.  42.'.. 

'•  Araki,  Zfsi/tr.  /.  jdnf^io/.  C/inn.,  Strasslnir/j;,  Ikle.  xv.,  xvi.,  xvii.,  aii<l  xix. 

'-  Minkowski,  Cridralld.  f.  d.  }iird.  Jl'issnisrh.,  Berlin,  18sr),  No.  2;  Arch./,  crprr.  Paih. 
u.  Pltar/nakn/.^  L('ii>/.i^',  isso.  lid.  xxi.  S.  40  ;  Maicuse,  h^.  cit.;  Nelndtliau,  Ztschr.  f.  BiuL, 
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CAJciam  sarcoIactiiU*,  Ca(C.H^03).j-h4  or  4^  H.O.     vSoIuble  \\\  12 -4  parts 
of  oolJ  water  ami   in  all  praportions  of  boiling  water  or  alcohol. 
These  salts  are  levorotatory,  though  the  free  acid  is  dextrorotatory. 


This  18  produced  l>y  the  fermentation 


Fid.  18.— Zinc  ftnrculnotate.— Aru-r  Knlmu. 


(e)  Levorotatoiy  lactic  acid. 
of  raue-siigiir  Ity  means  of  a 
sjjetMal  kin«l  fif  liacillus,'  and 
b  ali>*>  fiiund  ill  cultures  of 
(iaflfky's  typhoid  Ijticillu.'i  in 
tiolution  of  sug^ir  ami  pc in- 
tone,* Very  little  in  kiiuwn 
ibout  it  yet. 

Id  all  case«  where  thj\*e 
wrmerkleft  exint,  as  in  the 
pi«8ent  case — one  optiwtlly 
inactive^  one  levorotatory, 
tnd  the  third  dextroro- 
taUiry — ^it  should  he  und*^r- 
^%3ifl  that  strictly  ^speaking 
tbere  are  oidy  twii  iKomer- 
idea^  one  dextr<>  the  other 
.levorotatory,  the  third  or 
inac^ve  variety  hehig  a  coin- 
pound  of  the  other  two. 
Hua     was    fir^t   hhowu    by 

I^sieur^  in  connection  with  racendc  acid,  wbicli  is  optically  inriclivc. 
By  appropriate  methods  of  crystallii^ation  it  can  be  «c]tnratcd  iulii  two 
Tarieties  of  Uirtaric  acid,  one  dextrm^iitatory,  the  ntbcr  Icvomtidory. 

Another  method  of  BejMiratiug 
an  uptically  inactive  material  into 
its  opticaHy  active  comiKincids, 
baa  fc^^n  alluded  t()  on  p.  :«2,  in 
connection  with  glutaminic  aciil 
and  leucine.  It  consiHtH  in  allow- 
11^  moulds,  like  FrnmUiam 
^ucum,  to  grow  in  a  solutifin  of 
the  inactive  compound  ;  one  <jn]y 
of  its  active  components  h  dcs- 
trtjyed  l»y  the  mould,  and  the 
other  remains  untouched.  In  the 
case  of  optically  inactive  lactic 
acid,  the  question  fiaa  been 
attacked  by  the  method  of 
cryatallisiition  of  various  of  it^ 
compounds,  y*articularly  of  those 
with  strychnine,  ami  also  of  zinc  amnioinum  lat  taie.^ 

The  mode  of  formation  of  lactic  acid  in  nuisclcjs  lias 
of  nimierous  rescjircbcs.     That  the  acid  is  Hurcolactic 


iilk-'itiin 


lactuti'.— AftiT  Kkihiie. 


bcrn  thr  subject 
acid    ba.s    l^ceii 


I 


fistein,  Arrlt.  de  sc.  hioi,,  St  Petersboar^,  Unnu  J.  ]k  191>. 

,»  (if,  chim.j  Paris,  St^r.  2,  ton;e  xxiv,  p,  -112;  xxviii.  p,  50  ;   (''mnjtf.  rf.utf,  Arftrf. 
TO,  tome  xxxvi.  p.  26  ;  xxxvii,  p,   16*2  ;  Jun.  d.  Phys.  it.  Vhtm.^   L^'ip/ij^,   JM. 
L27  ;  xc.  a  498,  £04, 
lie  and  Walker,  Trans,  Chctn.  Sue.  LiMtdm,  isrri,  p.  7.' 4  ;  lhD3,  ]k  Ilia. 
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stated  by  Berzelius,  I>u  Bois-Reymoiid,- Kiihiie,^  ami  HeUleiihiiiu;*  It 
may  be  readily  det€  ied  in  an  ethereal  extract  by  Uffehiiatii!*^  r^mctioii.* 
Lactic  acid  is  iiniied,  imt  only  after  dmth,  but  liim  on  activity 
during  life;  it  is  dt  ubLkf^s  una  of  tbt*  add  products  tbe  aeemiudation 
of  which  produces  ^afiffifr,^  tbauglt  the  jic^asibilities  of  ImlsIc  prorlucta 
being  also  produced  and  causing  fatigue  by  their  iiitlueuce  on  the 
central  nervous  systjui  j^houl<l  not  be  overlooked.' 

A  number  of  race  it  research Ci?  havcj  however,  thrown  doubt  on  the  ques- 
tion whether  any  fret  \i\cim  acid  is  actuaily  fiirmtsil  under  these  eir^umittancea. 
In  determining  this  jtifk^tion,  it  is  very  important  U"  know  the  indicator 
employed  in  the  inve  tigatiou;  hut  even  with  the  Kame  indicator  the  results 
obtained    by  different  workera  are  soraetimea  discordant.     (Jne  of   the  best 


indicators  for  detecting 
Moleschott  and  But 
Blomc®  did  not.     Wai 
but  that  the  number  * 
supposing  that  in  real 
the  free  acid,  is  prese 
the  anhydride. 

Gleiss  ^1  agrees  with 
ing  muscle  is  due  to 
muscles  of  the  rabbit, 
become  acid  less  rapidly 

Weylaud  Seitler ''j\,^.^ 
may  be  at  least  in  part  due 


51  r 
^ii 


alein, 

f  acidity  during  rigor,  vvhUtt 
Lljat  the  acidity  U  increa^sed, 
rii^htnL  This  is  explained  by 
le,  and  in  coiiLracting  muscle 
s  with  twici!  iVii  aiLudi  ba^^e  as 

cw,  ill  at  the  acidity  of  coiitract- 
,at  tlie  wlowly  ct>utractii>g  red 
ictiii^  muscle.s  of  the  tortoise, 
y  mU8cleH* 

lut  that  the  iticrpase  nf  aeitlity 
plios[ihate^  prmkicetl  from  the 


alkaline  phos])hate  by  tlie  develupinent  oi  n^,^  ])hu.sphnric  ficid  from  organic 
compounds,  like  lecithin  and  nuclein.  Irlsawa  ^'^  lakcf*  a  siniikir  view  in 
reference  to  the  acidity  of  dead  urgaus^  like  thf  liver  and  p.sucrciLs  The 
most  careful  work  in  thif^  ilirectiunj  however,  is  that  of  Jlohniiuin,**  He  used 
laemoid  and  turmeric  as  indicHtor^,  and  fonn<l  that  fresh  muHclc  i.s  alkaline  to 
lacnioid,  and  neutral  or  wcmkly  acid  ki  turmerie.  1  Hniny  tetanus  and  rigor, 
the  alkalinity  to  lacmoid  decreanesj  ami  the  acidity  to  tnrmerit^  increascB.  He 
attributes  the  acid  reaetiou  ti>  nionojKJtiissinra  [thoi5phate  (KH.dHJ^),  and 
the  alkaline  reaction  to  diiiotassium  |ihasphate  (K.iiPnj,  and  to  sodium 
bicarbonate.  U  lactic  acid  is  formed,  none  i^  free.  He  ailniits  that  ether 
will  extract  la(;tic  acid  from  nui-icle^  but  it  will  do  so  from  alkaline  muscle, 
and  is  i)ro(luced  by  niuno|ioU4Hi^ium  pho.sjihiite  turnin.L,^  it  ont  uf  combination 
during'  the  process  of  extntiiiiau 

With  ie<^Mid  to  the  tnigin  nf  krtic^  acid,  O,  NaBmj  beliovoH  it  comes 
from  the;  ;4lycoiren.  TbiH  is  iho  Hiinph-st  vii'W  of  the  luatler  to  take, 
and  it  is  suppfuted  by  Hoiiie  \%nrk  «d'  Kkuninn,'^'  Many  I'art.sJiHwevGr, 
do  not  tit  ill  with  this  explanation;  and  tbo  view  very  p/norally  htdd 

'  "  LcliilnK^li  (\.  Chem.,'-  vul.  vi.  i,.  j*.>7. 

-  "(lesaimm-ltc  Abhandl.  ziir  allgcnieiii.  Muskel  and  Ncrven  Physik,"  Leipzig,  1877. 

^  "  riittTsiuli.  ii.  (las  Protoplasin.i,"  \j('\\y/,\<^,  1804. 
■*  "  Mecliani.sclio  LcMstun;^,"  Leipzif^.  1804,  S.  143. 

A  dilute  solution  of  U^viic  eliloride  and  carbolic  acid,  Aviiich  is  violet,  is  turned  yellow 

trare  (1  in  1(»,000)  of  lactic  acid  {Ztschr,/.  kUn.  McL,  Berlin,  Bd.  viii.  S.  392). 

Kanke,  "Tetanus."  Leipzig,  18G5,  p.  3r>0. 

A.  Mossr.,  Trans.  Infrrnaf.  M'd.  C>m(j.,  Berlin,  1890. 

Arch.  ital.  <k.  hloL,  Turin,  vol.  viii.  j).  00. 

Arcli.  f.  f.rprr.   Path.  u.    rharmal'ol.^   Leipzig,   1890,   Bd.   xxviii.    S.   113.     Blonie's 

ts  have  been  much  criticised  by  Kohniann  ;  Arch.  f.  d.  (jcs.  Physiol. ^  Bonn,  1892,  Bd. 

84,  ibid.,  1893,  \V\.  Iv.  S.  5>9. 

Arch.f.  d.  ffrs.  PhysiuL,  Bonn,  BJ.  xxiv.  S.  391.  "  Ibid.,  Bd.  xli.  S.  69. 

Ztschr.  f.  p'lnjsinl.  Chon.,  Strassburg,  Bd.  vi.  S.  r»r.7.  »^  Jhid.,  Ikl.  xvii.  S.  340. 

Lor.  cit.  '•'•  Journ.f.  prakt.  Chc/ti.j  Leipzig,  N.F.,  Bd.  xx. 
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tf  that  the  acid  ariws  from  tlie  tleconi|x»sitioii  of  ci implex  molecules, 
of  which  pniteid  formn  a  part.  It  in  ipiite  |K)ssilt!e  that  the  lactic  aeiil 
majr  originate  m  h<*th  \Vit}'&. 

The  idea  that  the  acid  has  a  proteid  origin  was  mooted  hy  Kiihue^ 
iDSi>meof  his  earliest  ^thservatioiis.  He  showed  that  not  only  is  the 
idd  formed  during  rigor  mortis,  Ijiit  also  during  tlie  heat-coagulation  of 
myomu.  Bohni  *  supported  the  proteid  origin  of  lactic  acid,  and  his  view 
was  endorsed  by  Hoiipe-Seylcr.^  Some  of  my  own  experiments  showing 
the  iievelnpiiient  of  acid  /luring  the  coagulation  of  jiure  myosin/  and 
Utliams  theoretical  %iews^  on  the  constitution  of  tlie  proteid  mole- 
cttle,  tend  in  the  sauje  direction,  Araki*^  fnund  that  ihminution  of 
aiidation  iii  the  Iwidy,  fiuch  aH  is  produced  liy  tlie  inliulation  «if  earhomc 
iiiide,  leads  to  the  api^earance  of  lactic  acid  (and  srniictimes  all>^nnin 
and  sugar)  in  the  urine.  Tliis  is  accompanied  by  increase  in  ]M'oteid 
btabcilkm  ;  and  this  again,  as  Hanmiarsten^  ]ioints  out,  m  in  favuur  of 
the  same  view. 

Inorganic  coofititnents  of  muBcle. — The  total  ash  is  from  1  to  15 
per  cent.  In  it  niay  he  noted  the  predominance  ot"  potasii  anmug  the 
lasee,  and  of  phosphoric  acid  among  the  acids.  The  follu\viu|,^  analyses 
iff  by  Bunge :  ** — 


In  imU  jMir  1000. 


Na,0 

CaO 

MgO 

PA 


I. 

If. 

4 -654 

4i(^0 

0-770 

O'Hll 

0-086 

0-07*2 

0'412 

0\3K1 

0-057 

. . » 

4HH4 

4Ti8 

OG72 

0-70 

, , , 

0-10 

cf 
so, 

Ifore  recent  work  on  this  question  is  hy  J,  Katx.**  Tiio  flc^ih  of  n 
ht^  number  of  fmimals  was  investif^atcd.  The  fnll«»\vin^'  figures  give  the 
minimuin  and  msiximiuii  in  1000  ]>arltt  of  fresh  \\\Ai  :K,  *1'\  to  46  ;  Na,  0'3 
to  1-5;  Fe,  0'04  to  0*25;  Ca,  0^02  tn  0  ;U> ;  M;r,  0  18  to  0'37  :  P  (fnaii 
phosphates),  1^22  Uy  2*04  ;  (from  lecithin),  013  to  0-4H  ;  (frnin  niiclt-in).  0*01)  to 
0-32  ;  CI,  0-32  to  08, 

Chemical  changes  accompanying  the  contraction  of  muBcle  — 
The  ]>hy,^iHlou:y  of  muscular  (nntnietinn,  thf  inlluinoo  of  nnisfiilar 
work  in  rnetaholisnu  the  pises  of  nmsrle,  and  uLlicr  prohh'ios^  will  he 
aludieci  in  other  portiotisof  thin  work.  It  juay  unL  he  uiapjnupriatc  here, 
however,  to  eonchule  thin  section  \\y  statiii«^'  hrielly  the  main  faots, 
hivijig  a  cheniieal  hearing,  relating'  to  changen  acconi]«tnyin^  lonscnlar 
OQiiliBetion.     The  ehan^'es  are  in  kind  similar  to  those  whioh  ortnr  in 

^  Ardt^f,  Anal,  «.  Unfm'f.^  Li*ipzig»  185i*,  S.  79'*  ;  '*  Myolo^^ij^ilic  Uiittrsiirli., "  Iji[rj?ijL!f, 
p,  184. 
Arth.f.  d.  ife*.  Phiiswl.^  Bnmi,  B<J.  xxiii,  S.  44,    In  a  Inter  yayi'V  {ibftL,  IS^H),  IM.  jrlvL 
5y  B«»biii  r«?aflimis  hia  fWHilioii  in  reference  to  soiim  i  ntirj«iiiH  of  \V farther  {iLuf,^  S.  53). 

'^m,  Fhfj»i<*l.^  Cambridge  and  Iximlon^  1S87|  vol.  viij.  p.  151,     Tlitse  resultR,  liow- 
-  criticised  by  v.  Furth. 
,  Mtd.  Jfjiim,^  I>oik1ot*,  1886,  vol,  j.  p,  €30. 

cu.  (Note  n,  p.  \m). 

'w*iol.  Chen*/*  3rd  Ci*ri!mn  edition,  S.  332. 

i  fftM,  PhyaioL,  Bonn,  18^6,  Hd.  Ixiii,  H,  1-85* 
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muscles  during  mi-c  lltnl  vest;  there  is  an  exiig^iferatinii  of  the  noniial 
"chemical  tone"  of  i  he  tissue,  and  an  ex|ih>Bivti  hlTemtum  tif  enei^y. 

1.  Clmwje,  in  renium. — Thu  imiHrh!  litfCfUiiLiB  acid  ;  thus  is  generally 
believed  to  he  due  ti p  the  prndiiftidii  uf  mreolaetif.  aciiL  liie  viewa 
of  Eohmann  and  otherM  in  rolsitinn  U\  this  question  (see  p,  108)  deser^'e, 
however,  careful  coii^ideratioiL 

2.  Changes  in  the  protfid.^-Ther^  is  ng  marked  and  iuinn^Mliate 
increase  of  urea  in  inise.idiir  a(Uivitj%  thnii^h  recent  work  tendf^  U^  hUow 
that  proteid  katsihn  inin  in  inereivwed,  jind  thai  the  inereuse  in  urea 
leaves  the  body  tlv*  Tu*xt  day  ur  the  day  afy-r.  The  main  wm^c^ 
however,  appears  in  fall  an  the  imn-iiitrrj^reinjn.s  purt  nf  ide  niimele,  aa 
evidenced    by   the   immediate  and    larji^e   iucreawe   in    the  amount    of 

Je.  Hermanifs  theory  of 
ge  18  similar  in  kinrl  to  that 
fee.     On  deatti,  he  as.su mes 


carbonic    anhydride    tl 
muscular  contraction  a 
which  occurs  on  dejit 
that  the  hypothel.i^ud 
anhydride,    sarcolae.ti 
formation  of  a  cli^t  < 
tracting  muscle. 

3.  (■handed  in  th 
soluble  in  water  dii 
This  appears  U)  be  el 
and  appearance  of  siijj 

4.  Chaiujes    in  the   ijasr. 


Vf/t'n  '  is  ftjilit  into  rarljonic 

But    anything    like    the 

feen  observed  in  living  eon- 

?  tetanus  the  cxtraetivon 
In  hie  in  aleuhol  inereawe.^ 
*  iMsjippeu ranee  of  ijlyefj^on, 

V  theory  jnnt  referi'eil  tn  was 
largely  the  outcojm^  nf  U\h  niu...^  .,,  di.sci/ver  ejxygeu  among  the  ga8t\s 
of  nnisele.  The  oxygen  URcd  in  the  forniation  of  earb^^nie  anhydride 
must  therefore  be  field  in  enmplex  luurm  witliin  the  muscle.  On 
contraction,  as  on  the  iK'<"iirrL'nce  of  rig^tr  mnrtin,  tlje  amount  of 
carbonic  anhydri^lf  given  otr  is  ini^rea.sLMl.  The  amoimt  of  oxygen 
absorbed  from  tln'  iilund  m  nlsu  raised,  ^ait  n(>t  in  pro|)ortion;  heute  the 

fraction  i     i    i  nwess.     (hee  laon^  ful  y  '*  Keaiumtifin   V 

o.  Pnnhntiuii  »>/  rrthnuvfj  mlManees.^-Wiy^ihi^:^  muneie  oxidiiies 
pyrogallic  aeid ;  telanised  muscle  dot*.s  noL  A  ftobUion  of  jutntes 
pjissed  tlu'ougli  contraeting  nnistle  h  (^banged  inU>  oiu'  of  nilrateH.  and 
the  colnur  of  sdlntions  of  indijru  sulphate  i,s  altered  in  the  mme 
way  as  by  reducing  agents/^  A,  S<'[inHdL*  art'ivtni  at  the  same 
conclusion  from  Ifie  exandnation  of  the  venmifl  iilornl  of  k*lanim?d 
nniscle,  but  what  the  reductng  ,snbst,'xm'(*s  art*  that  are  produced  \n 
(piilc  unknown. 

Electrical  organs. —  From  the  Mn[>eiio  organ.  VV^eyl*  extracteib 
probably  f null  the  mucoits  Ibii*!  between  \\\v  jiIateH.  a  '*  t*>rpeilo  ninein/' 
This,  tiowever,  yieltls  u^j  reducing  sng-u.  A  ^luall  quantily  of  gelatin 
and  a  globulin  (coagulated  by  heat  at  oo^-GO")  were  also  obtained.® 
The    tissue,   like    muscle,   becomes    acid    and    less    transparent    after 


'  Tlu*  no.in'st  .ippniiii'li  to  II«'iiiiaiurs  theoretical  sul>st;nice,  ino^^en,  is  Sie<(frio«l"s  phospho- 
eariiic  aci'I  (s.-e  |..  lOii^. 

-  Helmlioltz,  Anh.  /.  Annt.  it,  J'Ii)/si(,l.,  Leipzi*,'.  18^.'.,  S.  72;  Kaiike,  "Tetanus,*' 
Leip/i^',  isr,;';  IltMihiiliaiii.  Airh.  f.  (^-  i/'-^'-  PhjisioL,  liuiin,  H<1.  iii.  8.  r»74. 

-' (init/iicr,  //'/'/.,  I'»<1.  vii.  S.  '2.:k)  \  (Isrlieiaieii,  ibid.,  Hd.  viii.  S.  500. 

^  Sitzaiiifsh.  <1.  k.  Ahnl.  (I.    irissrmrh.,  Wi.-ii,  IM.  x.\. 

•'  /Jsrhr.f.  j)h!fsi"f.  (liy.in.,  Strasslmig,  IVl.  vi.  S.  ^'Iik 

''  Knikenbcr^   Wiis    iiiiaMe    to   ol»tain    myosin    ("Wcitere    Untersncli.    zur    vergleich. 


\f....i--.i,,i...,. 
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Weyl  ^    funud   the    perfenta^^e   \\{   watcn'   in   the   mimelea   of 
-jr.  U\  l»e  77*5;  in   \\\\i  eluclrii-al  orgaiu  ^**X     He  wuh  alno  alile  to 
iqitimse  a    luuuKer  nf   or<^iitiie  ^ultstjtiiros  frmn  the   or^iiii,  HUuilaT    to 
f?yne  occurring    \\\    uium-le    ami    uoive,   such    at*   creatine,   xanthine, 
thin,     fat,     cholesterin,    fatty    aeids,    and     innHite.       Frerit-lis    an<l 
'  '   !   r  iintl  yjea.      In  another  reseairh,  Wryl  ^  fuiintl  tliat  exeitation 
:i  pniduceil  an  incretLHeil  fiiiuiatinn  iiF  [ihuwpliuiic  acitl  in  it 


The  Skeletal  TLSsirEs. 

Mnat  of  the  cheniifal  suhstanees  rieenrrin*^  in  the  eoniier'tive  tiBBiiefl 
(cnllagvn,  elafttin,  inuein,  fat)  [lavi.^  been  ah*ea<ly  dose  ri hod  (Hei^  pji.  GU-72X 
There  are  still  a  few  to  he  diwrusned,  which  will  he  nioMt  eniiveniently 
Ji)ne  under  the  headn — l»one,  Ttnith,  (Vutila^^e,  and  Notot  hnrd. 

Bone. — Bone  difters  from  Jiiont  utfier  tissues  in  its  lii^li  jien  enta^e  of 
mineral  matter.  It  contains  4G"7  per  eenL  »if  water,*  of  which  Aehy  ^ 
cvmaiders  11  or  12  are  in  a  state  of  loose  ehemieal  condiination, 
Uftloguus  to  water  of  eryHtalHwatioii. 

The  coiDiK_»siti«m  of  imthied  fmne  without  reparation  of  marrow  or 
Uood  is  given  hy  Hop^te-Seyler  thuH :  — 


Water,  50  00  \m  cent. 
Fat,      15-75       „ 


Ossein,         11  "40  |ic"r  rri 
Bone  eartlh  21*^5 


Zalesky's  analysea  of  AmA  mar>cTatf^«l  hmh'  nre  an  follows:  — 


HuiiLan  Rone. 

rui(n  t>r  o\. 

Wm%.'  of  CJuiMCft-rij;, 

OryftDic  conititueTiU    , 
laofgmtiic 

32 '02 

34-70 
65-30 

FofifiU  bones  analysed  hy  Freniy'*  nhow  a  smaller  pcrccida^^'f  of 
organic  matter. 

The  organic  eonBtifcuents  of  iKjneaie  ossein  oieollafjen,  small  quantiiies 
of  ehu^tin  from  the  liniiiif  of  the  lacmtii-  and  canaliculi;  ]»intcic|s,  anil 
onclein  from  the  cellK, and  a  snudl  ijuantity  of  I'at  even  after  \\\\^.  n'oioval 
«filll  the  marrow.  The  ah.Mcnee  r»f  lunein  in  cnnqiact  inmc  is  noteworthy, 
rfiowing  that  the  gronnd  Hubstanee  is  entirely  replaced  l>y  talcarcous 
Blatter.^  MaiTow,  however,  yields  mneim**  The  inorganic  constitoents 
of  bi^ne  are  e^ileiuni  phosj>hate,  ealcinm  cari>onate,  f^■llcilUJl  chloride, 
caJciimi  fluoride,  ma^nesimn  phosphate,  iind  sujall  (luantities  of  sulphates 
and  other  chloriden, 

*  ^  "        Tth,  /.    A^mt,  tt.    Ph]tnoL,    \y\\yn\l,   LH93,  S.  ?»!}  ;  Dii  Ilois  R<-yiiioinl    fouiul 
tric&l  organ  of  MahiiiUr^rnn  jiKho  Iw  (  ojiu  h  aciil  on  activity, 
.-^.  ±  k.  AktuL  d.  IVtmcii^h,,  Ht-rlin,  Aiml  l.ss], 

t  AmU.  H.  PhifMwL,  UnpziK,  1^84,  PhtfsmL  Ahfh.,  S.  310. 
Ztaehr.  f,  physiol.  Chcm.f  Strai.'^Hhuig,  llil.  viii.  S.  3:J9. 
f,  d.  mrd.   H^isnameh.,  Ikrlin,  LH71,  K<».  14, 
«*  cnim^r  Forin,  *S<fT.  3,  tonii*  xUii.  p-  47» 

i]a1«tane«  lh  not  keintiu,  a.H  Bnnieko  HUjt|MWMK     Set-  11.   Iv.  SmiLh,   Ztafhr,  f. 
"isheii,  Bci,  xix.  S.  469. 
Young, -/rttim.  Physiol, f  Camtmdgc  arnl  IjoinJuii,  1802,  val.  siii.  \k  S03. 
;*ky,  Oeniraibf./.  d.  m<d.  IVimejisdK,  tScrlui,  1872,  8*  562* 
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From  a  large  it.  mber  of  analj^eB,  Hoppe-Sejler  givea  the  folio  wing 
figures  representing  percentages  of  the  total  asli :— 


Cii. 

ro,. 

CO,. 

FL 

Mg. 

CI. 

38-49 

5446 

6-24 

1-28 

0-44 

0-19 

From  his  own  niiiubers,  Zalesky  bus  Ciilculiitetl  the  probable  oompo^ition 
of  the  mineral  const  it  lentij  of  lione  ah  follows  t — 

Calcji  m  phoEjphate         .         .         .  83 '889 

,,        carbonate         ,         .         ♦  13"03U 
Cakiiim  in  eomliinatioii  with  fluorine, 

lihkrine,  otc      .         ,         .         .  0*350 

Fboriiiu        ,         .         ,         ,         .  0*221) 

Chloride                                            ,  0  183 


Hoppe-Seyler  coiLsif 
bone,  dentine,   \\m\   en 
formula  CaioFL,(POJ, 
substances,  however,  i. 
takes  the  place   of   tli 
Gabriers  researclius  bei 


Bfistic  inorganic  ingredient  of 
to  ajmfite.  Apatite  has  the 
try  smal!  quantities  of  theise 
compound  w  one  m  which  CO^ 
/aj(jCO^{PO^)^,     iSee,  however. 


h  are  dentine:*,  enamel,  and 

mtine  m  eheniically  ainiihir 

.1  iiHi^in,  niuy   be   t^unvoniently 


Tooth.— Tlie  eiil 
crusta  petrosa.     Tlie 
to   bone.      Enanu'L  t, 
taken  here. 

nentin4\ — J\m  eonsists  ui  _ .  ]>er  cent,  and  wolids  90  per  cent 

The  solids  arc  or^^fauic  and  inorganic*  Tlic  orpmie  Hnlids  are  less 
abundant  than  in  lunu^  Thej  eonsist  uf  collagen  and  ehustin  ;  the  latter 
form  the  lining  uf  tho  dentinal  tid>ok'H.  From  Acby*!^  aniiiy-ses^,  Hoppe- 
Seyler  gives  tin-  folluwing  table: — 


0.,.,Cf>,(l'(),),  . 
MgH(l'0,)  .  . 
( Jvganic  Bubstanrea 


7*2  "06  per  rpivt 

O'Tr)      ,, 
:i7-70      ,, 


Enaind. — Tbiw  in  the  bardeHt  tissue  in  the  budy.      llojjpe-Sejler  h 
(piantitative  analyses  give  the  fnlldsving  mean  reniilt:^ 


MgHPO,      . 
Orji^aniL^  m  distances 


1-05         „ 

:vfio 


Various  otlii^r  investigatorB  give  uumberR  A'arying  from  2  to  10  per 
cent,  of  organic  miitier.  This  they  eHtiniato  by  Iush  <in  ignition.  Tomen/ 
however,  has  rereiUly  shown  tliut  this^  \t\w^  is  chictiy  if  nut  wholly  due 
to  water.  On  attempting  to  estunate  the  organic  matter  directly, 
none  was  found,  or  a  quantity  too  small  to  be  weighed. 

(lal^riel-  has  recently  worked  at  the  (picstion  of  the  constitution  of 
the  mineral  matter  of  bones  and  teeth.  Some  of  his  conclusions  do 
not  accord  with  the  older  work  of  IFoppe- Sender.  He  finds  that  the 
constituents  are  water,  lime,  magnesia,  potash,  soda,  phosphoric  acid, 
carbonic  a]diy(hi(le,  chlorine,  and  lluorine.  11ie  quantities  of  lime 
and  phosplunic  acid,  which  are  the  most  ai)undant  constituents,  vary 


Or 


'  Jmirn.  Physiol.,  Cainl»ri(lp;e  and  London,  1806, 
Bn'f..   London.  1808.  n.  114. 


vol.  xix.  }).  217;  Trans.  Odonl.  Soc. 
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but  little,  ant  1  arr  jiroportioiial  t<>  eacli  iitlit^r;  the  ;iiiinimt«  nf  mu|^ieBm 
and  carlNUiie  arihytliide  are  alsi*  ]irop(>rti<)iial  tlio  niie  to  i\m  iiiliei'. 
The  amaiiiit  r>f  iH*tawli  is  i^-eaU^r  than  that  (»f  Hotla*  The  uumunt  of 
chlorine  is  very  ^umll,  and  in  ^freatta-  in  tht*  teeth  (021  per  lient.)  than 
in  k»ne-  Fhuiiine  !«  a  iniiiinial  constituent  (»f  linthM  aH  a  rule,  nut 
nitjre  than  00 5  per  eent.  is  ]ireMent, 

Water  is  present  in  twu  fnruiH ;  riiie  part  pas.siijj^  nil'  at  *100  -*»")(.)  (J, 
is  similar  to  water  of  erystaUisiitiou  ;  tlie  tfther  ]»art  is  only  ex  pel  lee  i  by 
fiLsinn  with  silieic  aeid,  and  m  an  exineHniou  nf  the  Immcity  i»f  the 
phosphate,  and  is  calle<l  water  of  eoustitiition  m'  acidie  watiT. 

TJie  ennijxjj^itioii  nf  tlie  ash  linds  itn  simplest  expression  m  the 
fomiiila,  Ca3(P0j).^+Ca-Hr30,^+Ai[,  in  wliieh  2  to  .*>  per  eeuL  nf 
the  lime  is  replaced  l>y  luaj^iesia,  ptitasli,  and  smla,  und  4  t<i  i\  per  rent 
of  the  [>ho8ph«>rie  acid  hy  carhonie  itidiydridr,  rldnrine,  a  in  I  llnnrine. 
Ttie  limit  of  variation  is,  however,  snialh  and  the  diilerenres  heLween 
Iwne  ash  and  tonth  ash  are  not  greater  than  those  hetweeii  the  ash  nf 
ilifferent  iKmes. 

The  notochord, — Sternher^r-  fuuud  tluit  ni'ilher  ^a-Iatin  nnr  ehnjuhiu 
is  ithtainaide  frnui  the  nntnrhnnh  ami  Xeiuiiuou  ^  that  the  t^dls  strun 
with  ifxlLiif  as  tlmu^h  they  en n tain ed  j^dycn^eu.  Ivossrl  *  nht;nneil  a  run- 
odemhle  supply  of  luaterial  frnin  lar;^e  lampreys,  and  fnuntl  that  it 
CQQtaiiid  95-!)fi  per  ceiiL  of  water  :  this  ennlrastsstrnui^ly  witli  rai"tihi*j;e, 
mil  coiTes|Mjnds  witii  what  one  Hnds  in  nther  emhryiaru'  tissues.  The 
tliiount  of  ash  is  085  per  eent.  The  auiuind  of  ^dyen-ren  ennsUtiites 
bom  12  to  15  per  eenL  i»f  the  soHdn  present;  the  hi<^di  pereentJi^^e  i*f 
Uiis  Bubstanee  is  another  ft^iture  eojinann  ici  eudiiynuic*  struetures. 
Tliere  is  not  nnich  luiire  than  a  traee  nf  jimteid  nuitter  sc»luhle  in  water. 
Gelatin,  collagen,  and  mucin  are  all  ahseiit;  tfie  hulk  ivt  the  snlid  matter 
isiUi  ijisoluhle  prot4.ud  easily  tlij^ested  hy  artificial  ;xastric  juice:  it  yicUls 
no  RUgar  rm  treatment  with  nnncral  acids. 

Cartilage. — The  fnlluwin^^  analyses  hy  lh>pjfc-Seylcr  exhiliit  the 
idative  propnrtionH  of  the  eheniieal  c*nistitnenls  nf  hujuau  hyaline 
cartilage.     In  1000  jiarttt^ — 

Costiil  Cartilayc,  Aiti»  tiliir  rartilage. 

Water  .....         GTrcG  7359 

Solids  .         .         .         .         .         323*3  2G4-1 

Organic  solids         ,         .         301 '3  2487 

Inorganic  Bolids      .         .           22 -0  15*4 

Potassium  sulphate  (in  a  hundred  parts  of  jish)  .     liG'GB 

Sodium  sulphate                 „                 j,  .     44-81 

ScKlinm  chloride                  „                 „  .       6'11 

Si^iinm  phosphate               „                  „  ,       8-42 

CaJeium  piiosphate              ,,                 ,,  .       7 '88 

Maguesitira  phosphate         „                 „  »       -I'SS 

The   organic   solids   consist    in  small    ywrl   nf    tlmse    in    the   (^ells, 

whieh  ai*e  of  the  usual  pruteid  nat\ne,  tn;4clher  with  small  ^jurintitics 

ind  glycogen,  deuionstrahle  hy  nnero-chenncal  means;  b\it  the 

•  rtcent  estimatiotis  of  fliiorini'  in  boiir  hikI  X*^v\\\  by  f^inn't*N  riit^lbml  {Ctmi}*i.  mtd. 

ic,  Parift,  toil  J  e  c\lv.  ]x  7f»n),  sre  (iiibriel,  jittrhr.  /.  ftjtnL  ^.'ht-hf.,    WiritUiflm, 

S.  522;  atnl  \ViiATii|jel  111  oyer,  ibuL,  Bil.  xxxu.  8.  550. 
../-  Phvtiot,,  Uipyig,  1881 »  8,  lOf.. 
*./*  miicr.  AnntL,  Boun,  Bd,  xiv.  S.  54, 
ir,/.phtf0U>l,  Clutnu,  Strnssburg,  Bd.  xv.  S.  33L 
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great  bulk  of  the  Di'gamc  flolidB  is  flerived  from  \hit  matrix  f»f  the 
cartilage. 

In  fibrocartilag( .  tlie  hyuliue  matrbc  is  ])erva(le(l  L-itlH/r  Ity  whit-e 
fibres  (white  fibroca  tiltige),  or  hy  ytiUow  fibres  (yelluw  or  diiBtic  tihro- 
cartilage). 

In  contrast  with  true  bone,  the  aiialysiB  (liy  Fi'uiuy)  of  the  Ciilcitieii 
cartilage  of  the  ray  iiiiiy  bu  iiere  j^iven : — 


Ash  per  cent  . 
Calcium  phosphal/e 


5000  I   Calriuui  carljonute    .         ,     4"3 
27 '7     !   ^fagnesiuin  phospliatt*,  tmct-s. 


The  matrix  of  hyahiu  rartiUujr, — Tbeor^iiiir  Imvslh  of  tbe  matrix  was 


formerly  described  as 
collagen   on   boiling,  i 
Chondrin,  like  gelatin 
warm  water,  but  in  i 

Elementary  anal; 
crepancies,  and  Moro 
not  a  chemical  unit  bu 
has  been  more  recenlj' 
the  superintendence  I 

The  matrix  contaj. 
(3)  chondromucoid,  ai 
stituents  the  last  two,  with 


Ltl 


\m  ^1 'latin  in  nlitaiiied  from 
\\'{\  hx  lMpiliiij4  f'bmHlnti;t>iL 
I  it  boIuUhij  of  it  made  with 
ilillerH  from  gelatin, 
ver,  allowed  very  ^reat  dis- 
'  ennt^hisifJti  that  cbiiTidriii  is 
mmI  riitieiiL  Thii^  eoticTluHion 
Vlonier,'^  who  wnikefl  lOidi^r 

)  t  nlla|;eri,  (2 )  \\\\  allamiinuid, 
jpborir  aritl  Of  these  eon- 
■nllaj>eji,  lie  arouud  the  C<*1K 


forming  what  Morner  estlls  cbmidriii  f tails,  .liey  enrrespoud  tu  tiie  mucin 
of  Morochowetz,  or  hyalngeii  of  Krukenl}eri^%  and  are  e<d<iined  l^Iiie  bj 
methyl- violet.  They  he  iii  tbu  lue.^hoH  uf  a  network  c-omiweed  of  Cfilhtgeu 
and  mucoid,  which  is  Btainalile  l>y  trnjia-olin. 

These  four  const itiienty  may  be  Hejjaniterl  as  fi>lln\vH.  The  mue<>id 
and  chondroitin-sulpburie  aeid  are  disKolvetl  nut  with  0  2  to  0*5  ]M5r 
cent,  solution  of  potash  ;  tlie  culhi«ron  ii^  di^f^nlveil  out  Uy  liot  water,  being 
converted  into  <^elatiM  in  tbe  ]»nHx*8s:  tbeidlaiiiUHftid  remains  un^hwHulved. 

(1)  21ie  colUujcn  diJlurK  frutu  uidiiisay  collagen  in  only  containing 
16 "4  per  cent,  of  nitrogen. 

(2)  Tlic  alhwmmoijl,  whicli  is  fmiud  only  in  hitc  a<lult  life,  18  a  proteid- 
like  su])stance  of  an  iJiwoluble  nature.  It  contains  loosely  combined 
sulphur.    It  differs  frooi  elastin  in  it^^  high  ]jercentage  uf  Buljihur  (wee  p.  73). 

(o)  CJiundromucoUL — Thi.H  Hulistsmce  lias  the  folh swing  yiereentage 
composition  :—C;,  47  :.? ;  H,(r42;  N,  1258 ;  8,2  42:  O,  :31'28  (Mrirner), 
Tlie  suli)hur  is  loosely  combined.  Chdiidromucoid  gives  tlie  onliuaiy 
proteid  reactions.  On  deciaa]M initio ai,  it  yields  the  URial  decomposition 
products  of  ])roteids,  witli  ebniMlTMHij-siiIplnnic  arid  hi  iHlfbti<ni :  thifi 
latter  suljstaiiee  is,  on  further  decomposition,  broken  up  into  sulphuric 
acid  and  a  reducing  substance.  Schmiedeberg^  regards  chondronuicoid 
as  a  union  of  proteid  with  chondroitin-sulpburie  acid. 

(4)  Clunifl wit in-m1pJi}irw  acuJ. — This  substance  was  called  chondroitic 
acid  by  Ixideker^  and  Krukenberg^  (wlio  classed  it  among  his  hyalins, 


^  VcrhawU.  il.  nntvrh.-mcd.  Vcr.  zu  Heidelberg,  Part  f),  Ud.  i. 

^  Ztschr.    f.  pJii/siol.   Chem.,  Strasslmrg,  Bd.   xii.   S.  396  ;  Skandin.  Arch.  f.  Physiol. ^ 
Leij)zig,  13<I.  'i.  S.  210. 

•*  Arch.  f.  c.rpcr.  Pafh.  v.  Pharmakol.^  Leipzig.  1891,  B<1.  xxviii.  S.  355. 
*  Ann.  d,  Chan.,  Leipzig,  1861,  Bd.  exvii.  S.  111. 
»  Ztschr.  f.  Biol.,  Miinchen,  Bd.  xx.  S.  307. 


NEJiVOUS  TISSUES, 


'tS 


m  j».  64),  It  wan  first  prepared  in  a  pure  ('(iDilitinu  hy  Mi»nier,  and 
iy  tt>ii:itituti<*ii  ijiade  out  by  that  observer  auil  liy  Sciuuieiluberg.  It  is 
pBirtly  foiintl  as  Bueb  in  the  riirtilRginnuB  matrix,  hut  naj.st  originateB 
irom  the  deconiiwisitinn  of  ch(iU(huiniicoid. 

Momer  fduiid  tliat  the  sulplmr  in  it  was  all  in  tlie  form  of  ethereal 
'■"^  ,eii  siili>hate :  lieni'c  the  name  ehnndniitin-siilphuric  acid  It  is 
,  but  not  qtiiLe,  cbarai'teristiL*  of  c^irtila^e.  Monier^  Roparated  it 
fruai  twenty  ditTerent  varieties  of  cartilage,  from  eartihit^niiouH  tmaourH, 
and  iilso  from  the  tunica  intinia  of  the  aorta/^  but  frmii  no  other  tissue 
or  organ  nf  the  bod3%^ 

8chuiie«leberg  a8c*rilM;'s  to  it  the  fonoula  ^'iJI-iNSt  >j..  (hi  decom- 
pr«iLioti,  the  tirHt  products  are  sulphuric  acid,  and  a  nitrogunoui^  sub- 
ftonoe  ckojulroiiiiL 

(chouilroitiii&iil-  (watiii)  (jiulplnirk  (clujinhoiliu) 
lihuHcaciiJ)  at- id) 


a    nioniibtiHic   acid, 
nitrnt'cnuus    bodv 


called 


diondroitiii   is   a   gummy    material,   and 
tivilratton   it   yields   acetic   acid,  and  a  new 

C„H„NO„+;?H,(  i  =  ( ',H^(),+t.'„H,,N()„ 

(cliondroitio)    (water)   (juretie  iwid)   (clicmdnwiii) 

CUnmtlniHin  in  alwo  gunnuy,  and  a  umnobasio  ai'id.  It  redueea 
Fehlinjjj's  s<>luti«ni  even  more  Ktrnn«rly  than  dcxtr^jse;  it  is  dextro- 
iiitat*:»ry,  and  in  the  rediiehig  .sulistaure  wliidi  so  many  previous  eliemiKts 
hare  obtiiiiietl  in  an  impure  form  from  cartilaj;![e.  On  furLlier  dectmip<»si- 
tion  it  yielik  glyenroinc  acid  (see  p.  5)  and  glueosanrine  (see  pp.  9  and  75}. 


Nervous  Tissues. 

General  composition. — The  am<nint  tif  water  varies.  It  in  jueseut 
in  larger  junonnt  in  tlie  giey  than  in  ttie  white  matter,  \n  eiirly 
than  in  adidt  life,  in  the  brain  tlian  in  the  spiual  curd,  in  tlie  sinnal 
cord  than  in  nerves.  These  facts  are  illustrated  by  tlie  bdlowing 
Uble*:— 


Bwmrwa. 


Orey  matter  of  brain  \ 
White  „  \ 

Spinal  cwrd     , 
Nerves  , 


PKaciE.VTAOBa  or  Watkr. 


In  Pdjtua 


87-92 


(W.). 


S3 

m 


84 


(H) 

U'^) 

(MO 

8& 
70 

8H 

73-7B 

m 

64-72 

57 

(B.) 


86 
70 


\f.ph^doi.  fJlym,,  Rtnasslmrg,  18&5,  Bd.  xx.  S.  357. 
1  Lakartf,  F^rh.^  Bd.  xxix. 

Arch,  /,  e^er.  PtUh.  u,  Pharmacol,,  Leipzig,,  Bd,  xxxiiL )  stiUs  he  hiis  nltttiincd 
•  rexa  which  had  undergone  amyloid  de^ei juration* 

bovc  tabic,  (W.)rvf(M>Htii\Vebljafli  (llorriHUiiiti  "Ltliibiirli  d.  /mn  Iiidiic/"  Wicii 
I);  (H.)  t<J  Bprrihart  (GamgiV.H  'M^liyniMl.  <1n'm,/"  vnl.  j.  |,.  U'-} ;  (V,)  tt> 
4rch./.  iL  ff€S.  Phtmil.,  Bonn,  \'A,  vii.  8,  ^i\7);  (M.)  tu  Mol(?<r]»,at  (Cluiiles, 
hern*,"  p.  3^5)  :  and  (R.)  to  da  KLgibiis  {Jahresb.  it.  d,  FoifHchr.  d,  Thiers 
biiden,  Bd.  xiv.  S.  346). 
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Solids.— T\m  sou  Is  jjuiy  hn  divi<letl  ititn  tlio  fi>ll**\v]iip  eliisBes  r — 

(a)  PMiteiilH. — 1  leae  ctmipriHe  a  very  wmwitlentUle  iifiit'entage  of  the 
solids,  esjii'dally  in  ilie  ^rey  umlter  (f)V*?r  i^tO  jiur  eenL). 

(&)  N(  iirukuratiii  and  lUKjleiii. 

(c)  Phiisiilmmed  i^unatitueiitH ;  uHpecially  jirntaj^iiji  wwA  kritliin* 

{d)  Cerelirints.—  !^itn>geiniiiB  mihsbaucL*^  nf  unlciKiwii  crmatiiiitioiL 

{e)  Cholej^terin.- -Especially  abniula lit  in  wliite  iiiallfr. 

(/)  E\'tractiv(38.  —Creatine/  xantliiiR^^  hyiJuxiaiUiine,^  iiiosite;*  \i\vX\i\ 
acid,^  lent  ine,^  uric  i  cid,^  mid  tirea. 

{g)  Gt'latiii  and  baL^FmnJ  the  atlliereiit  cnniective  tisHiie. 

(K)  Iiiojv^anir  BiiitH.— Tlie  tutal  iiiiinjral  iiiatter  varies  iier.'nrdinjj;  in 
different  wiiterB  fioni  01  l^\  1  i>er  eetiL 

Geoghegan^  givea  '  '  *"  '  '  :8  in  partB  [ler  thmif<!ind  i>f 
brain : — 


Total  ash 

Potassium 

Sodium 

Magnesium 

Calcium 


\it 


o-i 

to  1-2 

O'U 

„  li-() 

0-2 

„  0-7 

01 

„  0-2 

0-01 

„  009 

The  ^^\\'S  niattei'  ,  i^er  Ln  he  rieher  in  tntal  ash 

than  the  \v!iiti.\  hnt  jk  ih:     etruWHky,  on  tlie  nlliur  hand, 

found  more  ]>hipHphateH  in  \  w      »!  nialter. 

The  folIiiwinL,^  table  gives  snnie  iy]>i('..,  ([uantitaiive  aualyH^js  which 
have  been  m;ide  nf  tlie  prupiatiou  in  whitdi  the  piinfijial  tiolida  uecur  in 
different  nervoiia  titruotiirou : — 


I    Portion  of  N^^rvoiiii 

I  Systwiii. 


Grey  niatt<  [■  [if  ^\ 
brain  ^ 

White  matter  uf 
ox  brail)  ^ 


Pmkiii*. 


Spinal  con  I  * 


Human       j^rmtit: 
nerve " 


55 -ar 

21-72 


Li'CitliMi. 


IT '24 
9  110 


111  Ml  FllL 
IS  US 


32*57 


t-'i^rt-"  brill!*. 


O'fiS 


Kfiini' 


OUiPt 


&  5 


ti  71 


7G'l 


\r^      ,      11-30 


3-07     I      I'ft 


S;iLtii. 


1  45 

0*57 
II 


The  (juantitative  work  I^  have  done  on  this  (piestion  may  l->e  suin- 


^  Miiller,  Ann.  <l.  Chcm.,  Leipzig,  Ikl.  ciii.  S.  Ml;  Stiideler,  Journ.  f.  xirakt.  Chan., 
Leii)/.i«;,  lid.  Ixxii.  S.  250. 

^  St.-uJeler,  Ann.  d.  ('hrm.,  Loii)zig,  Bd.  cxvi.  S.  102;  Scherer,  ibid.,  Bd.  cvii. 
S.  314. 

^Miiller,  Av.  rlt.  ;  seo  also  Strecker,  Ann.  d.  i'hon..  Leii>zig,  Bd.  cv.  S.  316. 

*  Ztschr.  f.  phnsiol.  ('hem.,  Strassburg,  Bd.  i.  S.  330. 

^  I'etrowsky,  li>c.  cif. 

^  Moleschot:!,  loc.  clt. 

^Josephine  Chevalier,  /Aschr.  f.  phf/sio/.  ('h<m.,  Strassbnrg,  lid.  x.  S.  97. 

*•  Halliburton,  Joum.  Phiisiol.,  Cambiidge  and  London,  181>3,  vol.  xv.  p.  90. 
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fit 


'*'!  m  the  tollowiiig  Uble  of  mean  jinjilyHes.     The  tvrgans  were  from 
Lit  human  l>eiug3,  dogs,  e4itH,  ami  lULmkeya : — 


WatRr 

!^)lidg. 

(ffProU'iils 
In  »uliili«. 

Grey  matter  of  cerebrum    . 

83-467 

16-533 

51 

White    „                „          .         . 

69 "ST  2 

30-088 

83 

Cerebellam        .         ,         .         . 

79-800 

20-191 

42 

Spiiuil  cord  m  a  wbol^ 

7ri]4l 

28-359 

31 

Cerrlcal  cnnl    .        .        .        , 

72-529 

27-471 

31 

Dorsal  cord       .... 

G9-756 

30-245 

28 

72-639 

27-631 

33 

Sciatic  neires  .... 

61-316 

38-684 

29 

Tliift  t^ible  illustrates  the  fart  that  the  aiiioinit  of  <i\Qy  matter^  of 
water,  jiiid  the  perf^entage  of  prott-iil  iii  thu  snliilH,  vary  iliii'i-tly  the  iine 
with  the  other,  Thii5  ih  very  well  seen  in  the  dilTerent  regions  of  the 
spnal  cord.  Tlie  pereentage  of  ]>roteifl  in  the  white  matter  of  the 
bnin  is  a  little  higher  than  in  tlie  spinal  cord ;  thift  exeepti<m  is 
jjerhapa  to  l>e  explained  hy  tlie  high  ]»erueiitage  i»f  neurokeratin^  in 
wiiite  matter,  which,  aeeurding  to  tlie  methods  nst^d,  woid<I  he  in(  hided 
T»1tfi  the  pnvteidB. 

Rtojciitm  o/ncrvom  /iAWA^.-^Hei<lenliain^  auil  (Jschuidlen'^  state  that 
the  normal  reaetion  of  the  axis  cylinder  is  alkaline  :  on  death  or  on 
long*eoiitiiiued  activity  the  reaction  heeomes  aeid.  They  ftnlher  state 
that  the  <c^y  itiatter  is  acid  even  thuing  life.  n.  LingeiKlorlV*  foinid 
the  reaetif*ii  of  the  central  iiervuus  wystc  in  alkaline  dm  iiig  life  ;  the 
tlkalinity  mpidly  diminisheH  after  death,  or  on  stoppage  of  tlie  circnla- 
tiniL  S.  Molenchott  and  Battistiiii '■  found  huth  ceiitnd  and  peripheral 
pt*rtii)ns  of  the  nervous  system  acid,  es]tecially  the  grey  matter;  this  was 
increased  by  activity. 

In  niy  own  work  I  found  in  animals  that  the  fresh  tissues  were 
invariahly  alkaline,  hut  they  Iver^unc  raj>idly  a<-iil.  espcf  ially  tlie  grey 
matter.  In  the  human  hrains  I  received  fn»m  the  post-mnrteni  rnnm  tin; 
reaetion  of  tlie  grey  matter  was  always,  cd"  the  whiti*  matter  nften,  ac  id. 
Thia  I  put  down  to  changes  after  death,  fm'  at  It-ast  twenty-four  hnur.s 
bail  always  elapsed  since  dcittli. 

Tlie  acidity  is  due  to  lui-tic  aciil  ;  hut,  at  raiding  to  Miiller  and 
(j0ehei*llen,  it  is  n<^t  sare^daetic  acid  but  thi^  l'crmcnt^itif>n  laitie  a{-id 
^optically  inactive  ethyhdcne-lactic  acid),  Midler  also  ohtaincd  traces 
"  fomue  acid. 

Proteids  of  nervous  tissues. — Tlic  large  quantity  of  theNC,  espeei- 

!  perccfitAge  of  neurokeratin  in  in  grey  iimttcr,  0*3  ;  in  wliito  niiittor,  2-2  to  2'9  ;  and 
,  0^3  toO-<f  (Kidiw  ftiid  Cliitttndun,  ZMtr,f.  Bio/,,  Mnnilita,  Itil  xxvi.  S,  291). 
_  4mihL/,  d.  mciL   in^n^ch.,  Htrliti,  186S,  S.  833. 
ifth,f,  d,  yes.  FhymoL,  Ikmn,  Bd.  viii,  S.  171. 
^  Ktvtrot.  OtnUmild,,  Lcip/i^',   1885,  No.   II  :  raUntlhL  f,  d,   woL  WLviai^dt,  Kiiliii, 
5,  No.  26. 
'  Arek.  iial,  de  bhl,  Turin,  vol  viii.  p.  m  ;  i'h:.,H.  Vintr.nL.  Li\[v/V4„  ISS?,  S.  1221. 
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ally  in  the  grey  ir  itter,  lias  been  already  alluded  tn.  Petrnwsky,  in 
the  investigation  ust  uieiitinued,  deeeribes  a  i^luj>uliu  suiuewhat 
resembling  myosin,  niul  an  allmmiii  espeeijUly  abundaiit  in  grey  matter 
which  is  coagulated  nt  a  teinpt^ratine  \A  Tfi*^  (I  Kanaii^turk/  in  a  inure 
recent  research,  spe  kei  of  the  ebief  prateid  matter  in  nervnii^  tisHue  an 
resembling  casein ;  IiLh  is  m>,  ftir  it  is  a  nueleo-iiroteid.  Jly  own  con- 
clusions* on  the  subjeet  are  a.s  follows: — 

The  proteids  pr  sent  nie  three  in  nvnnber.  Tlie  first  ih  a  glo}>iilin, 
coagulated  by  heat  at  47  C,  and  fiualogouK  to  the  rell  gbdndin  ileriv- 
able  from  nearly  all  eellnlar  tiseaeH,  The  seeund  and  must  alanidant  is 
nucleo-proteid.  In  a  valine  extract  of  nervous  tissues  it  in  mixed  with 
the   other  proteids;    attempts   to  prepare  it   by  the   sodiuin-cldortde 


method  failed.     It  m. 
precipitating  an  aqne 
dridge's  method).    Tli 
is  coagulated  at  56°- 
gives  the  general  rea 
coagulation  included, 
heat  at  70°-75°  C,  a 
liver  cells  (see  p.  8(1) 
obtainable. 

Protagon. — In  ti 
a  material  he  called  p 
by  baryta  water,  it  yieluea  \ 


\vct}A  in  large  (|aantities  by 
liy  %veak  aeetie  aeiil  (U^ Mil- 
an white  matter  is  ^malb  It 
per  t  ent.  uf  f!hi»sp}Mjru.s,  and 
i,  proi bastion  of  iiitravuMoidar 
s  a  irlnbulin,  t*oa isolated  by 
ilar  globidin  sopamble  frouj 
lyoBin,  and  aUMMoin  are  ntit 

Ir' Reparated  from  the  brain 
mnd  tliat,  when  deenmjMised 
1  acid  and  gljt'ero-pboRjihoric 


acid — and  a  l)ase  cbi»line. 

Hop])e-Seyler,  and  Diafunow  ^  wf irking  under  Hoppe-Seyler'n  direc- 
tion, denied  the  exi^teneo  of  this  subytiinee,  and  emisidered  tliat  it  was  a 
mere  mechanical  mixture  of  lecithin  with  a  nitrnirejiotiH  Hoii']>bos]dir(r- 
ised  substance  called  cerebrin,  niaeonow's  analys^es  wore,  bnwovt^r,  F^r 
from  convincing. 

The  subject  w^ns  taken  nj)  in  this  lountry  liy  (lanigee  and 
Blankenhorn,^  who  showeil  that  \m)U\^^\\\\  is  a  ]H'rfeetly  didinite 
crystalline  substance  of  enn.Htant  elementary  (*oinpnsitimi.  Tla^y  alno 
showed  that  even  prolonged  treatment  with  ^(k■l^lllll  and  ether  will  not 
extract  lecithin  from  jirritagon,  ;is  alleged  ]>y  IMatnnnw.  Whrn  ftrntagon 
is  digested  with  alkidis  it  yields  eerebrin  or  eerebrjns,  and  the  decom- 
position pioducts  of  leeithin.  This  work  bus  been  ('ontirna*d  by 
haumstark,^  liuppelj  and  KoshoI  ami  Freytag.'^ 

Protagon  is  pre]>ared  aw  follnws : — The  brain  is  iligestod  with  aloutuil 
at  4o  (.'.;  the  extract  ik  liltc^ii'd  w?Hin,  and  moleil  to  0"  V.  \\  \\w\\ 
deposits  a  white  |)rucipilalu  **t  pioUji^uii  iiii.-woU  vvilh  olii/icnuciui,  >vJjtoh 
is  (lissolv(Ml  out  by  means  of  ether.  The  protagon  is  dried,  redissolved 
in  warm  al(M)h()l,  and  crystallises  out  on  cooling.  The  empirical  formida, 
calculated  from  their  analytical  results,  is  given  as  C„ 
Gam  we  and  lUankenhorn. 


-^160^308 


N,P03.,  by 


>  Ztschr.f.  pJn/siol.  ('hr,».,  Strasslmr^',  Bd.  ix.  S.  M5. 
'-  Jnurn.rjiji!<!nJ.^  ('aiiil)ii(l^'<' and  London,  1S«J3,  vol.  \v.  p.  100. 
'■^  Ann.  d.  C/irm.,  I/'ipzi^',  ]><!.  cxxxiv.  S.  29. 
^  (Vntrolld.f.  (l.  innl.   Jrissnisch.,  Herlin,  1S6S,  S.  07. 

^  Jotira.  r/ii/si'id.,  Ciunlnidgo  and  TiOndon,  vol.  ii.  p.  113  ;  (Jamgoe's  "  riiysiol.  Cheni.," 
vol.  i.  p.  .1-27. 

*^  Z/schr.f.  plnfsioL  r/inn.,  Strassl)urg,  IM.  ix.  S.  320. 

■  Ztsihr.'j.  Iltol..  iMiinch.Mi,  lid.  xxxi.  S.  SO. 

^  Ztsdir.  f.  }>]iitst<>l.  ''/ifin.,  Strasshnrg,  Kd.  xvii.  S.   l:*l. 


THE  CEREBRINS  OR  CEREBROSIDES. 
The  percentage  composition  is  seen  in  the  follow ing  table; — 


"9 


f 

1 

LiiMbiacB. 

Gamqkr  akj> 

Bavmstaak. 

K  UNA  EL. 

Rt^j'PKli. 

CALClfUATRD 
rHQU 

Ox. 

Hutii&n. 

H          . 
X 

I*"     • 

1°  • 

6674 

11*74 

2  SO 

123 

66-30 
1069 
2  "39 
!068 

10'462 

6d>4S 

11'12 

2  3S 

102 

1S701 

66-25 

1113 

3  25 

0-97 

0-51 

66^29 
10-75 

ri3 

0  090 

66-51 
10-88 

1*138 

66*45 

10*6(i 

2-42 

1  or 

19*10 

An  elaljKinite  research  liy  Tliudichuiii^  led  liim  to  the  conclusion  tliat 
Uiere  are  three  gi'oups  of  phosphoriwed  sultHtanceH  in  the  brain,  whi^-h  he 
teimed  kephalines  (very  Hrduble  in  ether),  niyeliiiea  (Ic^ss  soluhlc  in 
ether >,  and  lecithins  (characterised  hy  tlieir  cxtrenic  instahility).  In 
ewih  of  these  ill-defined  j^n*nnp8  Hcveral  iiieiohcrrt  with  tfn^ir  cinpin'cal 
formube  are  descriijeiL  TfoidicfiunfH  work  has  hecu  bh  far  cnnHrmed 
by  that  of  Kossel,  in  that  he  han  nh^iwa  tfiat  jantH^^un  in  not  a  .single 
flttbstanee,  but  that  there  ib  more  than  one  protiigoii.  They  yield  either 
one  or  two  or  [jcrhaps  three  derivatives  (ccrclinisides),  called  eere- 
briu,  kerasin  ur  honiocerelirin,  and  enccj^hahu;  and,  further,  prohahly 
several  lecithinn  are  ohtainahle  fmni  the  dih"<Ment  prniat^rtm.s.  The 
confltitutiuu  %A  lecithin  in  diacui^Hed  un  p.  lili,  an<l  there  it  will  he  ncen 
ihat  the  existence  uf  Heveral  lecithins  {Ix.  contaioint^  dinercnt  fatty  acid 
nuiicles)  is  mooted.  The  protagoriH,  accnrditig  tu  KoshcI,  rcj^cnihle  each 
other  in  the  following  points  : — 

L  They  cfintain  carbon,  hydrogen,  nitrogen,  oxygen,  and  ph<>sphorns. 
Elementary  analyniB  given  iiractic^dly  the  mmn^  results  ais  those  itbtniocil 
by  other  ul>8ervei-8.  But  the  existence  of  H^llt^l^u■  in  souie  varieties  of 
protagon  is  a  new  point. 

2.  By  oxidatiun  with  nitric  acid  tfu'y  yielil  liiglier  fatly  acids  (palmitic 
and  stearic), 

3.  By  the  action  of  boding  sulphuric  or  hydrot  hloric  acid  w  icdncing 
cartNihydrate  is  formed. 

4.  By  tlie  action  of  alkalis  they  yield  rcrebni.sidcs  (bivna^rly  called 
oerebrins). 

5.  The  cerebrosideB  are  the  Hoiui'e  of  tlie  reihiuing  carbohydrate 
mentione^I  above. 

6-  The  carbohydrate  formed  is  galactose. 

7.  Other  decnnipositiou  products  of  xXwy  ccn-brnsitli's  are  aioionnia,  and 
a  cnniplex  material  which  on  fusion  with  ixttsisfi  yields  higbcr  fatty  acids. 

The  cerebrins  or  cBrebrosidea, — Those  substnores,  tbc  glucoside 
cniLstitution  of  which  has  just  l»een  alluded  to,  form  u  group  of  ill- 
d^tined,  nitrogenous  substances,  existiug  espceinlly  in  tfie  white  sub- 
aiaiice  of  nervous  tissue,  aiul  also  in  the  yolk'  of  egg,  ])us  corpuscles, 
and  spleen  cells.'^ 

^  ^.  M^L  Off.  rnrif  Cim7t4'if,  Lon^lcm,  ]S7t,  p.  11;]  ft  Sfq. 
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Miiller^  obtaiu^  I  cereLiiii  lij  rubbing  Imiin  up  with  L>aryta  watc*r, 
80  as  to  form  a  mi  ky  Huiil ;  this  is  liniled,  and  tbe  resulting  (i^mgultim 
extracted  with  boilii  l(  alcnbol ;  on  ormling,  tbe  aleohtiUii  adbitinn  (lejio^ite 
cerebrin  and  cholest  rin.  Tbe  bitter  i.H  removed  hy  etbei'^aml  tlie  ffirmer 
is  pm'ified  by  repeat  d  erysUilli^ittion  frnin  Imiling  uleofird  Ae-eiirdin^  to 
Miiller,  its  formula  is  (.'iyH.iyN(.*3 ;  aecnrding  tn  IVrt'us,^  ^'w.HifuJ^^O,^, 
Parous  also  obtained  two  c»tber  similar  snhstan*'i\s  (btfOHH'orLdM'iri  mid 
encephalin)  with  difl.n'eiit  foruiuke.  Adoptin^r  a  ^li^ditly  dillereiit  wmlnH 
ojjenmdiy  Geoghegan '  olitained  a  sul>Btance  witli  the  f<H'mida  C.,;llj„^%02^, 
Thudichum*  sepan.ied  three  cerebrins,  wbieli  be  iiained  cerebri n 
(C34HfleN208),  phreijisine ^  (C3^H^N«.),),  aiicl  kerawiiie  (C^,Hrt^NU,;K 
Gamgee^  found  that,  wliile  protaj?i>ti  camiot  be  neparated  hy  l]w  ttiiiiple 
action  of  solvents  into  ^'^-  uy^i  ^uelt  iHHi-pbo^jihoriHed 

substances  do  exist  b  in,  and  one  wbieh  be  ealled 

pseudo-cerebrin  (C44I'  lod    from    jtrftUigon   by  tlie 

action  of  caustic  baryi 

The  fact  that  the  **8  wnn  known  to  LielvreichJ 

Diaconow,  Otto,^  Ge  im,^"  l>iit  it  wan  only  witliiii 

quite  recent  years  i  ^iitifieti  as  galactose,  almost 

simultaneously  in  thii  ^ny}^ 

The  most  recent '  bat  by  Kossel  and  Freytag/^ 

who  adopt  the  very  ^rebrowideB  for  these  bodies. 

They  find   that   thes.  ^.-i*Htiluents  of   the   medullary 

sheaths  rather  than  ot  me  rs.     Tliey  have  esjieeially  worked 

at  two,  which  they  obtaiTieu  *.  .i^onipfJKition  of  pr<itagon  riy?^tals, 

namely,  cerebrin  and  kerasin.  The  analyses  of  %h^m  agiee  very  well 
with  those  previously  i)nbli8hed  fjy  Tiiudiebnm,  PareuR,  and  othera 
Their  molecular  weiglit  wa8  investi^^ated  by  lieekmajin  h  boiling  method, 
and  by  the  examinati*>n  of  tlieir  hirium  and  bromine  coniimunds.  By 
treatment  with  nitric  a(ud  they  yield  not  only  (falacto.se  but  also  a 
fatty  acid  recognised  a8  neuntstearie  aeid  by  Tbndichnm,  and  correctly 
analysed  Init  not  idenLilied  by  Miiller.  It  is,  in  fact,  stearie  acid,  three 
molecules  of  which  are  framed  from  cerebrin  for  every  two  atonuH  of 
nitrogen.  From  all  these  ennwiderationR,  tlie  formula  given  to  eere- 
i)rin    is    C;„H,4„X.,(3,3,   and    to    keruHiu   (the   humocerebrin   of   I'arcus), 

Similar  sul)8tanccs  occur  in  other  parts  of  the  body;  thus  two 
se])arated  from  pus  are  named  pyosin,  Q-yHnoNgO,.,  or  C^HiioNaO,^, 
and  j>//(»!/firifi,  ^'o2^^\2r^-jPi9-  These  l)odies  and  similar  ones  separated 
from  testicular  cells  are  components  of  the  cell  protoplasm,  not  of  the 
nucleus  (Kossel  and  Freytag). 

'  Jnn,  d.  C/irm.y  Lcij.zif,',  Bd.  ciii.  S.  131  ;  cv.  S.  301. 
'^  Jourv .  f.  prakt.  CJtr.m.^  Loipzij^,  VA.  cxxxii.  S.  310. 
•'  ZtHchr.  f.  jJn/siol.  ('hem.,  Strassltiirg,  Hd.  iii.  S.  332. 
■*  Loc.  n't. 

•'  For  recent  |Ki])ers  on  phrcnosine.  see  Tlin<liehuni,   Jov/ni.  f.  ])7'(rhi.   Chcm.,  Leipzig, 
P»d.  liii.  S.   10  ;  Kossel,  Ihul.,  1890,  Hd.  liv.  S.  21;'). 

'=  Lnc.   Cit. 

'  rirrho>r\s  Archir,  lid.  xxxix.  S.  183. 

^ //>/./.,  lid.  xli.  S.  272. 

•'  (Jeoi^lie^^an  stated  that  the  rednein<^  .sul»staneo  had  tlie  formula  Co^II^j^O.  ;  lie  tinned 
it  eetylid  ;  cetylid  was  no  doul)t  a  mixture  of  galaetose  and  fatty  aeids. 
^"  Journ.  f.  jiralf.  Chrnt.,  Leipzig',  lid.  xxv.  S.  2:i. 
"  Thierfclder,   Zhrlir.f.   p/n/sio/.    C/irm.,    StrassllUl•^^    lid.    xiv.    S.    209;     lirown    and 
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The  comea*  — A  tliooHainl  parts  of  corneal  tissue  contain  242  of 
ftklids,  of  which  204  ciaiKiiit  uf  crplliigei^  2rt  i\i  otlicr  nrj^iimc  matters,  and 
10  of  %Bh} 

TJie  erroneous  idea  tlmt  the  Cfirnea,  Hke  i'artila|(e,  fnutainH  a  speeitle 
sulistanee  ealleil  ehondriii  (MiillerK  was  first  conihated  by  Mnniehowetz,- 
fliii  showtnl  that  ehomlrin  here  as  elsewlicre  is  a  niixturti  uf  gelatin  aiitl 
imticinoiil  luaterial  This  latter  HiiliHtaure  is  Mamtnl  liy  C.  T.  Morner/ 
com^-mneoid ;  its  perceat-Jige  eorajHtsitinn  is  C,  501  tj;  H,  6"97  ;  N, 
12*79;  8,  ^OT  ;  U,  280L  It  resenililes  ntlter  imirnids  very  closely  in 
ite  properties  (see  p.  Ku^\  The  gelatin  nliijiui4"d  from  the  collagen 
resembles  tliat  fnimd  elsewhere.  The  same  macnid  and  collagen  are 
pre*?ent  in  tlic  sclerotic. 

I>e8cemet*8  memlirane  is  resistiiat  to  reagents.  Jlonier  terms  its 
chief  coiiB  tit  lien  t  mtmhmmn.  It  Ijelojigs  to  the  nuicoid  group*  Tlie  lens 
<iptiile  has  a  siniihir  chemical  stra<-tare. 

The  choroid  and  iris  are  priiadjudly  nf  clit'oncMl  interest  frraa  con* 
fining  the  black  pigment  which  in  identical  with  nr  neatly  rclateil  to 
that  iu  the  pigment  layer  uf  the  retina. 

The  retina. — Calm  *  gives  the  folluwinj. 
CdOij^MiRition  of  the  retinae  of  geese : — 

Water 

Solids 

Proteidfl  (glohuHn  coagalatiiig  at  50    V. 

albumin  and  mncia  (1) )  . 
Gelatin        ,         .         ,         . 
Cholesterin ..,,.. 
Lecithin       ...... 

Fftt 

Salta 

Tht  pigmrnh  of  the  rdina. — Tlie  hbtrk  pigmrot  nf  the  n'liaal 
epitheliuni  is  called ///.v///.  In  sume  aninaals  the  epitlielinm  is  free  fruai 
|»igiaent  in  pirt ;  tliis  cuustitutes  the  ttipthnfi  /tfrit/tfttf,  la  sniia^  lish  lids 
oontainA  en^stals  of  giianiiH^;  in  the  ox  and  shcei)  it  docs  nut.'* 

Fh^ih  in  r*ne  uf  the  gnaip  uf  hlack  pigments,  termcil  wfi^fulifti.  It 
was  investigated  hy  ISerzelius,  ami  hy  Ileint^,  who  fcnrnd  it  citntaiuetl  a 
flUuUI  qnantity  of  hon,  hy  Scdiercr,  whu  funml  nu  irun.and  alst*  hy  Itnsuw 
and  i>ieber.  The  jiercentage  ruin]M]sitiua  ohtaiacd  hy  the  variuus 
obeerv^ers  shows  gi*eat  iliscrcjmnciesjiad  this,  taken  intu  accuant  with  tlieir 
meth«Ml8  of  preparing  the  pigment, renders  it  ])rcthal)le  they  were  dealing 
with  inipnre  sidiHtances.  Tlio  fail  are  to  fiml  iron  was  due  Iu  the  fact 
that  hydroehlnric  acid  was  empliiyed  at  fnic  stage  nf  the  i>p(^ratiuas, 
and  this  dissulves  out  nine-tent  lis  of  the  irunJ' 

*  Hi«,  quot4?fl  hy  Gaiugt'o,  **  Physiol n^ral  CheniiatiT,*'  vol.  i.  p.  Ifil. 

*  Vtrhaiuii.  d.  naiurh.-mtui.  l^tn  zti  IIcliicfhfTff,  |iL  5,  IkJ.  i. 

*  Ztiirhr,  f.  phifsiol.  Cht'm.,  HinasahnT^.  14<1.  xviij.  S.  213, 

*  Hot»pe'8e>icr,  **  Physiol.  Clieni,/'  8.  tmK 

*  Ktlttno  And  Scwall,    rerhand/.   iL    iwfurft.-mrtl.    /Vn   xh  H*iih'Jhrfui,   N.  F.,   fM.   ii. 

*  K.  A.  W,  Monirr,  Zt.*e}iT.  f.  phptfioL  Chtiw.,  StrriHHtmr^,  \Ul.  si.  S.  VS.     Th<;  lii^^RHTit 
»•«  «L'iii  of  iiogrocH,  and  in  mpfaEotic  sau'omata,  is  rlnH<!j  jiHirrl  tvi  riis+ciii.     It  iijipcarH 

iron.      Ill  jjw]iiimiir  siir<"oniatJ»^  lU>nl<'/t  ami  Nrinki  n  Mina  tht*  |»i*<^ntria.  nhrnia- 
I  of  horups,  liipjMjTiicliijiin,     The  Hiihjert  •>£  iinlaiiin  in   t(n'  rtiiin'  has  lirrii 
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May's  method^  f  preimiiiig  fuseiii  Ls  to  Iwjil  retiiui'  in  aleuhul,  then  in 
ether,  lastly  in  wate  Tlie  rei:*itlne  ii^  then  Buli^jecteil  to  tryptic  iligef^tioiL 
Three  things  remaii  iiiKligestetl ;  nf  theHe  imelein  Ls  got  rid  of  liy  tritura- 
tion with  alkali;  t  it*  siit'oml,  tieur«jkemtin,  must  (hi  pick«tl  uut  with 
forceps;  the  third  i^  the  piginetiL 

Fuscin  is  slowly  ileacljeU  in  tlie  air;  it  iliBsolves  by  boiling  it  a  long 
time  with  concentre  ed  suliihuric  acid,  or  caustic  alkali?i. 

There  is  a  con^  deralilc  <lt>ubt,  aw  in  the  caae  of  otfior  iiiehxnins, 
such  as  those  in  tfio  nkiii,  whether  ur  not  it  is  derived  from 
haemoglobin.*  Krii\eiiber«^  coiisiiierH  it  i.n  more  closely  relate*!  to 
the   lipochromes.       It   in,   hnwover,   undoubtedly   mtrngeiiouH.      It   \% 

of  tht3  giimp  of  pignieuti!  <>c:t*umng  in 
»pc-8ey ler,'  Fiinee  on   fusing 


certainly    not    a    uicuibrr 
plants  named  hummii 
with  alkali   it  yields 
chief  interest  of    i\m 
Such  problems  as  itr 
and  its  relationship 
under  "  Vision." 

Visual  purple   o> 
knowledge  of  visujil 
reagents  such  as  solu 
passes  through  a  yt . 
rates  at   different    tei 
that  spectroscopically  id  c 
spectrum.     It  is  dcJ4trnyp<i 
alkalis  and  acids,  hut   Unt 


jnntneatecfniio  acid.*  The 
c  hei  oiLVfil  1  tut  i^liysi  <  th  ^t^ical 
mulcr  tlie  inltuejice  of  light 
of  the  rods  will   be  treated 

iHsesB    very    little   chemical 

I  it  to  be  Huluble  in  certain 

II  t )  1  e  pr I  Tcesf^  t » f  1  il  eac  h  i  n  g  i  t 
leaching  uccurs  at  ditVerent 
trcreut  eoliuned  lights,  nxid 
cou?«ideriible  ]i*irtiun  of   the 

.,jer,  cliloroforni,  and  Btrong 


'ei 
by   aiL-nno], 

by  iniiHt  oxidiHiug  agcutK.  It  is  per  ha 
related  to  the  li]>»H  hrnuics.  TIk*  gicco,  yelbiw,  and  red  iiigraeiits 
(cJiromopJiancs)  of  the  nil  ih">|ileLs  io  the  couch  nf  lardw  are  undiUibtedly 
li[)ochromes  (see  p.  2tl). 

The  aqueous  humour  is  lytiiph.^*  In  ]mrts  per  lOUO  it  ciniUiiiis; 
water,  986-87  ;  soliils,  lol-l ;  ptoteids,  1-22  ;  extractives,  421 ;  inorganic 
salts,  770;  sodium  chlnride,  0%S9."  It  does  not  (*lnt.  spiuttaueouHly^  luit 
does  so  on  addition  of  senmu  The  proteids  in  it  are  filuiiiogeiu  Beruni 
globulin,  and  seruin  albundnJ  Knlinc'^  baiiid  a  reducing  substance 
anuuig  the  extractives.  This  is  not.  sugar.  Urea  and  Sitrcrilaetie  acid 
are  also  lacscnt  in  stmdl  qoaiititit^M/* 

The    vitreous    humour, —1' he  oiembranes  <if  the  vitrcoun  huiumir 

woikril  at  ospcciaUy  by  v,  Jjikseli,  TIir  foUnwin^r  tvw  n'lVnihi'ji  lii  the  |M'ljhip3i]  {in|>t'rM 
on  the  sultject  : — Miirinr,  foe.  fiL^  'A\m  ihiti,^  Bil,  ,\ii.  8,  *1'1*^  ;  Ni'iirki,  Arch.  /.  trprt, 
J'((Jh.  H.  Phannakol.^  XA[m)*,  VA.  \k\\\  H.  17,  ^^7:  ihr,ti^  ^'t>tff\-/lf,,  Lcffvyf*.'.  is.SS, 
S.  r»87  ;  HijukU  and  ricillii,  ZUch-r. /.  JJiijl-.^  iluhi-liuii,  JJJ.  A.^vi.  6.  Ji;^ ,  v.  J<ik^oh, 
ZtMchr.  /.  2)h}/KioL  C/icm.,  Stra.ssburg,  Bd.  xiii.  ;  Al>cl  and  Davis,  Joum.  Exper,  Med,. 
liaUiniore,  1890,  No.  3,  vol.  i. ;  Scliniiedeberg,  Arch.  f.  e^'jyer.  Path.  u.  Phnrmakol.^ 
Loii.zi.i^,  1897,  Ud.  xxxix.  S.  1. 

*  UnUrsiidi.  <t.  d.  ]>hyslol.  Inst.  J.  Univ.  Heiddhcnj,  Bd.  ii.  S.  324. 

-  Deh'-jiinu  lias  even  sii;,'gested  that,  in  the  ease  of  the  skin  pigment,  liaMnofjlobin  is  derived 
from  it  {l'ro<-.  J*hi/si(il.  Sor.,  London,  Dec.  13,  1890,  ]k  xxvii.).  Abel  an<l  Davies  (/or.  a't.) 
have  recently  stndied  the  ]>igment  of  the  negro's  skin.  The  granules  eontaiu  inorganic 
matter  as  well  as  jiigment.  The  latter  eont^iins  the  merest  traee  of  iron.  They  conclude 
tliat  it  originates  not  from  haemoglobin,  bnt  from  tlie  i)roteids  of  the  tissue  juice. 

-^  Zlschr.  f.  phiislol.  (.'he in.,  Strassbnrg,  VA.  xiii.  S.  GO. 

•*  HirsehlVld,  ihid.,  Bd.  xiii.  S.  407. 

^*  ('havviis,  Airh.  f.  d.  (fr.f.  PJtijsioL,  lionn,  I*>tl.  xvi.  S.  113. 

♦^  Lr»hmeyer.     See  (lorui.-Besane/..  "  Lehrbueh,"  4th  editi(m,  1878,  S.  401. 

'  Fiiend'and  Halliburton,  Rtp.  llrit.  Ass.  Adr.  .SV.,  London,  1889,  p.  13U. 

'^  An-h.f.  d.  <irs.  PhtishL,  Bonn,  IM.  xii.  S.  -JOO. 

'•*  (Jrunliagen," /7//^/.,  Pxl.  xliii.  S.  377:  Pant/,  Ztschr.  f.  Jh'oL,  Mtlnehen,  Bd.  xxxi. 
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rieM  gielatin.  Its  chief  canst jtnetit  ih  iiiiK-in,  or  iniifiino^'en  (Vinin^), 
callt?<l  inuL'oid  liy  U,  T.  Mdiiier.  Act'ortliiig  tt>  tlie  latter,  tliiw  hiu<'ni<l  con- 
tdijig  12*27  nitrogen,  anti  I'lO  aulpluir,  l>er  cent.  Tliere  are  also  Binall 
fiaiitities  of  proteid.  Kctereneea  to  the  papers  of  Ytmng  ami  Moriier, 
ihe  most  recent  worker's  on  thi.n  Bnhjeet,  will  Ite  fonnd  on  p.  62. 

Ill©   lens.— The    folluwinij;    are    fclie    ret^iilts     nf     LaptwelnuMky's  ^ 
analyses  :^ 

Water . 
Solids  . 
Proteids 

Ivpoitlun 


63-50  fier  cent. 

Ch  oldster  in  - 

.     0-22  p(*r  cent 

36-50      „ 

Fats 

.     0-29      „ 

34-93      „ 

SalU* 

.     0'H2      „ 

0-23      „ 

3,  of  ittutliDpljaiiie  tii  etlier;  4,  nf  rhoHloplnuie  in  lurijeiUiijf  ;  X%,  nf  » hkin.|4mne  in 
ether.  This  diagTaiJtinatic  wny  <"f  n'prfHf iiUjj«  nl!isorj>tioji  w|i((  tra  iinlirritrH  tljt;  lliirk- 
ncfls  of  tit*  almnqilion  hmjiN  in  f^'iliilioiin  nf  <[itr(i"ri'nt  Hln*ii>;lliH  :  tin-  \s\y  of  ijn  li 
vpectnim  nbown  the  thicknt-jis  nl  the  hands  \\\  a  ([ijiitf?  ^fjliitinn  ;  jlh  tlu^  i umii  ulrn- 
iioii  of  the  Aolittimi  jncrtjii»e«,  thu  Inands  bt'Lunn'  ui^lyr,  jm  in  lln'  Kiwer  [mrt  of  <a*  li 
diofcninL — After  KtUaie. 

The  proteifl  matter  i»  tluiB  very  ahumlant:  it  in  chielly  a  ^lohuliii,  In 
which  I^^rzelius  ^ave  the  najae  nf  crystalliii.  It  has  nlso  hiu^ii  {\w. 
subject  of  researches  l>y  llnppc-Sinlor.  Lipt.schinsky.  Kulinc,  ami  ( '.  T. 
Monier,*  Acr^nnling  to  the  last-named  inve.sti^'.•lt^^t,  ahinU  .''2  por  riiii. 
of  the  proteid  matter  of  the  lens  is  insnlulilc  in  wwWx  awA  saline 
floliitionR      The   insoluble   ]>rotcid   resiilne  Is  an   (fllittnittitiitl\  ;iiid  it   is 


"hr.  f»  physiol ,  Vhcm.^  Stitif^Htmrj^.  Hd.  xviii.  S,  f-L 
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most  nlnuiilant  iii  he  inner  denser  portions  nf  the  letiB.  It  yiekk 
no  niu'leiu  un  gastict  digestion;  tlie  small  amount  of  ph<>t^pht>niH  it 
contaiiiH  is  due  tu  inorgimic  phoHpliatcs,  The  snhihle  piuteida  nf  the 
lens  are  also  nnt  iiueleiii  uiniipouudH.  Af^mit  one  per  cent,  of  the 
soluble  pi'Hteiil  is  alhnmiu;  the  rcBt  i^  ^dnhuliii-  The  gloiadiii  is 
precipitiited  liy  aatiimtinn  with  magne«iuui  miiphate,  but  not  \nth 
sodium  ehliiride;  in  this  it  re«emblef=i  vitelHn,  The  globulin  consistn 
of  two  proteitls,  a-c  VHtallin  and  j3-eiTJ4tallin* 

a-(  ry.stalUji  is  c  Mupletely  precipiLable  liy  saturation  with  niagnemiim 
sulphiiteoi  with  .sodium  sulplvate  at  **U  (A»  by  tlie  additinn  "if  one  and  a 
halftime;^  itn  vohnne  of  saturated  ammonium  fsulpliate  t^olutinn,  Ijv  a 
stream  of  earbouie  auhj:!:'  '^  — ^  *  -'  -^' —  lihite  acetic  or  bydnnddorie 
acids.    It  eoai^idates  al  ""  N,  ICrOfl  ;  8,  ^<A\\  C,  X^'tKX  ; 

and  H,  l> i)4  per  cent.  ( 

|3-<.'ryHtalliu  differ  ulation  temiierature  (W  C.) 

and  spec^itir-  rotatory  contains  1704  nitiof/en  and 

1-27  sulphur  iier  cen 

a-i/rvf^tullin  in  nu  m,  /3-eryslallin  in  the  inner, 

portions  of  the  lens.  ally  diHtribnted.      T!ic  lens 

contaiii^^  no  keratiiL  .^eii  the  four  proteid-s  in  tbt* 

lens  as  a  whole  is  as 


•r 

Soluhk  Protri-ia. 

In  Frcfh  Jjen*, 

Alliumiiioirl    . 

4H'(>  per  L't'iU. 

... 

17*0  1 10 r  coiit 

tf'CiyBtalllii    . 

irn        ,, 

37  l«er  et^iit. 

0-8        ., 

^-Cr)-stalJfii    . 

l^:iH)      ,, 

«2        „ 

ll'O        „ 

Albunim 

O'S        H 

1        .. 

0-2        ,, 

The  Mammaky  Glandb. 

The  ebemieal  ponstituentB  nf  tfie  mannuary  ^dand  have  i\\\l  l>een 
much  wludiiul.  The  princiiwxl  proteitl  cunslitnent  ui*  the  eulLs  is  uucleo- 
proteid,  whicb  swells  with  dilute  alkali,  and  yields,  by  boiling  with 
mineial  acid,  a  reducing  substance.  That  a  reducing  substance  (sugar) 
can  l)c  ()l>taiiied  from  the  gland  was  first  noted  by  Bert,^  and  confirmed 
l)y  Land\vchr,2  who  considered  its  mother  sulistance  to  be  animal-gum ; 
it  is  cdusidortMl  by  Th ierf elder  "^  to  be  the  mother-substance  of  lactose. 
It  is  possible  that  tbe  nucleo-proteid  just  mentioned  may  be  the  precursor 
of  caseinoi^'en.  The  lactalbumin  of  milk  is  not  identical  with  serum 
albumin,  so  tbat  its  presence  in  milk  cannot  be  explained  by  a  simple 
transudation  fioiu  the  blood. 

The  extractives  of  tbe  maiumary  gland  contain  not  unimportant 
quantities  of  liypoxanthine  ;•*  they  have  not  l)een  further  investigated. 


'  da-:.  Ill  1x1.  ih'  imd.,  Paris,  1870,  Xo.  2  ;   ('mnpf.  truiK  Actnl.  d.  sc,  Paris,  tonio  xcviii. 
-  Arch.f.  <l.  ,irs.  rinisiol.^  lionn,  Pxl.  xl.  S.  21.     Thieilcl.lcr  IkkI  previously  {ibid.,  W\. 
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General  properties  and  compoeition. — Milk  eonsistn  nf  fluiil  (mi|k 
phfinui)  in  which  are  suKpenilerl  iimuinemlile  minute  ^liilmlej^  \A  l\\X}  It 
i  therefore  an  emulsinn,  and  its  wliite  coloiu*  is  produced,  aw  in  r»ther 
fumlsioiis,  by  retiectinn  from  the  wurfaee  nf  the  nuriierouH  gluludes. 
The  8i>ecufic  gi^avity  ui  cowh  and  of  Ininian  milk  in  abont  tJie  same, 
mimely,  1028  to  KKU.'-^  ft  is  ineruJi^sed  liy  tfa-  renmval  id"  tla^  lij^litest 
ttinstiluenl,  the  ereani.  Ainntij^  the  milk  ^duhuIeK  are  smaller  jJurLieleH 
of  proteiil  matter  (easeiiiuiren  or  nncleiii  ()? 

The  statement  \^  .still  nften  maile  that  each  fat  jujlulnde  in  milk  i a 
siirroiiiKled  hy  a  thin  mendunne  of  eaHein(»gen — the  s(»-(\^dleil  hai>t(»gen 
membrane*^  aiul  it  wan  ennsidered  that  it  was  the  rupture  nf  these 
meiabraueB  durint^  tite  jirneeHH  of  (-[inniin;^  that  enable<l  the  fat  globules 
to  nm  together  tn  form  buUer,  The  evidence  *ai  whieh  tluH  iilea  has 
rested  is  of  a  threefold  nature  : — 

1.  If  the  milk  is  filtered  thronj^h  a  eell  (tf  imronH  earthenware,  tfie 
filtrate  is  free,  imt  only  froni  fat,  but  also  froni  caHeiimj^en, 

2.  The  miuis  of  milk  gbdades,  after  having  been  well  washed  within 
the  Hlt<fr,  gives  the  re4tction«  bn*  easeinojj;eu/^ 

8.  If  ether  is  added  t«>  the  nulk,  witlmut  previnibs  ailihtion  of 
(utititic  |K.»tiU*^li  or  acetic  aeid  (these  wore  sn|>|iosed  to  dissolve  or 
break  up  the  proteid  envelope),  tJie  fat  is  dissulvud  out  witli  great 
difiiciilty. 

But  it  is  now  generally  held  with  (Juinrke/^  whci  made  ex]>eriments 
with  oil  ami  nnieilage,  that  eaeh  fat  glohulf  by  inoleenlar  attraction 
i»  suiToiuided  h^^  a  more  closely  adheri^nt  layt'r  of  caseinitge!!  snbition 
(or  rather  milk  plaisma),  and  not  by  a  mrmhrane.  l[n\v  then  can 
nne  expU\in  the  three  facta  jimt  adduced  in  favour  u\  the  membrane 
theory  ? 

1.  If  luilk  18  filtered  through  pmous  earthenwaie.  it  is  uatmally  free 
fmm  easeinogen  ;  blood  serum  filtered  in  the  same  way  is  pruli^id  free. 
The  iiiulecules  of  ju'uteid  are  too  big  to  gu  through  tlie  poiesnf  lh(^  filter; 
there  is  in*  necessity,  therefore,  to  suppose  that  the  caseiuiigen  is  in  a 
ndid  condition  in  the  milk. 

2.  For  the  same  reason,  no  amounl  of  washing  would  wash  tfie 
caseinogeu  through,  and  so  naturally  the  nnlk  glnljulus  w(ndil  give  tlie 
reactions  of  the  proteid  with  which  they  are  contjuninated.  Further, 
Hopf)e*Seyler ^  has  shown  that  cream  yieMs  the  same  iiercentage  of 
casern  as  the  layers  of  nnlk  below  it. 

3.  The  atMition  of  reatjjents  sneh  us  iieetic  aeid  (ajid  rennet)  enahles 
the  fat  to  pass  into  solution  nune  easily,  nut  because  they  are  snlvtjnts 
d  proteid,  for  they  are  not,  but  IjecauHe  they  alter  the  relations 
between  the  surface  tensions  of  fat  f^lobules  and  milk  plasma,  and  so 

the  meAsurcnient  aod  examination  of  tl^^  ffO  ^^livlmlrs,  mix-  FloisrliTuann,   *•  Duji 
Braujuwhweig,   1876-9,  S.  *>0t;  ■    V.   W.  WuU,  '*  W' isroiLHiti   Kxi^tr.  Slut. 
^  18i>2,  yoh  vi. 

absenratioDS  on  the  speciiic  gravity  of  humuii  aiiik,  sw  Mouti,  A^rh,  i\  KlM^hkh.^ 
t,  Bd.  liii. 

Arth,  /.  GipuvJc,^  Berlin,  Bd  ii.  S,  1  ;  D,  F,   Hairris.  Pm\   /iV-y.  Sn*\  Btitu, 

Jon,  Arch./.  Anai.  u,  Fhy»id.,  I^'ipzi^,  1840,  S.  5;!. 

iiau8en  and  Daniltswjiky,  Furttrh.it,  </.  OvKd.  rkkkitltuiitjt  Hiviiuh,  li^bu,  ilcft  1'. 
f.  it  ifes.  Physivl,,  Boiin,  lti7&,  Bd,  xix.  S.  12y, 
tiol  Cbem*/*S.  72S, 
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enable  the  etlicfr  to  ,ttack  the  fat  lunre  tniMily.  ]\Ini\'iivov,  Unjqit'-Sfyler 
states  th;U  it  is  nn  ,  sii  ilithcult  tn  n^iintvc^  tlit!  fat  Hiiujily  with  t^tht^r; 
the  fluid  still  rema  tm  clinuly*  it  Lh  ti'Ui%  hut  Bolutiuijs  of  wtseiiic>gi»ii 
are  alwa\  ,s  ii|ifilBfitH  lit,  and  Lhi^  is  ijicrofiat'd  hy  Ihu  pruwcntx^  in  the 
milk  of  iiarticles  oi  protmd  or  prDteid-likc  subHUincL^s,  jih  *h.'BcrilM*rl  hy 
Kehrer. 

The  rmcikm  of  niiik, — Milk  rendily  tuniii  wmv  from  the  feruieidjitinu 
of  lactose  ami  funDjtion  of  lactic  acid.  In  (iarjiivom  fresh  milk  haft  an 
acid  read  iutj,  hut  ii  uiowt  aiiiinalw  it  i(iveH  either  uu  alkaUii*-  in\  more 
frequently,  an  aiajiinterie  luiicti^m:  the  ui-iil  phos]ihatL'8  in  thi*  iitilk 
turn  neulral  htrmifl  red,  and  the  alkaline  pboriiihateH  turn  it  lihie.  Tlie 
proportion  ltetwt*en  theae  Wilts  varies  very  eonsiderahly  in  dill'ereiit 
animals,  in  the  .same       "      '         '""  Utges  of  k< -tat ion,  and  even 

between   the   tirnt  au  le   mine  milking  (Thurner,^ 

Sebelienr  Coanuit ''). 

Courant    cstimat'  ititacni    by    titration    with 

decinormal  sul]flnme  id  as  inditutitr,  and  the  acid 

constituent  willi  dei  teiiulphthalem  as   indicator 

He  found  an  a  mean  |wirtionB  of  th^  milking  «tf 

twenty  cows,  that  th  a  of  the  nnlk  vva^  equal  to 

41  c.c,  and  tlie  acif  r^f   the  renpeetive   solutiims 

used.     In  ImUKin  mil  iliinty  Lh  higher;  tbeiivera^e 

of  the  nuoilM.rs  was  h  |H  iiiv«'ly. 

Comfihuiffs  uf  mill, —  nU*\\  thn-e   pruteitlt^  {eii^eiunm'tu 

lactalhunnri,  lacto-gloiailin),  t\%^  ^^iiMiliydvnte.s  (laetow,  animal  gum  (), 
fats,  extraetiveH  (traeeH  of  ui^a,  ercatine,  ereatinine,  liypitxantlmie, 
lecithin,  (  holewteriih  citric  acid*),  salts  and  guse^;.  Mof^t  of  these  de- 
mand sejiarate  tliseuwsion. 

Effect  of  btfiliw/  mtlk\ — -Wlien  luilk  iw  lunUj^l  to,  or  mar  ti^  the 
boiling  i)nint,  a  semn  fonns  on  Ihe  surface;  on  the  remuval  nf  ihis  skin 
it  is  rapidly  renewed,  and  this  can  be  repeiited  over  and  over  again. 
This  is  ]iri»hab!y  in  part  ]irodiiced  hy  tlie  coogidation  of  tiie  laet- 
all)umin  ;  tlii.s  carrier  to  the  suifat  e  s<jnie  easeinogen  ami  fat,"''  ConUict 
with  air  u]K]icart4  to  he  the  chief  inHiicnctt  in  causing  the  solidification 
which  result.'^  in  the  formation  of  the  seum :  evaporatifiti  m  rapid  from 
the  surface  expo.sed  to  the  atmuyphere,  and  thus  partial  drying  occms 
there. 

The  l)uiliiig  of  milk  before  it  is  used  as  a  food  is  advantageous  in 
two  ways — (1 )  all  micro-organisms  are  destroyed ;  (2)  the  gastric  juice,  in 
viitue  of  its  rennet,  causes  a  floccident  and  not  a  bulky  precipitate. 
These  ([uite  outweigh  any  slight  diminution  of  digestibility  alleged  to 
occur.^  The  reason  that  boded  milk  cm*dles  with  rennet  with  greater 
dilliculty  tliaii  fresh  milk  appears  to  be  that,  by  boiling,  a  part  of  the 
dissolved  calcium  salt  is  precijiitated  as  tricalcium  ))host)hate. 

As  milk  turns  sour,  it  is  i)ossil)le  to  get  a  bulky  heat  coagulum  by 
boiling.^ 

'  (Vicin.  Zhj.,  Cntlien,  li.l.  xvi.  S.  1469.  '^  Ibid.,  S.  597. 

•"  Inaug.  Diss.,  I5onn.  1891  ;  and  Arch.f,  d.  qrs.  rhj/sio/.,  l>oiiii,  Ud.  1. 

"*  SuldiRT,  Lnndir.   J'^ersu.chs.  SfdJ.,  liCiliii,  P>d.  xxxv. 

''  iSce  1).  F.  Ilaiiis,  Juiirn.  Anaf.  mid  PIn/sh/.,  London,  1894,  vol.  xxix.  p.  188. 

^  Kaudnitz,  ZtsrJtr.  f.  pltysud.  Chan.,  Strassburg,  Bd.  xiv.  S.  1. 

^  Recent  Avork  on  tliis  question  will  lie  foiiiul  in  a  pajier  by  (.'azeneiive  and  Haddon, 
Coinpl.  nnd.  Acad.  'I.  sc,  Paris,  189.^),  tome  cxx.  ]».  127*J.  Soe  also  influence  of  boiling  on 
the  proteids  of  cows'  milk,  Ccnimlbl.  f.  d.  mcd.   iri»scnfich.,  liCilin,  IJd.  xxxiv.  S.  14.'>. 
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Tnrier  the  iiilhieiice  oi  uxtmcts  of  tJit?  jifuiereaH,  tlie  wiHeiiifjgeji, 
lie/ore  it  is  elotte^l  Ky  the  luilk-eunllini^  fernieiiL  of  tht;  ^laiul,  jmHweH 
tiiroagli  a  8Uige  in  wliirh  it  cim^niiateH  liy  lieat.  TIiIh  was  teniiecl 
the  "  uietAcaaein  "  reacticHi  by  its  (liHcoverer,  Sir  WilHuiu  llobertw.'  It 
does  not  apj^ear  to  he  due  to  the  Hiimiltaiieous  ilevelopmeiit  of  acid 
prodiicefl  by  tlie  fat-KpHttiii][f  ferment  nf  the  paiK^n^aw,  liut  rather  to 
the  action  of  tryiKsin.  Edkinn-  showed  that  Kidnie'w  purified  try}>siii 
also  piYMluce8  '*  inetiioaHeiu  "  in  an  early  «tage  of  it8  aetinii,  tliongli  it 
does  not  ]>rfidiice  coiignUition  of  udlk* 

The  c^uiposition  of  milk  varies  in  ditlevent  aniinalw;  IiuiUEin  milk 
tad  cowH*  milk  are  those  which  have  heen  most  inve.stigHted.  There 
Are  also  variations  dne  to  constitution,  state  of  nutrition,  and  age. 

Human  milk.— Ttie  niannnnry  ^kntls  (^f  new-horn  animals  of  both 
ieiee  often  secrete  a  small  tpiautity  of  nnlk  fc*r  a  few  days.  It  is 
[<»pul;irly  termed  '' wikhrs  mflk\"  It  is  alkaliiir.-^  Analyses  hy  Seldiiss- 
beiver  ami  JlaidlV  Onf^ler  ami  ((juevenne,^  and  Oenscr,''  show  tliut  the 
milk  of  uew-borii  children  contains  from  1*05  to  liS  proteid,  0'H2  to 
1*46  fat,  0*9  to  6-4  sn^ar,  and  OS  silts  ]^er  cent. 

VolosirKm. — This  liquid  is  yellftwer  and  more  alkaline  tlian  fully- 
fonued  milk-  It  contains  colostrum  corjrusclcs,  rather  more  soliils  than 
milk,  and  cnaiJiulates  on  heathi*^'.  It  contains  little  lU'  no  cascinoiten, 
but  m  mixture  of  laeto-i^dolMiliu  ami  Lu  talhuunnJ  Tlic  trlolMiliu  is  ouly 
present  in  traces  in  fully-formed  milk.  The  follo\viii<^  aualyses  are  by 
llemm,^  with  the  exception  of  the  last,  winch  is  by  Tiily." 


OmmtMtfBta. 

Four  We^ks  before 
ndiVL-ry. 

Seven  tt'i- 11 
iHjJivicr.v, 

rN^livery. 

Unit  H-iiirt. 
jiftcr 

Two  l»iiis 
arUr 

1. 

n. 

Water 

94-52 

85-2 

85 '17 

85-85 

84 '38 

m-7'j 

84-OS 

Solids. 

5*48 

14-8 

H-83 

1415 

1502 

13-1^1 

ITi'iii 

Cafiein 

... 

... 

... 

.,♦ 

2*18^ 

AJbumin  and 
globulin 

2-88 

69 

7-48 

8*07 

-'* 

...J 

3'2;5 

FEt        • 

071 

41 

3*02 

2-35 

... 

4*<SG 

5-78 

IdMitoae 

1-73 

3-9 

4*37 

3*04 

6-10 

6-51 

Sdtii  . 

1 

0-44 

0-44 

0*45 

0'54 

0"51 

... 

0-34 

>  PrtK.  ^f.  S€)c.  Ltmdmi,  1879,  l^Ht. 

^  Jtmrn,  PhtishL^  CHmbridg«  and  LoihIhh,  181*1,  vul.  \ii.  p.  203. 

*  Wit4.he«'  milk  olftaiiie*!  from  foals  hy  Aimidom  {Jnhnnh.  ti.  d.  FortHrhr.^L  Thkr-Vhrm  , 
Witabm^eUt  1876,  S.  il8)  was  add,  but  tluji  utia  projiiibly  diw  to  fermcutiition  having  net  iu. 
t  *  Ann,  iL  Chem.,  L<*i|)Jtig,  Bd.  xcvi.  S.  6Si. 

mg     *  Gaz,  mid,  dfi  Far  in,  1856,  p.  15. 
^      ^Jffkrh,/.  Ki^yUrh.,  I^ip/ig,  N.  F.,  liil  is.  S.  60. 
I  eWlieii,  Zt9rhr.  f.  phif^wL  tVi/m.,  8 1  raws  by  r^,  lid.  xiii.  S,  135. 

m  ^r'«  *' Hand  wort  prbuchd.  Physiol."  n-b  ib  8.  404. 

^H  0p,  lirp.^  1867-8,  p.  77.     8€<i  iilso  Wtuxiuiird  Unnin,  Erjur,  Med,,  Ikltinmr*', 

^H  p.  217j»  for  recent  auAlytics  of  hnniaii  culuutrum.     Culo»tLiun  cuipu^idi'ii  are 

^^M  y  preticDt. 
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Normal  human    milL — -The    follnwinj^f   talile    givcH    Borne    of    the 
prijiciiml  aiialyBee  tl  at  have  heen  puhli^hal :— 


Wilt*?, 

inogeit. 

Alhu- 

3  ffS 

Sugar. 

aoiy. 

IteltULTkH. 

iihiwrvt.-». 

8S'58 

3 

6fl 

4*3 

0^17 

{» 

dujB  after  rldi  very. 

J  CiL^mni, 

00  58 

2'&1 

^  :m 

3  1 5 

010  il2 

f  I      tl          > 1 

86-27 

2i<5 

E  ,17 

m'i 

0*22 

Tidy.                         f 

BB'Z] 

lS4 

fj'ft 

0*i!3  '  i 

to[ 

l-6a  taS'lf; 

tl^ 

Biei» 

ae^aj 

O'ti 

1*25  1  0*34 

'2  56 

rr« 

...  1 

ToltUAtscUeff.^ 

89vi 

1  -79 

3-3 

D-4 

0-42  , 

^.!               1  ritTlKT,^ 

87-24 

l'S» 

4 -a 

5 -SI 

mn 

'  Chi'isU'nik* 

89-29 
89  "0*5 

1^6 
1-72 

a'2 

2*& 

""  itOyiarii old 

j  PMllVr.fl 

87-79 

2 '5a 

afl 

, 

Meiiduii  deLuciiu* 

rs 

071 

1 

to 

tu 

1 

hUkmJ 

4-8 

I'-f 

r 

97-6 

1-52 

3- 

^ 

Sfildncr  &  CjimereF.* 

88*5 

1*2]     OTi 

3', 

- 

Lchniftiiu  &IIeTn}icl.* 

ft-lvHOs  ii^  the  relntively 


Inw 


y':'2     \>VY    PtMlt.    of 


Tht3  liiost  cnimtai 
pLTcentaj^fc;  of  proteid 

Ainnii^jr  ntlusv  eoi.  jiilk   ari" 

ciiolealenji  ("rnliiialscl  o  a<.'iil/^  and  078  *^  *if  uiikiiuwii 

extrautives;   the  last  are  lant  in  the  eoloytnim,  ami  lean 

ahirtHlaiit  in  es)WH'  milk  (SnidiiL-i  runL  t  aineiiT), 

TariiitiiJiis  in  lIid  r_(»inp<>siliinj  of  thi?  milk  occur  with  the  sUigps*  of  lactAtionJ- 
iii  the  milk  frnni  th<5  two  breasts  find  hatwi'erj  tho  first  nnd  last  iiortiuns  of 
the  iiiilkiuf:,^'*  with  tin*  rumjidexion  ^^  (VeraoiH  and  Jlofirpiertd— qut^stioui-d 
by  TohiinUsi^hcn),  with  the  fi^e  of  tli^  indiviiluid  (l^lniifnT),  ninX  with  iii*iiistrutt- 
tioii  (\''ernoii3  iiiid  l]e«<]U€ri:d).  The  iiHtiire  and  quality  uf  the  food  have  a 
CLMisidcrahlo  hiflueiH't^  uii  the  quality  of  the  milk,^''* 

I'hr  Sffifs of  li lumtH  milk n\v  (hu^ ^ivmi  hy  liuii^'e  ^^  in  purls  pur  1 000-— 


A. 

n. 

A. 

U. 

K,i>       . 

.     *J'780 

0703 

Fe,0,     . 

.     0004 

OTOO 

Xa.()      . 

.     0^23:> 

0't]r>7 

r.o,     . 

.     0'473 

0'46a 

Car* 

.     0328 

0*34:5 

CI. 

.     0*4:J« 

0445 

Mgn     , 

.     0*064 

O-OCr,  1 

1  Jahrcfib.  ii.  d.  Fortsckr.  d.  Thier-Chmi.,  Wiesbaden,  1874,  S.  168. 
-  *'Mcd.  Chcni.  Untersuch.,"  Bd.  ii.  S.  272. 

3  Ball,  soc,  rlnrn.,  Paris,  tome  xxiii.  *  Diss.,  Erlangeii,  1877. 

'»  Jahrb.f.  Kindcrh.,  Leipzig,  Ikl.  xx.  «  Diss.,  Heidelberg,  1881. 

7  Diss.,  Strassburg,  1876.  *  Ztschr.  f,  Biol,  Miincheii,  1896,  lid.  xxxiii.  S.  43. 

••  An'h.f.  d.  (JUS.  Physiol. ,  Bonn,  Bd.  Ivi.  S.  558. 

^"  TIh'  ]>resen(;(;  of  citric  acid  has  also  been  noticed  by  Sclieibe,  Landw.  Vcrsuchs.  Stat.j 
licrlin,  l^d.  xxxix. 

'^  J.  Munk  {rirr/toir's  Archir,  Bd.  cxxxiv.  S.  501)  gives  the  proportion  of  extractive 
nitrogfii  to  total  nitrogen  as  1:11  in  human  and  1:16  in  cows'  milk. 

^■-  Pfeiller,  loc.  cii. ;  Veinois  and  Bccquerel,  Camjtf.  rend,  ylcod.  d.  sc,  Paris,  tome  xxxvi. 
!>.  188. 

^•^  Soiirdat,  il'id.,  tome  Ixxi.;  15rnmmer,  Arch.  f.  d.  gcs.  Physiol.,  Bonn,  Bd.  vii. 
J^  I'llrriti.-r,  "Tiaite  de  ehim.  ].athol.,''  Paris,' 1842. 

'•'' Decaisne,  f/ir..  intd.  dr.  Paris,  1871,  ]>.  317.  These  arc  very  interesting  observations 
made  during  the  siege  of  i'aris.  Otlier  work  on  the  influence  of  food  on  milk  is  that  l)y 
iSzubotin,  Ccntralhl.  f.  d.  lucd.  fJ^isscnsdi.j  Ik-rlin,  1866,  S.  337,  and  by  Commaillc,  quoted 
by  Konig,  "  Chcm.  d.  mensehl.  Niihrungs.  n.  Gcnussmittel,"  Bd.  ii.  S.  235.  The  question 
of  the  influence  of  diseases  and  drugs  will  be  found  discussed  in  works  on  Therapeutics 
and  Pathology.  ^^  Ztschr.f,  Biol.,  Miinchen,  Bd.  x. 
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The  ^ases  0/  hnnunt  miii\ — In  five  ex])eiitiii-iits,  100  ca\  of  milk 
jielded  1*07  U>  1*44  c.c.  uf  oxygt'ii,  :i*;i5  la  1^*87  v.i:.  of  eaibcuiie  auhyilntle, 
mAtV^l  i%nii  tV81  c.e.  of  uitrogeiL  The  nietluHl  of  collecting  tlie  milk 
coiilJ  not  have  ohviateti  admixture  with  Bmull  ([uaniitieH  of  air ;  hence, 
no  doubt,  tlie  higher  percentage  of  oxygen  ami  nitrogen  than  jirevioos 
oljeervers  have  found  in  the  nulk  of  lower  luiimal^.^ 

Cow9  uiiIk.--ColiiitrtfNK — This  haw  a  high  Hpeeific  gravity  (1040- 
1080).  lis  fat  has  a  higher  melting  junnt  than  that  nf  mirmal  milk, 
being  fioorer  in  the  lower  fatty  aeitU.-  (l  cuntaiiis  more  leeithiii, 
chalesteriu,  and  pruteid  euagulable  hy  hi\Lt  than  nrnniJil  milk.^  The 
following  ai"e  aome  aiialyaes  that  have  heen  matle  :■ — 


Xormal  cows  miil\ — The  fullnwing  jire  averages  nf  muntn^ons 
Uialys6d,  in  the  iirnt  L-ohinni  of  thone  collet'led  hy  Goriip-Besane;^^  in  the 
lecoDcl,  by  Hoiipe-Seyler.* 

I.  IL 

Water    .         .         ,         .         84  28  85--86 

Solids     ,         .         .         .          irrT2  15-18 

Caseinogcn     .         .         .           3  57  3-4 

Alhnmin          .         .         .           075  0'3-0*5 

Fat          ....           G-47  4 

Lactose  .         *         -         .           4  "34  4*5-5 
Salts       .         .         .         ,           0'C>3 

Haiumarsten *  gives  the  fuUiiVving  lahles  (rnaii  Ktinig)  of  nnrnial 
milk  and  the  averages  of  varions  prepardtionw  from  milk  as  follows;— 


Milk. 

SkmiiiiL^  Milk. 

rrt'niik 

imuer  Milk. 

Whey. 

W*tw 

8717 

90*60 

<!ri-5l 

00-27 

93-24 

mdm         .        . 

12-83 

9*34 

IMMf* 

1073 

676 

Omnoggp. 
Altminin     . 

3  021 
0-53  / 

3'!! 

3-(;i 

1  OG 

0*55 

frt     .        .        . 

3-69 

074 

26 -yr- 

0  t»3 

0-23 

ST;    : 

4 '88 

475 

nrri 

.'4 -7.^5 

4  7 

0-71 

074 

OiJl 

0-67 

<v6fj 

Lictic  add . 

oat 

oa3 

lock^^  gives  the  average  compositiun  of  skimmed  milk  a.s  follows — (1) 

liJz,  ZtMhr,/,  Biol.,  Miiudien,  1805,  lU,  xxxil  S,  180, 
n,  Jahrr^h.  it.  tL  F&rlsehK  d.  Thkr-Chrm.,  WiuwbnfleUj  litL  xvii.  8.  109. 
Bfl.  xviii.  S.  102. 

'^t^lkerciwesen,"  S.  39,  * '*Clieiij.  fl.  MiMiwh,  Nulinin^siiiitLf!.** 

pharm.  ri  chim,,  Pnm,  1S94,  Ser.  5»  imnv  xxx.  y,  3:!7. 
i,"  1878,  S.  424.  **  "  VUyahA.  {  horn." 

ClieiD,/'  Srri  litnnau  wiition,  S.  ;1SS,  :i90. 
of  th«  Dairy,"  Glasgow,  1888.     Numerous  Tuilk  analyses  will  ha  found  in 
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By  repose  and  .skin^  ling — fat,  1  ;  proteiiij  3*44  ;  lactone,  5"1 ;  as]j»  075  ; 
water,  89*67.  (2)  B;  separator— fat,  0"2 ;  proteids^  3 '4  ;  lactose,  5 "01  ;  a;&hp 
0*75  ;  and  water,  90*()^, 

The  presence  of  citric  acid  in  milk  was  first  shown  by  Soxhlet.  Vaudin ' 
considers  that  thi^  k  not  from  the  food,  hut  produced  in  the  nidnnuury  gland. 

The  variations  in  Lhe  milk  with  feeditig,  species  of  animal,  time  of  day, 
etc.,  are  described  h;  Struck  man n  and  Bodekerj^  Fleischniann,*^  Tatli>ck|^ 
Kiihne  and  Fleischer/  and  otliers. 


Siildiier^  gives  the  following  perceiitiiges ; — 

0-172 
0^051 
0-1118 
002  (J 
nuclein)     0*182 
0'0D.S 
[ler  ct^nt.j  and  of  the  lime  from 
he  fluid,  but  lh  united  more  or 
xe^  ovpr  mineral  acids  is  united 
'00035  per  ceut.  of  iron. 

by  Setcbenuw^aiul  PiliigerJ 
trygen,  and  fvuiu  5  to  10  per 

,s'  ijiilk  with  that  of  human  milk, 
I  [lerceuLugD  of  jn'oteidt^,  fats,  ami 

salts,  and  the  h»w  pcreentajL^e  m  .>«igar  in  cows  milk  iik  eunipared  with 

human  milk.     (Jiialitative  ditltfreiii-es  will  be  noted  under  the  headings 

"  Proteids  "  and  "  Fats." 

The  milk  of  other  aniraale.^ — ^Some  of  the  i>rimuiial  analyses  arc 

collected  into  t)ie  foUowiu'j  t4ible : — 


Salts  of  cows  mi 

K.O  , 

Na.,0 

CaO  . 

MgO. 

PgO,  {dt* 

CI      . 

Of  the  total  phoapl 

53  to  72  per  cent.,  is  i 

less  firmly  to  the  i^asei; 

to  organic  acids,  sm.-Ii  h 

The  gases  of  Of  wa'  r 
There  are  small  quai 
cent,  of  carbonic  aub. 

In  comparin;4  the  < 
the  main  dittercnce  coiisigt, 


Hi^FnfVtic!^ 

Animal. 

,     Wattl". 

AlijNiiiiii^ 

l\il. 

Uctiiiew, 

^lu. 

to  Ktttm 

1 
1 

Iwlow. 

r>o«  . 

1    7fi*4 

mi 

»*57 

3*19 

0*73 

8 

Cat     . 

1  sre 

9»0S 

a-3» 

4*01 

0'58 

% 

Goat . 

m-n 

vm 

4-09 

4 -IS 

O'bfl 

l» 

Goat . 

\    8tj"75 

M'U 

ri*35 

vm 

O'fiO 

10 

Shee}) 

83-5 

5-74 

6-14 

3-96 

0-66 

11 

Slieep 

1    82-84 

4-7 

4-8 

3-4-6 

0-6 

12 

*  Journ.  de  pluirm.  ct  chim.,  Paris,  tome  xxx,  p.  464. 

'  Ajui.  d.  Ohcm.y  Leipzig,  Bd.  xcvii.  S.  150.  ^  jr;^  ^.^^ 

*  Lniidir.  Versuchs.  Stai.^  Berlin,  Bd.  xii.  S.  405.  *  Loc.  cit. 
«  Ztschr.f.  raf.  Med.,  Bd.  x.  S.  285. 

'  Arch.jf.  d.  yes.  Physiol.,  Bonn,  lid.  ii.  S.  166. 

^  Taken  from  iv«>iiig's  anah-ses.  The  milk  is  acid,  ricli  in  ]»rotei<ls  and  calcium.  The 
lactose  is  incroased  1>\'  starcliy,  and  lessened  thongh  not  abolished  hy  a  llesli  diet  (Beusch, 
Ann.  d.  CJiCiii.,  Loip/.ii^r,  P>d,  ].\i.  8.  221  ;  Poggiah%  Gaz.  me'd.  dc  Parifi,  Ser.  3, 
tome  X.  p.  2r)l»).  Sec  also  Simon,  *'I)ie  Franenmilch,"  Berlin,  1838;  Dumas,  Compt. 
rend.  Acad.  d.  .sv.,  I'aris,  tome  xxi.  p.  707  ;  Kemmerich,  Ccntralbl.  f.  d.  nicd.  Wisseii^ch.y 
Berlin,  1S6*'.,  No.  30;  S/uhotin,  ibid.,  No.  22. 

y  Taken  from  K.-ni-. 

^"  From  Pizzi's  analyst^s  {Stnz.  Sper.  Agrar.,  1894,  lid.  xxvi.  S.  615  ;  Abstract  in  Journ. 
Chem.  Soc,  London,  18iK5,  vol.  ii.  p.  120).  Goats*  milk  ditlers  from  cows'  milk  in  smell 
and  taste,  and  in  containing  more  insoluble  volatile  fatty  acids.  In  reindeer's  milk  these 
acids  are  h>ss  abundant  (SollK'rg,  Centralbl.  f.  ayric.  Chan.y  Leipzig,  1896,  S.  15). 

^^  From  Kimig. 

^-  From  Vernois  and  Becquerel,  Union  mid.,  Paris,  1867,  p.  78. 
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Ecference 

AaimM. 

Water 

Ciwefiio|f«n. 

AlhumirL 

Fttt. 

Lautone* 

8dbi. 

bdow. 

Step          .          . 

SO'42 

4"44 

J)  "66 

4*4 

1*1 

1 

Urn 

&0-06 

1*89 

I'Oi? 

6*65 

0*31 

2 

f»           -        • 

90 

1-8             0-3 

1*3 

5-5 

0-8 

3 

»»           -        • 

d2'5 

1-3             0-3 

0*6 

47 

0-3 

4 

.        . 

t*l'0 

i05 

1-3 

57 

0*3 

5 

Ai»  , 

&0-0 

2-1 

1*3 

6-8 

0*3 

6 

i» 

frO'5 

17 

1*4 

6-40 

7 

|ls 

8S-0 

3-5 

1-8 

5  0 

0-5 

8 

K« 

82-37 

6-09 

ti-4 

4*04 

1-06 

9 

Kk 

83*0 

70 

7*0 

2.0 

]  -ori 

10 

,1% 

81-8 

5*3 

ti-0 

6-0 

0*08 

10 

liole 

811  :j 

2-6 

1-9 

*    6-03 

0*58 

11 

Hipiiopot&mu5   . 

yO'O 

... 

4*5 

0*1 

1-2 

C«iiiel 

86*3 

37 

2*9 

5*8 

0-6 

13 

El«phAnt   . 

|Doh>hm     . 

67*85 

3*09 

195 

8-84 

0-65 

14 

48*67 

4376 

0*46 

15 

82 '20 

4*13 

7'&ri 

4-75 

0*117 

16 

lUhbit 

60-fiO 

15-54 

10-4 

1-^5 

2*56 

1       ^' 

ScUi^  of  doffS    and  nmr^^'i    mlik. — These    may  be  eniiipaied  in  tlie 
loUowing  table  of  Buiige's  '^  witli  those  we  have  already  Btudiecl  :— 


K.0        ,        .        . 

62      .      .      . 

ii«o     .      .      . 
r*  o.   . 

ci . 

T<»Ul  ««h  |>cr  1000  . 


liUMXS. 

Doo, 

I. 

n. 

I. 

n. 

0*78 

071 

1-n 

1-6S 

0*23 

0*26 

oso 

0*69 

0-33 

0*34 

4-53 

4-28 

11-06 

0-06 

0*19 

0-21 

0*<i03 

0*006 

0-02 

O-fH 

0*47 

0*47 

4-93 

4*157 

0*43 

0-44 

l*6l» 

1'8 

2 '22 

2*18 

13*15 

12*96 

Cow, 


MAnR. 


176 
Ml 
1  -.^»P 
0*21 
0*003 
1*97 
1  *6» 
7*1'7 


104 

O'U 

1'23 

012 

O'OIS 

1'31 

0-31 

4-17 


•  From  Pmt    Sheep^s  milk  coiiUitiN  a  liigh  perccuugL'  »ji  Jai. 
'  From  KoDJg. 

•From  Bid.  JiiAr<f«&.  tj,  d.  Farlsehr.  d.  ThierChem,,  WieslmikMi,  1861,  8.  171. 

•  From  Soxblet,  ibid.,  1878.  S.  152. 

>  From  WeUkc  and  Scliroilt,  ibuL,  IS'tR,  S.  151.  The caspinogeu  of  nmres"  iiiilk  i^  iiiftrc 
like  tXiKi  uf  human  than  *>f  cuwh'  tnllk-  TIu*  is  the  milk  iMi^irHilly  usiecl  in  Ihc  i^it  paiatii^n 
of  koamias  And  similar  ferriientfl<l  li^jiiors  iu  Kumhui. 

•  From  KfHiig* 

'  From  Gubler  and  Tjupvenne,  Gmclin'a  **Handljudt/"  VA.  viii,  S.  267* 

•  From  Vcrnois  anri  Ikc^juerth     Asses'  milk  is  mmh  iisiud  hy  invaliils. 

•  From  Konig. 

"■  From  Lentner,  in  Oorup-Besancz.  "Lebrlmeh,"  S,  124. 

"'  "*         Aubert  and  Colby,  Vhf.m.  A>i/.*,  LoihIoii^  vol  Ixviii,  ]i.  16S. 

Chtfn.  CnUr,-Bi.,  Leipzig,  1871,  S.  149. 

'^Wgeudorf,  ibid,^  IBtlT,  S.  78»     See  also  Yrrnois  an<l  Berqitcrol   for  an.ilysfls  of 

rranklandf  Ckmu  N^xcs^  I^ndon*  1890,  \h"I.  Ixi,    Notr  the  onnniimis  percentage 

^izzi.     For  buffaloes^  milk,  sec  al«o  Tatipel  and  RiehQiond,  Junr^.  CJtcm,  Soc., 

if  p.  754, 

izzi. 
Dorpat.,  1874  ;  Zt^hr.f,  ph^tiol.  Clum.,  Strassburg,  Bd.  xiii.  S.  393. 
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The  chief  acid  present  throughout  is  phosphoric  acid ;  the  chief  base 
in  human  milk  is  potash ;  but  this  in  most  other  mammals  is  second  to 
lime ;  in  dogs'  milk  the  lime  is  especially  high. 

In  connection  with  the  iron  in  the  milk  it  is  to  be  noticed,  that 
although  the  other  mineral  constituents  of  the  milk  are  present  in  the 
proportion  in  which  they  are  contained  in  the  fcetal  tissues,  the  quantity 
of  iron  in  milk  is  less. 

One  hundred  parts  by  weight  of  ash  contain — 


Ill  New-born  Dog. 

III  Dogs'  Milk. 

K..0 

11-42 

14-98 

Na.,0 

10-64 

8-80 

CaO 

29-52 

27-24 

MgO 

1-82 

1-54 

Feo( ).. 

0-72 

0-12 

IV),' 

39-42 

34-22 

ci     . 

8-35 

16-90 

'I'lie  slight ly  ditlerent  ])ro portion  in  soda  and  potash  is  easily  ex- 
})lained  ))y  the  fact  that  in  the  young  animal  the  ])otasli-rich  muscle  is 
increasing,  and  the  soda-rich  cartilage  is  diminishing.  The  high  ])er- 
ccntagc  of  chlorine  in  the  ndlk  is  also  explicable,  on  the  hypothesis  that 
the  chlorides  serve  not  only  to  build  u])  tissues,  but  also  largely  as 
solvents  in  removing  waste  ])roducts.  i^ut  the  })ercentage  of  iron 
in  the  milk  is  oidy  one-sixth  of  that  in  the  foetal  tissues.  The  foetus 
obtains  its  su])])ly  of  iron  before  birth  through  the  placenta,  and  stores 
it  in  tlie  b\er  (see  }>.  '^^).  As  tlie  young  animal  grows,  a  kilogram  of 
l»ody  weight  e<»n tains  less  and  less  iron. 

Iron  a]>]»ears  to  ])ass  to  the  otVspring  through  the  ])laccnta  rather 
than  by  the  milk,  because  of  the  dillicultics  of  al)sor])ing  iron  by  the 
alinientaiy  (.inal,  and  the  danger  that  luematogenous  {i.r.  nu(dein) 
eom].<. mills  may  theie  l)eeome  the  ])rcy  of  l)acteria.  l>unge  further 
regaids  it  as  ]>r(ibabl(:  tliat  the  laig*^  amount  of  iron  wliieh  ])asscs  to  the 
fo'tus  is  lint  all  derived  fi'oni  tlie  motliei's  food  during  the  I'clatively 
sIkhI  1 1»  Midi  I  (»f  jircgnancy,  l»nt  that  a  storage  of  iron  occurs  in  the 
malcriial  (fii^ans  excn  before  the  tiist  coneepti(»n  ;  and  this  may  explain 
the  (KMiii  iviicc  (.1'  (•li](>r(>sis  at  the  age  of  ])u])erty. 

The  carbohydrates  of  milk. — Tlie  most  imjiortant  ('arl)ohydiate 
in  iiiilk  is  lacidse,  (»r  milk-sugar,  tlie  ]»ro})erties  of  which  are  described 
nil  ])agc  1  l!.  It  is  found  in  varying  quantities  in  the  milk  of  all 
animals:  ilic  only  exce]>tion  to  this  rule  hitherto  noted  is  that  of 
tlie  lvu\|itian  liutl'alo  (/.e.s  Imhabis)^  where  it  is  i'e])laeed  by  another 
siiLiar  cliristciKMl  inrjilosr^  by  l\i])])el  and  Eiehmond;-  it  yields  dex- 
trose diily  nil  liydrnlysis. 

Tlinii-li  laclnse  Is  lutt  fermented  hy  yeast,  yet  it  undergoes  the 
ab'nlinjic   Ic]  iiieiitat  inn    under  the   inlluenee  of  otiier  sehizomveetes,    as 
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with  acid*  Laudwehr^  klentified  it  m  animal  f^nira,  Boclmmp-  as  doxtrin. 
J.Hera'  found  gmimleii  in  luilkj  which  liehjive  towanlj^  iodine  like  fstarth ; 
be  called  them  ^'animal  amyloifi" 

The  fats  of  milk.^Milk  fat  has  a  speciHc  gravity  of  fi^nni  949 
to  996.*  U  rfiiksistK  of  palinitiii,  steariu^  ami  nleiu,  with  wmall  quantities 
of  triglycerides  tif  hiityrie,  c!apruic,  capryUe,  capric,  niyristic,  and  arachic 
adds  in  additioiL^  It  alsu  euiitaiiiH  small  (piantitieR  f>f  lecitliin,  t-hcdes- 
teriii.  and  a  yellow  lipoehrnuie. 

The  amount  of  fat  in  creanj  varies  from  14  to  44  per  eent.  In  butter, 
besides  fat,  tlmre  are  small  t|uantities  of  easeinooren  and  lactose.  The 
fate  of  cows'  hatter  t'onsist  of  58  pei'  eent.  of  palnntir^  and  stearin.  30 
per  cent,  of  olein,  and  2  per  eent.  of  tlie  Hpeedie  hutter  fatn."  Their 
melting  point  is  :U  to  34"  C.  The  volatile  fatty  acids  in  cows'  milk,  aeeonl- 
ing  Lo  Dnclaux/  amount  t*)  7  ]'er  cent.,  of  wlneli  W^i  to  frl  is  hutyric,  and 
21)  to  3*0  18  eapnue  acid.     Some  aiialystH  cfive  still  hij^^her  ] Kucentages. 

By  exposure  to  the  air  butter  Ijeetuoes  rruK  id  ;  tliis  is  ]>;irtly  due  to 
the  pnxluction  uf  lower  fatty  aetds  frtuu  the  lii^dier  fats  (see  p.  19), 
partly  to  the  f<tnnation  of  acrolein  from  glycerine,  and  i^artly,  and 
according  to  Hagemann  ehietiy.  to  the  ftirination  of  hctic  acid  from  the 
cntanglcil  lactose. 

The  composition  of  hutter  i^  very  variable*  Thus^  in  Finland  butter, 
Koefoed^  found  two  fatty  acid^j  of  the  uerylia  st^riea  ai  atldili<tn  to  oldc 
acid;  100  ]>art«ii  of  the  fatty  acid  nontaiutHl  G*!  uf  tho.so  lutiils,  28  of 
palmitic,  22  of  niyristic,  8  of  laurie,  l*'*  uf  butyric,  2  uf  (ja[)rnie,  2  uf  cripric, 
and  0'5  of  caprylie  acid.  According  tu  Wanklyn,-'  there  is  no  true  palmitic 
acid  in  buttery  the  acid  is  aldepalmitic  adil  (^-nJhso*^.;)* 

TA4r/<T/«  fl/'AwwmH  t?m7// are  Homc%vhat  dillerent  fmrn  tlmse  of  <'r)WH' 
milk.  They  have  been  the  subject  of  two  hm  ent  researches — one  l>y 
Rupfiel,^'*  the  other  by  Liives,*^ 

Their  melliug  point  is  34"  C\,  and  solidifying  ]ioiid.  20' -2  f  \  Their 
specific  gravity  at  lo'  C.  is  DGb.  The  fatty  arid.s  fiunul  are  butyric, 
capruic,  capric,  nmistic,  palmitic,  stearic,  and  oleic  a(  ids,  all  conibined 
with  glycerine.  The  presence  of  ftaniic  acid  ^-  is  also  iid'errerl  from  its 
rwlucing  action,  hnt  not  by  any  further  tests,  llunian  nrilk  is  jioor  in 
volatile  acids  (Rtippel). 

Laves  contirms  this  work,  and  gives  soiuu  quantitative  rcsnlts.  The 
fat  cnnt-ains  1'4  ](cr  cent.  <tf  volatile  acids,  19  uf  aci«ls  snltible  in  water, 
and  49'4  (a  very  high  percenUige)  of  unsaturated  acids.     The  volatile 

'  Areh,/,  tL  ffes,  Pkyiiai.^  Botin,  Hde.  xxxix.  aii4  xl. 

*  Bull,  Sue.  rhim,,  Paris,  Ser.  3,  Umw  vl 
»  Ch^m.  Ziij.,  C^theu,  Bd.  xvi.  S.  ir>94. 

*Bohr,  Jahrtsh.  u.  ft  Fotischr,  //.  Thkr-rhrm.,  Wi<-sl<.i.lni,  lid  %.  S.  1  kj. 

•Ornnxwdg,  Ann.  rf.  Ohrm.,  Linpzig,  Rd.  fkii.  iS.  1^15;  K.  Wfin,  1»i^n.,  Kilaiigen, 
187*5;  Cherrenl,  *' R«cherches  Htir  le  cyrpfi  ^iii.^,"  Taris,  182:5;  L*  I'fh,  .Inn.  li,  Chetn,, 
Leindg,  BcL  xWx.  8.  212  ;  Hdiitz,  ibi</.,  BJ.  Ixxxviii.  S.  300. 

•  Bromeis,  ibicL,  1842,  M.  xlii.  S.  40. 

'  Ctnnpt.  rcHii.  Aasd.  d,  sc.,  Pari.s,  tonte  civ, 
O — »,  0.  rf.  1%  Dansl'c  Vidensk.  Sehk.  Forh.,  Kjoboidinvu,  ll^f'l. 
C      n.  Xnes,  Loudon,  vol.  Ixiii. 

-  J!      W.f.  Biol.,  Manchoii,  IM.  xxxi,  S.  1. 

^         ^*./.pkynoi.  f:7(eiii./Stras.sKuj;,',  Bd.  xix.  S.  ,169. 

^  IX  {loc.    cU,)  fuund   rorniic  acid   in   cows*    butter   uljiili    had    been  exp»scil    tu 

n 
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acids  contain  equal  quantities  of  caproic,  caprylic,  and  capric  acids,  and 
the  merest  traces  of  butyric  acid.  The  principal  acids  present,  as  is 
usual  in  animal  fut,  are  palmitic,  stearic,  and  oleic  acids,  and  one  or 
more  acids  of  lower  molecular  weight,  including  myristic  acid.  The 
melting  point  of  the  mixture  of  acids  is  37°  to  39*",  and  of  the  fat  itself 
30°  to  3r  C. 

The  proteids  of  milk. — The  proteids  which  occur  in  milk  are 
three  in  number.  The  most  abundant  and  most  important  of  these  is 
caseinogoi.  It  is  this  proteid  which  is  acted  upon  by  rennet,  and 
converted  into  casein  or  cheese.^  The  other  two  proteids  are  only 
present  in  small  quantities;  they  are  called  lactoglobuhn  and  lact- 
albumin.  Proteoses  and  peptone  were  described  in  milk  by  many  of 
the  older  workers.  This  was  due  to  the  use  of  faulty  methods  of 
analysis  (see  p.  A\)? 

Compilation  of  milk. — When  milk  is  allowed  to  stand  at  the 
ordinary  tein[)erature  exposed  to  the  air,  the  chief  change  it  undergoes 
is  the  lactic  acid  fermentation.  The  acid  formed  precipitates  a  part  of 
the  caseinogcn,  but  this  is  a  different  thmg  from  the  conversion  of 
caseinogen  into  casein.  Sometimes,  however,  certain  aerobic  bacterial 
growths  act  like  rennet  in  causing  a  true  curd.  Certain  of  the  higher 
plants  (Ficifs,  etc.)  also  curdle  milk. 

The  agency  liy  which  the  clot  is  most  readily  formed  is  that  of 
rennet.  Tljis  is  a  ferment  secreted  by  the  stomach,  and  is  usually  obtained 
from  the  stomach  of  sucking  animals,  like  the  calf.  The  pancreatic 
juice  also  lias  a  cunlling  action  on  milk  (see  p.  137),  and  extracts  of 
many  tissues  (such  as  testis,  liver,  lung,  muscle)  have  a  feeble  action  of 
the  same  nature.^ 

Jfaiiiinarsteu'*  and,  later,  Friedberg-''  showed  conclusively  that  the 
active  ]ni]i('i[>le  of  rennet  is  not  pepsin  ;  tliat  it  re([uires  for  its  eflicient 
action  the  ])icseiK'e  of  calcium  salts,  of  which  the  phosphate  is  the  one 
which  is  inostly  ])resent  in  the  milk,  and  that  it  will  act  in  a  weakly 
acid,  neutral,  or  alkaline  solution.  It  acts  most  readily  at  40°  C,  and 
is  destroyed  at  70  C.  The  ferment  itself  in  the  rennet  extracts  is 
teniKM]  rliyniosin  by  Friedberg,  and  i-ennin  by  Foster.^ 

Wlicii  KMiiict  is  added  to  cows'  milk  the  result  is  a  coherent  clot  or 
curd,  wliich  cx])resses  a  clear  yellowish  ihiid,  the  whey.  The  curd 
cont.iins  the  fat  entangliMl  with  the  casein;  the  whey  contains  the  other 
piotcids,  su^ai-,  and  salts  of  the  milk.  In  human  milk  the  curd  is 
usually  composed  of  smaller  llocculi,  and  a  similar  llocculent  coagulation 
(•an  \)o  produced  in  cows'  milk  by  ]>i-eviously  bijiling  it,  or  l)y  diluting  it. 
Lime  water,  sodji  water,  or  Ijarley  water  are  generally  used  as  diluents 
for  tills  ]»ui|)ose. 

Tlie  coaLi:u]ation  of  milk  is  somewhat  analogous  to  that  of  blood, 
and   the  aiialoi^y  is  accentuated   by  the  fact  that  in  ])oth  cases  calcium 

^  The  utility  of  ilijs  iKuncuclat iiir  is  at  ouci-  apiiaicuL  wlu-ii  casein  ami  casein oi^rii  are 
eontiast«'(l  with  li!  riii  and  lil'iinoLieii,  myosin  and  niy«»xin()L:en.  even  altliiiU;,di  tlie  analoiry 
is  nc'l  cninj'Itte  in  ilt-tail^.  Hainniai^ten,  Imwevr*!',  ]»iertr>  to  call  the  piotcid  in  milk. 
<-a^ein  :  wliile  tip'  rdairnlatcd  j>iut<-i<l  Ik-  tcims,  at'liT  Sehul/e  and  ]{"so  {LiDidi/-. 
r>  i-^ii</is.  Stiff.,   1',  rlin.   IM.  xwi.  ,  paracasrin. 

-'  l-'"'ia  eriti>al  arti'l"'  "n  tin-  estimation  of  the  various  jnotcids  in  milk,  see  Schlossmann. 
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sftJts  appiear  necessary,  and  that  coagulation  can  l>e  delayed  nr  prevented 
by  decalcif jing  the  tluid.  Tliin  k  must  readily  done  by  adding  a  small 
quantity  of  a  SHlul)le  oxalate.^  Peptone  has,  as  with  blood,  a  retarding 
effect  on  coagnJation.- 

Green  ^  has  wuggested  that  there  is  a  definite  relationship  between 
the  ferment  and  the  calcium  salt,  re^se^Jd^!ing  timfc  which  exista  between 
pepsin  and  hy^lroohloric  acid.  Haniniarstcn  *  and,  later,  Kin^^er^  showed 
what  this  relationship  is.  The  forma tioiMif  casein  fnan  ciiseinogen  is,  in 
fact,  a  double  process :  the  first  action  is  that  of  tlie  ferment  which 
oonrerts  the  caseinogen  into  what  we  may  call  ''sriluble  msein";  the 
second  action  is  that  of  the  ealciura  salt  which  precipitates  the  casein 
aa  curd,  which  is  prubably  caseate  of  lime.  This  may  be  shown  by 
t&king  a  solution  of  t^iseinogeu  and  adding  rennet;  if  the  mixture  is 
wanned  to  40'"  C,  no  visilde  change  occurs;  but  nevertheless  soluble 
caaein^  and  not  ea^einogen,  is  n^iw  present.  If  the  mixture  is  now  boiled 
to  destroy  tlie  ferment,  cooled,  and  a  drop  of  2  |>er  cent  cnleiuni  chloride 
added,  the  formation  of  a  curd  takes  place,* 

Casein  and  c^aaeinogen  ditler  in  several  of  tfieir  properties.  The 
cord  of  caseintjgen  precipitated  by  acetic  acid  is  not  nearly  so  coherent 
ae  the  curd  of  casein  produced  Ijy  rennx?t,  Tlie  prccipitaliility  of 
caseinogen  by  acid  is  not  preventctl  by  the  additinn  ui  an  oxalate, 
and  there  is  13  per  cent,  more  CLdcinui  phosphate  used  up  in  retmel 
coagulation  than  in  acid  precipitation.^ 

The  action  of  rennin  upon  c-aseuuigen  is  not  a  simjtle  conversion  of 
that  pix)teid  into  one  of  a  more  insoluble  kiud;  but  just  as  the  fibrin 
ferment  sphts  the  molecule  of  filninogcn  iuLo  an  insoluble  proteid,  fibrin, 
and  a  soluble  globulin  which  passes  into  the  seruiu,  so  rennin  sphts 
the  caseinogen  molecule  into  two  jiarts:  one  |>iirt  is  the  curd  or  casein ; 
the  other  is  a  soluble  proteid  which  passes  into  the  whey,  and  is  termed 
**  whey  proteid  "  by  Ilammarsteu.  This  is  the  etjuivalent  of  the  lacto- 
protein  of  other  investigators.  Some  of  these  state  it  is  like  a  proteose 
or  peptone.  It  is  certainly  not  coagulated  by  licat ;  it  is  jneeipitable  by 
saiui-ating  with  magnesium  .suljihate ;  reunet  has  no  fiirlhei'  action  on 
it  It  does  not,  however,  give  the  pink  biuret  rein'tiou.^  It  cnntains 
C.,  50*3  ;  and  N.,  13'2  per  cent* 

CaseinjOfjen, — This  proteid  may  be  precipitated  from  rjrilk  l>y  the 
aildition  <jf  acids  like  acetic,  ur  by  satiiratinn  with  salts  like  sodium 
chloride  and  magnesium  sulphate,  or  by  half'saturation  with  aiunionium 
sulphate.  In  all  Ciises  the  fat  of  the  uiilk  is  cutiiugh'd  with  the 
precipitate.  Caseinogen  may  be  most  rcailily  prciaicd  free  from  fat 
by  first  half-satumting  the  milk  with  annuonium  sulphate;  the  precipi- 
tate is  collected,  well  waslied  with  half-saturated  solutit^n  of  the  same 

*  Arthur  and  Paj^t'^a,  Arrh.  ds  phifsi^.  iwrm.  et  path.,  Paris,  St-r.  5,  tomo  ii, ;  CompL 
fcndL  Soc.  de  hwl.,  Paris,  tome  xliiL  The  iirldition  ol  oxalates  (lo*  :^  not  alisnliitoly  ileealfify 
blood  or  luilk ;  tbe  cak'inm  inclose  combimition  with  tlu*  proteid  R'ln.iiua  UTU>rcL  imitated. 
Bee  Schafer  {Proc  Phijshl.  Soc,,  1895,  y.  xv^iii) ;  Ilnniinarstf'ii  {Zfsrhr.  f.  pfufiiiol.  Chem.^ 
Strawbarg,  1S9G,  h^h  xxii,  S.  333),  and  also  th*'  articb  in  tiiin  hmk  on  niotKl.' 

'  ISdmundB,  lae.  ciL  ^  Journ.  Piajitiu!,,  ( "^iinbridtic  aiiii  LoTirlrin,  vol.  viii.  p.  37T. 

*  '*Xar  Kenntnids  dcj*  Kaseins,"  Novn  Aria  Il^if.  Soc,  SriKiif.^  Ujifuiln,  1877.     Fegtachnfl. 

*  Joum,  Physiol. f  Cambridge  and  London,  vtsl.  xi.  p.  4<)l. 

*  Here  the  analogy  of  caaem  and  tibrin  breaks  iluwn.  fn  blood  ooarrnlatioii  the  cal- 
ciam  salts  aasiat  in  the  geiifsia  of  the  librin  ferment  ratht^r  thaii  in  tlie  formation  of 
fibrin  from  fibrinogen  (Hammarsten,  loc.  cit. ) 

'  D.  F.  Han-is,  Joum.  AmU.  and  PhifsM.,  Londtui,  1S91,  vol.  xxix.  p.  188. 
■  Halliburton,  Jb^arji.  Phyitiol.^  Cambridge  and  fjondon,  vob  xi,  p,  \^t, 
»  Ko9tcr,  Jahrcsb.  iL  d,  Fortsckr.d.  TkitrChera.,  lid.  si.  .S.  14. 


136      THE  CHEMISTRY  OF  THE  TISSUES  AND  ORGANS. 

salt,  and  then  distilled  water  is  added.  This,  in  virtue  of  the  salt  adhering 
to  the  precipitate,  dissolves  out  the  caseinogen,  and  carries  it  through 
the  filter,  the  greater  part  of  tlie  fat  being  left  behind.  From  this 
solution  the  caseinogen  is  precii)itated  by  acetic  acid ;  it  is  collected, 
thoroughly  washed,  and  dissolved  hi  dilute  alkali  like  lime  water,  and 
purified  by  rejjcated  precipitation  with  acid  and  re-solution  in  alkah. 

Einger's  method  of  obtaining  caseinogen  is  a  slight  modification  of 
that  of  Hamnuiisten :  he  precipitates  caseinogen  with  acetic  acid,  collects 
and  washes  the  precipitate,  and  grmds  it  up  in  a  mortar  with  calcium 
carbonate;  the  mixture  is  thrown  into  excess  of  distilled  water;  the  fat 
rises  to  the  top;  the  chalk  falls  to  the  bottom,  and  the  hitermediate 
opalescent  thiid  is  a  solution  of  caseinogen.  The  separation  into  the 
tlu-ee  layers  may  be  liastened  by  the  use  of  the  centrifuge. 

In  both  cases,  tlie  caseinogen,  if  it  has  been  thoroughly  washed  from 
soluble  calcium  salts,  will  not  clot  with  rennet ;  tlie  lime  water  in  the  one 
case  and  tlu;  calcium  carbonate  hi  the  other  not  being  sufhcient  to 
cause  Mh?  sc})aration  of  the  curd :  this,  however,  occurs  immediately  on 
the  addition  of  a  soluble  salt  of  Ihne  like  tlie  phosphate  or  chloride. 

Solutions  of  caseinogen  are  not  coagulated  by  heat.  By  ])rolonged 
heating  they  become  opalescent;  this  often  disappears  on  cooling.  In 
some  cases  a  scum  forms  on  the  surface,  as  in  milk. 

Caseinogen  is  not  a  globulin;  still  less  is  it  an  alkali  albumin:  it  is 
a  nuclco-albuniin. 

Analyses  l)y  Chittenden  ^  gaye  the  following  result — C,  i)W.\ ;  H,7'07  ; 
X,  lol)!:  S,  0-S2 ;  O,  22-04.  The  amount  of  ])ho.sphorus  was  not 
estimated.  Danilewsky'^  considered  it  to  be  a  mixture  of  two  j>roteids, 
but  this,  as  I  laniuiarsten  ^  showed,  was  due  to  faulty  UK'tbods  of  prepara- 
tion. Chitlcudeu  made  a  study  of  the  caseoses  and  ]>roteoses  obtainable 
from  it  by  digestion. *  Sebelien/'  who  also  prepared  Ciisein  peptone, 
states  it  is  (iplirally  inactiye — a  most  exce])tional  occurrence  among  pr(»- 
teids.  The  most  iiit(*restiug  fa<'t  a])out  its  digestion  l>y  gastric  juice, 
however,  is,  that;  it  yi(;lds  a  ])r(M'ipitate  of  nuclein,  or  ratlier  of  ]»seudo- 
UUeleiii  ''  (see  ]»]>.  (jo,  GO). 

The  amount  of  and  varieties  of  ealeium  ])lH»spbate  in  union  with 
caseiiioL^nMi  and  e.isein  has  been  investigatecl  by  Soxhlet  and  S(>ldner" 
and  by  Couraiit.''  Soldnei'  describees  two  calcium  C(»m]>ounds  of 
caseinogen,  eontaiuing  res])ect.iv(?ly  Too  and  2'.*5()  ]»er  cent,  of  CaO  ;  these 
are  cilltMl  (h'caleium  casein  and  ti-ieak^iuiu  casein.  Morac/.ewski  ^  finds 
thai  the  yii'M  of  ]»seudo-nuclein  varies  from  I'.')  to  21T  ]>er  cent, 
of  the  caseinogen  emjiloyed;  he  finds  that  tli(^  amount  of  ])hos- 
])hoius  in  tlio  ])seudo-nuclein  varies  fi'om  (I'SS  to  G"S()  ])er  cent.  The 
whole  ].hos|)horns  of  the  casein  is  not  in  tlie  nuclein:  the  (juantity 
ill  the  niulein  is  given  as  from  G  t(»  00  ]>er  cent,  of  the  whole.  This  has 
l)een  eonlirnie<l  by  Salkowski  and  liahn.^'*     These  (»bsei\ers  also  tind  lliat 

'  StinJ.   J.nh,    ['husiul.   i'hr))K,   Nrw   ll;i\<H.   vol.  ii.   ]..   l.'.r.  :    iii.   \k   ♦^'' 

'-  ZHdn'.  1'.  ])ln,-u-.!.  rin,n..  Str.i^sl.iii-L,',  VA.  vii.  S.    I.".:;. 

'•'  Jhi.I,,  VA.  vii.  S.  2l>7. 

'On  i-i.toniN,   !  milk   »•<•  aKo  IIo:  toii-Smitli.  Joi'r,i.   /'/it'sio/.,  C,\u\]>vu]<ro  .xud  L(.ii.l.ui, 
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Ibe  peeitdo-niiclein  is  partly  soUihle  in  tfjistrit^  jtiice;^  it  is  by  far  tlie 
most  Bi^luhle  of  the  nufleias,-  tlioii«^li  the  uuijiuity  are  partly  Holuhle 
After  jKintTf'utio  digeHtirni.^ 

CVjL**  uf.— This  name  hIihuM  be  restricted  to  tbe  pn^teid  foriiietl  h\ 
the  actio ti  uf  reimiii,  nr  of  feniientH  tbat  aft  like  remiiiL  Aw  a  ^a^ueral 
rule,  it  is  more  insoluble  than  easeino^en  :  it  in,  however,  reatlily  .sobible 
m  dilute  alkalis  8ueh  as  Uiiie  water.  From  ihe8e  Hohitioiis  it  ia  reailily 
jireeipitable  by  traces  of  eak-iiiin  cbloritle ;  and  alsn  [»y  , sodium  ebhiride 
OlAiniiiarsten K  Tbe  precipitate  with  calriuia  i-blmide  inerease.s  on 
b&itiiig,  liut,  bke  many  calenun  compoim<ls,  partially  reiliwsolves  on 
cix»ling  (liiiiger), 

The  main  distinction  l>etweeii  eanein  ami  caseinogen  is,  btjwever, 
that  which  w^as  tinst  insisted  on  by  HannnarHten,  namely,  that  wiseimtifcn 
GAD  be  eurdleil  iiy  rennet^  casein  rannnt.  Snme  recent  wiak  by  1>.  V. 
Harris  *  and  IVterH '^  appeared  to  caslilnnbt  n]K>n  tin.s  essential  ilistint  ti<»n, 
and  Ui  suggest  tlie  possibility  of  reenaj^nlatidU  nf  casein,  analo^^«ins  to 
Ihmt  of  my*KHin.  Tbe  fallacies  irjtu  v\hicb  these  observers  were  drawn 
bive  been  {wanted  out  independently  by  Eiinmnds.*^  HannnarstenJ  and 
R  Benjarnin.'*  Petei*s,  for  instaiu^e,  nse<l  a  jueparation  of  rerniet,  ric*li  in 
eijtiiuiij  chloride  and  ealcium  salts:  tbe  iirecipitate  be  obtained  by  adding 
this  ti»  a  jsolutiiui  of  r^iisein  was  (hie  to  tln'se  salts,  nwl  in  tlie  fcriornt, 

Panerf'aik  caji^in. — An  interesting^  vnrii'ty  of  mscin  is  tltat  fnrnieil 
by  the  action  of  {>ancreatic  juire  on  nntk,  width  has  been  rorently 
investieatecl  by  Brodie  and  myself." 

KUhne^^  was  tlie  tirst  to  point  nut  tliat  exMacts  made  front  the 
jjaocreas  of  the  dofj  cause  milk  to  coa^^nd^jte;  Uds  action  was  descTibeil 
ID  aome  detail  by  Sir  William  Kobertn.^'  V:tri(»ns  cnnditions  which 
minence  the  chitting  weie  observed  by  Kdkins,^^  and  the  (Kcurren*  e  of 
the  action  in  pancTeatie  extmets  from  a  nnnd»*'r  of  animals  dclrnuincd  by 
Harris  an*l  GowJ^ 

Our  attention  was  drawn  to  the  stdijett  by  a  sent<*nf<»  in  Prof. 
Gamgee  s  "  Physiological  rhetuistry,"  ^*  in  whirb  la^  jMiints  ikU  tltjjt  it  does 
not  neceasarOy  follow  that  lieeanse  cxtraets  of  Lbi-  or^^an  have  a.  clottin*/ 
actiim,  the  pancreatic  juice  j>ossesKcs  it  also. 

We  accordingly  iH^rfiarued  exi»erimonts  with  tla^  sn-lnal  pant  rr:tl  ie 
aocretion,  obUiined  from  temporary  fistida:  in  do^^s,  ami  mu  concbismns 
ire  summarised  as  foHows :- — 

1-  The  pancreatic  juice  obtained  fnau  tcmpuiary  |KUii  rcNltr  tistuhe, 
fmm  dogs,  produc^B  a  clumoe  in  tbe  lascim^jjcn  i>f  ndlk. 

*  The  nutritive  v^ilue  of  caaein  is  given  \>y  Man  use  {Arch.f.  tL  ijf'n.  Pfit^^itfL,  Umm,  \U, 
UiL  8.  223 >  as  «?tjujil  to  tbat  ormisit  jnoti^i<iH. 

*  E,  SmlkoK^ki  {Virchow's  Arehiv,  BJ.  «'xliv.)  hUiUh  tlutt  riLsf-iringiii,  it  not  toaLpilulnl  iii 
tlitnroccas  of  prep«Tation,  is  conif»lot*jly  ^lignstcd  iy  ^astrir  juite/if  u  sijflicif'iit  voluinb  of 
tbt  wtter  tm  eiriploypfl,  e.g.  500  \u\ri»  wf  J^asti  it-  ju'u-f-  Ui  1  «>[  riisi^iiing^^ii. 

'SeMien,  Ziadkr,  f.  phj/xioi.  Vhtm.,  Sn,ilwilnlJ,^   ll*i.   x\,  ;  V»jpAT,   ibi'/,,   tJd.   xviii.  : 
Gnmlicli,   tftirf.,  Bd.  xviii.  ;  Weiiitrauil,   rcrhftn'iL   iL  phijsiiJ.  f.'rst/fsf'h,,  Atvh,/,  phifnioi,^ 
.«.,   1895;    Clara  Wilttenow,   Iiinii^.   IHa^.,    Urrn,    i^'X\:  \\\    ^imlnwyi-r/  ^fn/hr.   / 
fj^J   Chem.,  Strasabiir^,  18&5,  BrI.  xxi.  S.  ii7,  *  A^>«^  rit. 

Mchrift,  Rcj8tot-k,  1894.  *"  L^h:.  eit. 

\f./.  physiol.  Chem.,  8trassburg»  1896,  BtL  xxii.  S.  103. 
r  *,zAovr's  Archiv,  1896,  Etl  cxlv.  S.  30. 

*  Jmtm,  PhtisioL,  Cflm bridge  and  London,  1S£*H,  vfil.  xx.  .S.  !»". 

*•  Vrrhnndl,  d.  naturh.'med.  Vtr.  rti  Ifriffj-lfN-rfj,  N*  F.,  I't  iii-  H,  ;{, 

**  /Viae.  Mifff,  Soc.  London,  1879  and  ISSl, 

.  Phjfwiol.,  Oambriclgi^  &iLd  London,  1851,  vol.  xii.  |>.  19^* 
nn,  vol  xiii  p.  4(J9,  ^'  Vol  ii.  p.  HG, 
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2.  This  action  t  .ffers  from  the  action  of  renijet  in  the  following 
particulars  i — 

{a)  Tlie  precipit4ite  of  casein  occurs  in  the  warm  bath  (35°— 40"  R) 
ill  the  form  of  a  finelj  granular  precipitate,  the  milk  to  the  naked  eye 
nudergoing  no  tshange  in  its  llyLtlity.  On  cooling  tliis  to  the  temperature 
of  the  au\  it  sets  int3  a  coherent  ctird  which  ci  in  tracts  to  only  a  small 
extent,  and  is  again  aroken  up  into  tine  giiajiules  by  waiming  to  35"^  C, 
the  milk  to  the  nski  d  eye  becoming  again  iluitl  ThJs  may  be  repeated 
a  great  number  of  ti  nes, 

(ft)  This  phenomenon  is  not  prevented,  hut  only  slightly  hindered,  by 
Buch  au  addition  of  potas.siam  oxalate  as  completely  inhibits  the  activity 
of  rennet. 

3.  The  experimenl  tracts  of  the  gland  lead  t/O 
sLonlar  residts,  which  action  of  the  tryptic  ferment 
is  very  energetic. 

4.  The  precipitat"  visionally  termed  purwreatw 
casein.  By  the  actic  converted  into  true  casein. 
Its  golubiliti€!S,  as  si  wing  table,  are  f^rtly  like 
those  of  easeinngen,  ]  aeiu.  It  is  probably  some- 
tliing  intermediate  be 


(a)  In  Wttler  +  CaCO, 
(t)ln  Unie  water 


prodnceil  by  j(n idl- 
ing CaCL  to  {b} 
{d}  LiriRi  water  solii* 
tiun. 


(f)  In  0'5  swnUuiti 
hicarhtiimte  snlii- 
tiuiL. 


\ii}  i^iiuitln. 


Sol  obits 

Silly  l>le ;  ^>re.di>itaUle 
with  thineufiv    l>y 


Soluble  ill  5  per  cttit. 


fijsobible* 

i^ulublc  I  precijiitftblu 
with  fast:  by  Oil  CI  a ; 
linNL^initatt  pro- 
ducfd  by  trai^o  uf 
CttClaat40',  Boiuble 
un  cooling. 

Iiisuluhk  ill  5  pfT 
ui^ut.  NnCb 


Ctvit^erteil  iiit«*  irtseiu  S^Mt'iwlilyprecipitablc 

pliork     tmi\     jind  salts  that  tboflL-tion 

remu^L  €it  leiiijrt  voMh]  not 
bi!  pn>[M  rly  hj8tL*d. 

Siihibk- ;  pn^dpitAltlr  Sobildi- ;  [in?r'ipitibk 

with  t'JLfscby  DiCl^;  witli    <liJJieulty    by 

jiriMjipitJite        pro-  C*»Clj, 
ditreil  by   tmi'<'  K*f 
("aCL  at   1U',  di,s. 
aolvtN  on  (.cmlhi^p 


(c)  P&nereaLiCJ  Oiwbin. 


In  soluble, 

SoUible  ;  prtdpt table 
with  ejiwe  I'j  CaCL  ; 
|irei'ipitate  pm- 
diiewl  by  trac©  of 
C^CL  at  40';  not 
&cjlubl(i  on  8'oulingt 

Slightly  i^uhible  in  5 
per  L'tTiL  NftCb 

Fkhaves  likp  <;astiii» 
ogen* 


.^tilublp  I  pretripitiible 
with  eJiKc  by  CaClg  ; 
prtscii>itate  pro- 
aut-ecl  by  tiac©  of 
CaCLat  40  C,  not 
soUt1»le  an  cixiUng. 


The  casein  and  cascinogen  of  human  milk. — The  facts  described  up 
to  the  present  point  are  derived  from  experiments  on  cows*  milk. 
There  are  veiy  important  dillerenees  between  this  and  the  principal 
proteid  of  buiiuui  milk.  A  large  number  of  investigators  ^  have  noted 
such  (litl'erences  as  a  more  finely  subdivided  and  more  easily  digestible 
clot  formed  l)y  I'onnet,  but  the  diHereuee  between  the  two  proteids  goes 
deeper  than  that.  Human  cascinogen  is  more  difficult  to  precipitate  by 
acids  (and  is  easily  soluble  in  excess)  and  by  salts;  it  often  will  not 

^  nredert  and  Schr.dtM-,  ('f/Ura/bl.  /.  <((/ric.  C/ion.,  Loii)zig,  1888;  Biedert,  "  Untersuch. 
ii.  d.  clioni.  UnbTschiede  der  AMenschcu  uiid  Kuhniilcli,"  Stuttgart,  1884  ;  Ijanggaard, 
Virc.hoiiin  Are.hiv    Bd.  Iw.  :    M.ikris    fiian<r.  Diss.    Sfr.issliiirff    lS7fi 
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doi  with  reanet  at  all;  wheu  it  does  so,  the  clot  ia  a  Hoceiileiit 
ptecipitate,  which  frequently  rediH.snlveB  lapidly  in  excess  of  gastric 
juioe.  Acconling  to .Szontogh,^  liuinsiii  fMs-innj^Tj  vii'Ms no  pseuclo-Tinclein 
on  gastric  dige«tion;  this  was  coiifiriiiLHl  liy  WiulilrwRki,^  who  found 
also  that  hmnati  caseinogcn  has  the  followinf,^  percent aL^c  ct imposition — 
C,  52-24;  H,  r31;  N.  14  D;  P,  068 ;  S,  1117;  0,  l>::  fWi.  This,  it  will 
be  seeB,  is  different  from  the  composition  of  the  cast  itj*L;<  u  nf  cows'  milk. 
Human  caseinogen  contains  phosphorus,  hut  nf>t  in  the  form  of  iiseudo- 
nacleiiip  as  in  cows'  niilL 

Wroblewski  finds  that  human  milk  contains  small  quantities  of  lact-albutuin, 
m&d  »>f  another  pruteid  very  rich  in  ^nlphnr  (4*7  per  cput)  and  pcx>r  in  carbon 
(45-01  i*er  cent),  T/*hmann  and  Henipel^  iirid  that  the  caseinogen  of  cows* 
milk  contains  7*2  ptT  cent  of  ash;  thi^  consists  of  CaO,  49 "5;  JfgO,  2*4; 
P»U^  47  0;  and  S(j.^  1*06  jier  cent  The  elementary  composition  of  the 
proteid  is  given  as  C/50'86  ;  H,  6'7i! ;  N,  14-63  ;  l\  0*81  ;  8,  072  ;  ayh,  6'47 
ptr  cent.  The  caaeinogen  of  womsm's  milk  contains  more  sulphur,  I'OD,  and 
less  ash,  3*2  per  cent  Some  of  the  differences  between  the  two  caseiiiogena 
ftce  doubtle^  dependent  on  the  amount  and  nature  of  the  ash  with  which  they 
mn  aasociAted. 

The  occurrence  of  nm*leon  (phospho-carnic  acid)  in  milk  has  already  been 
mentloneil  on  p,  104.  Siegfried  ^  stites  that  the  nutdeon  accouiit.s  for  4 To  pnr 
cenL  of  tlie  phosphorus  in  human  milk,  hut  for  only  G  per  ct^nt  of  that  in 
eows'  iniJk.  Practically  all  the  phosphorns  in  hnmau  milk  is  in  organic  coin- 
bination  (nncleon  and  caseinogen). 

Lari-aJbufnin. — After  the  prcci]iitatioii  of  caseinogen  and  lacto- 
^biilin  by  half'S^ituratioii  with  amninniimi  sulphate,  lact-albuniivim  re- 
mains in  solution.  It  eiiu  be  incompletely  preci]iitated  fnam  this  solutinn 
}fj  saturation  with  sodium  sulphate.  It  is  coinpletely  precipitated  with 
the  other  proteids  when  milk  is  saturated  with  aiiinionium  sulphate.  It 
cuogulateij  between  70'  and  80"  ( ■. ;  in  cows'  milk  at  77^  C  It  is  not 
Kparahle,  like  serum  albumin  and  egg  albumin,  into  several  proteids  by 
fractional  lieat  coagidation.  It,  nioreiner,  is  coa^^ulated  by  heat  very 
ilowly;  the  solution  must  be  kei>t  some  Imhus  at  77"  <■.,  before  it  is 
completely  precipitated.  Its  specific  rotjUory  ijower^'  a,|=  -oljV-^*lefia 
than  that  of  serum  albumin ;  it  has  the  following  percentage  composi- 
taon:  C\  52-19;  H,  7-18;  N,  15-77;  8,  i-7:i;  n,  2:vn.  The  high 
percentage  of  sulphur  is  another  di.stiurtiou  betwe»!n  it  and  serum 
ilinimin. 

Litrfi^/hbulin. — A  trace  of  globulin  is  obtained  ficnii  cows'  milk  hy 
aiturating  it  with  magnesium  sulphate,  after  the  removal  of  the 
cadeixiogen  by  saturation  with  sodiinn  cblnridc  (Seliolien),  Its 
characters  are  like  those  of  serum  glohulitK  The  auKjiint  of  globnlin  in 
colostrum  m  considerable,  but  in  fully-formed  milk  it  is  present  in  so  small 
la  amount  that  for  a  long  time  I  was  unaMe  to  einifirm  Sebelieirs  state- 
Hewlett,*' however,  %vho  workf^d  with  me,  c<»utirmetl  its  presence, 

.   Afrh,  f.  Mfd.,  Wieshadpii,  UrJ,  i,  8,  102;  Juhrrsb.  ti.  d.  F^nistkr,  d,    Thur- 
•»baden/Bd  xsiL  S.  108. 
Diss,,  Borri^  1894.    See  also  Moraczewski,  Zlachr.  /.  physwl.  f*hfm.,  Strnsslnug, 
K.  S.  28. 

'\  d.  gts.  PhvsioL,  Ilorm,  Bd.  Ivi.  8.  5S8. 
<  physioL  Che^tu,  Straaiiburg,  1897,  EkI.  \xir,  S.  To 5. 
.  Jakirjtb.  ii.  d.  Fortxhr,  d.  Thier-Chtm.,  Wiesha^l^n,  IM.  xv.  8.  l'*4. 
^IfiioL,  Cttinliridge  and  Loudon,  inn-j.  voL  xiii  ]►,  7t"8.    Seealsri  Arthur,  Arch, 
utrm.  ttpaih,,  Paria,  1893,  p  673. 
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Keinmerich  ^  stated  that  Ciisein  {Le.  caaeinogen)  is  formed  at  the  cost  of 
the  albumin  of  milk  after  secretion.  He  estimated  the  caseinogen  by  pre- 
eipitiiting  it  with  dilute  acetic  acid,  the  precipitate  being  subsequently  freed 
from  fat  by  ether,  dried  and  weighed.  He  estimated  the  albumin  by  weighing 
the  heat  coaguknn  after  separating  out  the  acetic  acid  precipitate,  and  he  found 
that,  after  the  milk  is  allowed  to  stand  some  hours  at  the  body  temperature, 
the  caseinogen  increases  in  quantity,  and  the  albumin  diminishes.  Diihnhardt'^ 
claimed  to  have  separate<l  out  from  the  cells  of  the  mammary  gland  a  ferment 
soluble  in  glycerine  which  hastens  this  process.^ 

These  exp<Timents  are  quoted  with  ai)proval  by  Heidenhain,*  but  do  not 
se(?m  to  have*  been  followed  up  recently  by  the  more  precise  methods  of 
modern  luilk  analysis.  The  ditferences  noted  by  Kemmerich  are  usually  small, 
audiiiiglit  h«'  well  within  the  limits  of  experimental  error.^  They  date  from  a 
time  when  lact  albumin  was  considered  to  be  identical  with  serum-albumin, 
and  when  caseinogen  was  looked  upon  as  nothing  more  than  alkali-albumin. 
Among  other  statements  made  by  Kemmerich  is  the  one  that  lact-albumin  is 
converted  into  casein  ])y  boiling — an  assertion  which  is  quite  sufficient  to  show 
the  somewhat  crude  notions  prevalent  at  the  time  concerning  the  proteids  of 
milk.  The  dominant  idea  of  these  workers  appears  to  be  to  account  for  the 
milk -proteids  as  simple  derivatives  of  the  blood  proteids. 

In  the  foregoing  account  of  milk,  no  description  of  analytical  processes  has 
been  given.  For  the  numerous  methods  which  may  be  used  in  this  highly 
technical  branch  of  analytical  chemistry,  the  reader  is  referred  to  text-books 

on  that  science. 

'  Arch.  f.  <L  'i^s.  J'/ii/sio/.,  Bonn,  18G9,  1^<1.  ii.  S.  401. 

-  //y;(/.,ls70,H(l.  iii.  S.  fiSt). 

■' .f.  r.  LcliMuimi  considered  that  ea.seinogon  is  formed  from  albumin  by  weak  alkali 
{('nitnilhl.  f.  ,L  mat.  W'isscnsrh.,  Berlin,  1S64,  S.  530). 

^  Il.iniaiurs  "Ilandlmcli,"  1SS3,  Bd.  v.  S.  39.0. 

^  Tli;it  tliis  r'\]>lanation  is  jirohaldy  (•orre<"t,  is  shown  l)y  some  experiments  of  Schmidt- 
Muili.iiii  M/vA.  /.  </.  </,,s,  I'lnjsioL,  lionn,  1882,  Bd.  xxviii.  S.  243)  and  Thierfelder  {ibid., 
188;^.  1*,(1.  xwii.  S.  Cllti,  who,  hy  using  the  same  metliods,  found  a  slight  diminution  of  the 
casiiu  altt  r  milk  liad  >t<»od  some  hours  at  the  luxly  temperature.     Sehmidt-Midheim  suj»- 
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Gtmvity,  p,  143 — Ilcfiction^  p,  144— 0>Hgtil alio ii,  [k  145—  Ri -hit ive  Amount ^  of 
Flasma  aiid  Corpuackji,  p,  147— Xuiiiber  of  Ci^rpu.srles,  p.  140-  inrii  nd  foui- 
position  of  Blood,  ji.  153 — Composition  of  Bloml  ('urjmsrk-K,  p.  155— Comjitisi- 
taon  of  PliLsnia,  p.  156 — FrTjtei<ls  of  Plajinifi,  p.  161  —  Tlieoriert  of  (W«^iilatioii, 
p,  l$8 — Caus«^  of  Coagulation,  p.  178 — Lvmplt  and  allied  Fluid?*,  p.  181, 

Tee  blood  is  a  red  tluid  of  alkaline  n*5irtiini  ;  in  man  its  spwilie  gravity 
is  about  1*060.  It  lias  an  odnur  wliieh  is  differt'iit  in  dillereiiL  Hijuci*.'s 
of  aniioalB,  and  in^  Imnu^hl  out  by  the  addition  of  sulidnirie  acid.  It 
acts  more  or  less  mpidly  into  a  solid  cdot  or  t  ciai^uliuii  after  death,  or  on 
remnval  from  the  living  blood  vfS8els,  It  eonsislH  of  a  cdear,  yLdlowish 
Uqaid,  the  pbLsnia  or  liquor  FHinj^oiini.s,  and  of  ndorip.sotn>ic  partirlos  or 
QOrpmcles  of  two  kinder  the  one  kind,  less  nnniorons,  ternied  the  white, 
or  csoloiirless,  or  lymph  eorjuiseles  (lern'oeyteis) ;  the  other  kiml,  by  far 
the  most  numerous,  the  red,  or  eulf>ured  eorpu,sides  (frvthroeytes), 
which  give  the  hlooil  its  cliaraet.eri.Htic  tint.  In  addition  to  the,se,  a 
T&riable  niuuber  of  much  finer  disci lid  cnltmrlesH  ]iarticleH  (elenien- 
lury  particleH,  bloml-jdatelets)  are  a|iparent  in  a  mieroseo|ae  preijaratiun 
of  diawn  blooil^ 

Amount. ^Tlie  amount  of  Idood  in  the  body  was  detenuineil  in  the 
following  manner  by  Welcker:^ — A  measured  samjde  of  blood  is  dntwn, 
uid,  after  beio<^'  defibrinated,  portions  id'  it  are  diluted  to  fliilerent  degrees 
to  serve  as  samples  of  comparisim.  The  rest  of  the  blood  is  then  eolleeted 
and  detibrinated,  and  the  vesHelM  are  washed  <mt  with  sjilt  solutinn  until 
tiie  washings  are  eoloarless:  they  are  all  added  to  the  <kdibrinfiled  blood, 
which  is  now  dilnte<l  with  water  until  it  cinres]iouds  in  tint  witli  one  of 
the  above  sampler,  the  dilution  c^f  which  is  aee«uat<*]y  knnwii.  The  total 
ijtiantitjr  of  blixnl  in  the  vesHels  ain  then  be  cideulated.  In  urder  to 
^itain  every  trace  of  blootb  Welcker  further  nnnced  np  the  wlnde 
saimal  and  extracted  the  tissues  with  water,  adding  this  to  the  mass 
of  blfMxi  Some  htemoglobin  would  thereby,  however,  br  yieldc<l  by  the 
muscles  (Ktihne). 

Tlie  amount  has  also  been  determined  duriuj^^  life  by  the   method 
f  Gr^hant   and   Quinquaml,*   who   allowed   an   animal    to    inspire    a 

»  ^JtrAr.  /   ral.  Med,,  1858,  Ser.  3,   Bd.  iv.  S.   147.     Welcker'.-*  method  is  impruved 
nbioing  the  h»moglobiD  with  carbonic  uxidi^  giis  (<Tescheidli'n). 
hm^   rmd,  Acad,  d.  ac.,    Paris,   1852,    toiuu   xciv.   p.    1450  ;  Juura,  £/<;  t'amd.   ci 

-^.  ate.,  Paria,  1882,  No.  6,  p.  564. 
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measured  amount  1  :  carbiniic  nxide  (nuxed  with  oxygen);  then  drew 
off  a  measuretl  quai:  ity  of  Moud,  and  deteniiiiied  the  amount  of  oir^Mimic 
oxide  this  ccmtaineo ;  the  aii^oujit  in  tlie  whole  rif  the  bhxKl  in  the  hjdy 
would  be  in  tlie  s*m:e  proportion,  and  the  quantity  of  blood  conld  thiiB 
be  calculated.  The  result  arrived  at  by  thene  two  njethiNlti  h  that  the 
blood  is  equal  tu  { iie-eleventh  tt.»  on  t^- four  teen  tli  af  the  body  weight 
(about  5J  kilos-  in  a  man  (»f  70  kilop.). 

Colour:  laking '  if  blood. — The  eolonr  of  the  blood  varies  in  different 
parts  of  the  vasculfi  *  sytjtem.  The  diiferenees  sire  de]ien(lent  upon  t!je 
amount  of  oxygen  u  combination  with  the  lui-moglotiin.  The  colour 
also  becomes  idtei-el  by  any  reagent  tu'  eiicunistjinee  whieli  tends  to 
cause  the  hanioglohin  to  m.m  out  from  tlie  corpuscles  into  the  cireum- 


jacent  fluid.     When 
appearance  anil  liecoii 
blood  is  readily  prodi 
water  holding  neutn?^ 
percentage  vtmQH  for 
blood  of  different  ani 
of  salt  as  suffices  to  k 
removal  of  any  of  tliF 
above  such  strength . 
For  human  blood,  a  si 
0*9  ;  for  defibriuated  o: 
Very  slight  dilVerenees  01  e 
me<ability  of  the  blood  eorfaip,. 


/,  the  blood  losejt?  its  oimque 
>f  a  laky  tint.  Sueb  "laky" 
'  distilled  water,  and  alBO  by 
a  eertaiu  percentage;  wliich 
1^  with  the  name  i^alts^  for  the 
uning  JHHt  Bueli  a  percentage 
altered  in  form,  and  without 
onic '' :  *  j^ohitionH  below  and 
1 1 o n i I  ■  "  a ii d  ' '  li Y I  ler iso ton t c.' '  * 
^  irtotonie  witb  a  percentage  of 
jci  about  the  siinu*  fur  frog*8  hkiod, 
ition  will  tend  in  filter  tlie  itot- 
»">th  for  luemoglolun  and  for  other 
substances.  A  niiiuite  dimiiiutiou  in  tliu  alkalinity,  sueli  an  h  produced 
by  the  addition  of  OOOL^  per  cent.  HCb  so  alters  the  permeability  an  to 
cause  proteid  to  pas8  from  the  corpnwles  into  the  serum,  and  chlorides  or 
phosphates  t*}  pass  into  the  eor]aisclf^  fr<an  tbe  Hcrum  ;  a  mi imte  increase 
of  alkalinity  has  the  opposite  e fleet,  Tlie  ]nti^sing  of  oxygen  and  carbonic 
acid  respectively  througli  blood  produces  like  physical  changes,  and  it  haa 
been  suggested  that  these  ehanges  nuiy  come  into  operation  in  connection 
with  the  metulnjlie  cxehangeK  in  tbe  eapilluries.^  These  OBmotie  efleets 
alter  the  totrd  vnhnnt' of  the  r<upnseles  as  4'orn[>ared  witii  the  plasma; 
the  proportional  alterations  are  deternnued  by  r^entrifuga lifting  blood, 
and  then  nieaHunng  the  resjieetive  ajnounts  of  sul>sided  corpuscles  and 
su[>erjacent  plasnja.*  Laky  Idood  is  produced  not  only  by  water  and 
dilute  solutions  of  neutral  salts,  but  alno  by  many  other  reagents  or  con- 
ditions, such  as  crushing  of  tlie  ei irj uiscles,  fret^zing  and  thawing  the 
1)1()0(1,  and  also  by  tbe  action  of  acids,  of  alkalies,  of  bile  salts,  of  ether  mid 
chloroform,  of  ht^it  and  electricity.^  In  all  cases  the  i>ernieabj]ity  of 
the  envelope  nf  tbr  red  eorpuHcte  (see  p,  154)  I>ertiniehi  altered  either  by 
mechanical  means  or  by  the  solution  of  one  or  more  of  its  constituents, 


'  Having  tla-  saiiio  osiuutic  pressure  («le  Vrics,  Zfsdir.  f.  pln/sikal.  Chan.,  Leipzig,  1888, 
n.l.  ii.  S.  4iro. 

-■  HainlMir^'cr,  Arch.  f.  Ph;jsiol.,  Leij./.i^',  1886,  S.  476  ;  Zt^chr.  f.  liiol.,  Mitnchcn,  18U0, 
IM.  xwi.  S.   114. 

MJiinil.urpjei,  /Jschr.  f.  Biol.,  Miiiiclien,  1892,  VA.  xxviii.  S.  405;  Arch.  f.  Physiol., 
Leij.zi^,',  181^2,  S.  .^^13  ;  1  s'.»3,  Suppl.  Uett,  S.  153  ;  aii<l  Vcrhaiuid.  d.  k.  A  hid.  v.  WeUnsh. 
te  Aimtcrdam,  L^l*?,  S.  368. 

^  Koei>i>e,  Ardi.f.  J'/iysiol.,  Leipzig,  18i»r»,  8.  154  ;  lle«lin,  Skandiu.  Arch.f.  Physiol., 
I^ii.zi^r,  1895,  Bd.  v.  S.  207  and  238. 
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F(»i'  liteiatuie  of  tin's,  see  Rollett  in  Hermann's  "  Handbuch  der  Physiologic, "  Bd.  iv. 
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and  the  ha-mnfrloliin  in  thei-eby  peniiitted  to  difiiise  into  the  circumjacent 
ttmd 

Specific  gravity.^ — The  specific  gravity  of  the  blood  \'arie8  in  health 
within  suiall  limits,  namely,  for  men,  1057  to  1066;  for  women,  1054  to 
106L*  According  to  Lloyd  Jonen,^  it  m  lower  than  this  in  women,  averaging 
105 1~5  between  the  ages  of  35  and  45,  wherean  in  men  of  the  Banic  age  it 
averages  1058'5.  It  falls  a  little  when  much  fluid  is  injected,  and  is  raised 
a  little  by  profuse  perspmttion,  but  the  changes  thus  produced  are  very 
snialL'  It  is  sliglitly  less  in  cluldren  than  in  adults,  hut  it  is  higher  in 
the  fcEtu8  than  in  the  mother;  and  it  is  highest  in  the  child  at  term,  in 
which  it  is  1066,  the  specitic  gravity  of  t lie  maternal  bluod  heing  then 
only  about  10oO>  The  dimmil  variations  are  normally  so  small  as  to  he 
almost  n^ligeahle.  Passive  congestioii  of  tlie  part  from  wliicli  the  speci- 
men examined  is  taken  increases  the  specihc  gravity,  whereas  active  con- 
geatioD  lowers  it.  It  varies  also  accortUng  to  tlie  ]>art  of  the  Ijody  from 
which  it  is  taken,  such  variation  being  probably  due  to  accidental  admix- 
ture with  lymph.  Tluis  Lloyd  Jones  found  a  tlitTerence  of  as  mucli  as 
liiree  or  four  per  1000  between  i>lootl  from  the  finger  (lower)  and  blood 
bom  the  skin  over  the  shin  (inghcr).  Of  the  animals  examined,  it  has 
been  found  liigher  in  lurds  than  inannnals,  and  to  vary  somew  liat  in  these 
amnxaLs  in  ditterent  species.  The  variations  in  age  and  sex  nre  closely 
rdated  to  variations  in  the  amount  of  ba-mf^glnlnM.  Saline  siilution 
(KaCU  0*75  f»er  cent.)  injected  in  tjuantity  intt*  the  blood  oidy  tlepresses 
the  apecific  gravity  for  a  short  time.  The  sj»eciHe  giavity  of  lilood  from 
a  vein  is  practicidly  the  same  as  that  fronj  the  corresponding  artery,  if 
care  be  taken  to  avoid  venous  congestion.^ 

The  sjiecific  gravity  ^i  the  blood  falls  after  the  removal  of  blootl, 
dcnibtl^s  from  absorptirai  of  the  specitically  lighter  lyuii»h  from  the 
twuea  It  subsequently  (in  about  six  hours)  not  only  returns  to 
aormal,  but  even  rises  above  noraml;  after  aliout  twelve  hours  it  has 
permanently  recovereii  its  normal  si»eciHe  gravity.^ 

Almost  any  operation  performed  uj>ou  an  aniniid,  es|>eciidly  one 
involving  exposure  or  irritation  of  a  serous  membrane,  will  i»roiiuee  an 
increased  percentage  of  corjaiscles  (i>olycytha  luia),  or  a  corresjionding 
dimiiiutiou  of  plasma.  Tins  is  due,  not  to  iucreased  fm-mation  of  cor- 
puides,  but  to  exudation  of  plasma  in  tlie  inflamed  or  irritated  jmrt.'' 

"  Hammcrsclilag,  Zt9ckr.  /.  klin.  Med.,  Lkiliii,  1KJ>2,  P.rl.  x\.  .S.  I J  4.  Tlio  ivsitlLs  of 
other  workcri  wHl  bo  found  in  tlii»  im|K?r.  Fttr  tlie  Mliitr  litcmtmi^  sw  KoUfttj  op.  ciL^  8. 
134.  The  nimiben*  given  Uy  Ft^wi  {VaUralbl.  /  kiiv.  Mr*l.^  JSuiin,  1891,  Ud.  xii.  S.  217) 
sf«  1*055  AH  the  avt-ragt?  for  men,  tiiwl  1  '053  U^x  wunitit. 

'  Jvuri^  Fhynol.,  t  and>ridgt;  and  Loridun,  1HH8,  vol.  viii.  p.  ]. 

"Schmaltz,  Anh. /.  klin.  Med,,  Bt'rliJi,  ISHI,  bd.  xlvil  8.  IIG  :  CirawUK,  Zt^chr.f. 
Km.  Mf4,,  Berlin,  M.  xxl  S.  469,  and  Bd.  xxii.  S.  411. 

*  Llayd  Jouca,  op,  cii, 

*C«bnheim  and  ZuntK,  Arch,  f,  d,  grs.  Pfajahr,  Bonn,  1888,  Bd.  xlii.  S.  303. 
For  the  effects  of  v&ryiiig  conditions  of  heidtli  ami  ilisia.Hi>  upon  tlip  spcriHr  gravity 
of  the  blood  couijult  Lloyd  Joues^  Joum,  Phi/jfwl,,  OLm\*rh\^i'  iiwl  l.midnn,  1891,  vol.  xii. 

SO,  where  a  lArgF  iiucib«r  of  oWrvalioiiH  are  liccinntdaUHl.     Llnyrt  Joih-j*  worked  \*y 

r*«  method,     Scnolkoff  (Dis.^.,  Bern.  IS 9*2),  working;  1*y  11  dilForcut  ni^tljud  (]fyi  imrmti  r), 
obtAiDe^l  very  similar  results.     Both  observers  n^ree  in  the  inij»orttuit  frict  that  the 

liBc  gravity  varies  ha  a  ruk  pari  passu,  with  the  rirhiK-^is  in  htiMiiu^dobiu,     Vt^r  the 
^•ncifie  grmvity  in  ditfert*nt  aiiimalM,  and  lor  viiriiitioMM  i-xikitI mentally  induceil,  see  Sher- 
t&Ufboo  and  Copeman,  jQum.  /'AywW.,  Caiiihrifjgt!  iiiiil  Loudon,  1893,  vol.  xiv.  \\  52. 
^^  Ziegplroth,  Firtkows  Arddv,  18G5,  Bd.  clxi.  S.  395. 

^  S«e  on  thk  subject,  L^mit,   '^Sttidien  z.   Vhya.  n.   Path.  d.  Blutes,"Jena,  1892;  W. 
Hantcr,  Jtmrn.  PkynoL,  Canihridgi:^  and  London,  1890,  voL  xi.  S.   115;  Sherrinj^ton  and 
•.D,  foe.  eiL;  Sherringtou,  /Voe.  lioy.  Soe.  Ltmdan,  18&3,  vol.  Iv.  p.  Itjl. 


144  ^         THE  BLOOD. 

The  methods  whi  li  1iiivm>  l>eeii  nacd  for  tjeternuniiig  the  specific  tfravity  of 
the  blood  are — (1)  tl  ut  of  directly  weighing  a  eiiaiple  (pycnoDieter),  and  (2) 
Roy's  method.  The  atter  it?  by  fnr  the  readie^t^  and,  for  .siajail  r|Unntities  of 
blood,  the  more  accui  ite,  It  consists  iu  tmn?^f erring  minute  drcipi^  uf  bluod  to 
glycerine  and  water,  i  lixed  in  varying  i>roportion.s,  and  forming  a  griMiuateil 
series  of  liquids  of  di  fcrent  and  known  siiecilit;  gravities,  antl  in  observing  \ii 
which  mixture  the  dr(  p  tends  neither  txj  riee  nor  tci  fall  Tlie  method  Laa  l>een 
modified  by  the  use  of  benxojie  and  chloruform  mixtures  itist-ead  of  glycerine  and 
water, and  also  by  placi  ig  tljt*  ilrop  nf  \y\\%\A  in  such  a  mixture,  and  adding  benzene 
or  chloroform,  as  the  use  may  be,  imiil  the  drop  remains  exactly  suspended, 
tending  neither  to  rij-e  nor  fall  \  the  wpecjliii  gra^-ity  of  the  mixture  is  then 
taken  (Hammerschlag).  Tt  may  br  doubted,  however,  whether  tliese  modifica- 
tions are  more  readily  applied^  or  more  accurate  tlian  Roy's  methiid. 

Reaction. — Tlie  al  bh*ud  is  easil}^  reco^iised,  in 

spite  of  its  red  coloui',  iIuikI  to  tlio  »nrfjicc*  nf  ri  piece 

of  glazed  litmus  pap«  luto  wiping  away  \\\%>  lilood 

with  a  piece  of  cleau  ilk-d  wuUa-  or  with  uentral 

salt  solution.     The  ^  jh  was  coverc«l  by  the  bloo<l 

will  show  a  blue  patr  y  l>e  iimtle  between  ditlerent 

samples  of  blood,  by  lus  puperi^  whieb  liave  been 

reddened  by  standar  iigtlis.^     For  e»tiinatiiig  the 

amount  of  its  alkaliu:  in  Bmall  measured  quantity 

with  a  solution  of  »i  or    lining  a  definite  auiount  tif 

tartaric  acid,^  titrated  agnni  lyt      xide,  and  the  ndxture  found 

which  is  exactly  neutral  to  giuztA^  *itoiUK  j,  ler.  Tested  by  thi&  method,* 
the  alkalinity  of  lumjan  blood  is  foiiml  to  be  equal  to  abiuit  0'200 
grnis.  of  sodium  hydroxide  per  100  e,e.  blrKKl^  There  ap]jeam  to  lie 
a  diurnal  variation,  the  alkalinity  l»eing  lowest  in  the  morning,  and 
gradually  rising  in  tbi!  afternoon,  becoming  it\ss  again  in  the  evening.  It 
rises  during  (ligesti(>tL*^  It  is  diniiniyliod  Ijy  nuLHcnlar  work,  eHpecially 
witli  a  diet  containing  little  or  no  proteiilJ  On  the  uther  hand,  with  a 
diet  rich  in  ])roteids,  it  ujulorgot^B  very  little  aiteratif*n.  In  necordane*^ 
witli  Ibis,  it  is  found  that  raruivora  resi^^t  an  artificial  tUiniuution  of  the 
normal  blood  alkalinity  (sueb  as  would  be  cau»ed  by  giving  dilute  mineral 

^  Schafer,  Jouni.  PhysufL^  Gimliridgf  iiml  I^^iidoti^  1881,  vol.  iii.  \k  tSi'I. 

-  Haycraft  Mud  WilliaTiiHun^  /V^r*  littif.  Soe,  EtJin.,  is&S^  vtiL  xv,  p.  396*  For  fiillftci&a 
ill  the  clinical  applicatioiE  o(  tlii;*  nieliioil,  s«i*  IhitchiMODt  Ltfncefj  Lotiduti,  IS96,  Yoh  i. 
!».  616. 

'-^  Lasbar,  Jrch.  /.  d.  'jfH.  PhifmiL,  Bnati,  1574,  Ikl  ix,  a  41;  Dniuin  (TWise,  Paris, 
1892)  used  oxalic  acid. 

^  The  piiiK  iplc  of  the  im*th*d  if*  due  to  '/aihU,  wlio,  liowuver^  used  phos|ihtirie  ticid 
(Cenintlhl.  f.  il.  mal.  Jri!K^tn9*:h.,  BeHiu,  1867.  S.  80])  i  but  t}w  lietAib  were  ^^atly 
iin}>rovo(l  by  Limlois  ('*  Ri.'fll-EiiL'yklujiAdiK/'  Aul\.  %  \\d.  fii.,  artiele  **  Blvit '*),  For  otlier 
methods  ot  estimating  th(  ulkulinitj,  sec  v;  Liiiih>>'k.  IVhn,  uud.  HL,  iSfl^,  S.  2©r^ ;  Riid 
Schut/Schultzerstciii,  (V,dtidU.  f.  d.  med.  trisscnsch.,  iJerlui,  1894,  Bd.  xxxii.  S.  801. 
According  to  Mayer  [Ardi.f.  cxpfr.  Path.  u.  Pharmakol.,  Leipzig,  1883,  Bd.  xvii.  S.  304), 
all  titiation  methods  are  unreliable  with  blood,  Init  hib  conclusions  have  not  been  accepted 
by  m(>.">t  physioh)gists. 

•''  I'reudbeig,  V irclunr's  ArcJiiv,  1801,  Bd.  cxxv.  8.  it^^Q^  gives  an  average  alkalinity  in 
health  of  0-200  to  0'240  grm.  NaHO  j.er  cent.  JelVries  {Bndon  Med.  ami  *S'.  Joimu,  1889) 
obtained  about  0*20(>  as  the  average,  and  Drouin  about  0-206.  v.  Jaksch.  {Ztsdir.f.  klin. 
Med.,  Herlin,  IS^s,  lid.  xiii.  8.  ;J53)  found  the  alkalinity  of  normal  human  blood  a.s  high 
as  O-^r.O  to  0-;>00.;  Loewy  (^rt7<./.  d.  grs.  PhyitioL,  Bonn,  1894,  Bd.  Iviiii.  S.  498),  working 
with  ''hiked"  blood,  found  its  alkalinity- 0-419  grms.  NallO  ;  and  Berend  {Ztschr.  f, 
I/ti/k:,  Berlin,  1S96,  S.  Ik'.l)  obtained  an  alkalinitv  from  "hiked"  blood  of  0*450  to  0*500. 

«  Peiper,  Virchnw's  Archie,  1889,  lid.  cxvi.  8.  337. 

'  Cohn>tein,  rirrhoir's  Arrhiv,  1892,  Bd.  cxxx.  8.  332.  See  also  Gepj^ert  u.  Zuntz, 
Arch./,  d.  <jcs.  Phijaiol.,  Bonn,  18^8,  Bd.  xlii.  S.  233,  and  Peiper,  loc.  cit. 
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icids  by  the  mouth),  whei^eas  herbivom  <ihuw  110  yiich  reaiBtauee.^  The 
reault  appears  to  l>e  due  to  the  fact  thfifc  ununouia  becomes  split  off  froni 
Ifae  superabuudant  proteid  in  place  of  urea,  and  serves  t\\  unite  with 
snd  neutralise  the  excess  of  acid. 

Kraos  found  the  alkalinity  to  Iw  diminished  by  hiking  the  blood,  i.e,  the 
to  become  more  acid  after  the  corpuscles  are  broken   up,  but  Loewy  ami 
lers  have  fouad  it  to  he  very  high  under  these  conditions  ;  alkaline  sulxstanco8 
the  corpuscles  coming  also  into  estimation/-     It  is  diminished  after  with- 
ilnwml,  and  during  the  process  of  coagulation  (Zuntz) ;  -^  wlien  this  in  completed, 
it  t<  about  "04  ^^m..  NaHO  less.     The  alkalinity  ia  also  diminished  in  fever  and 
IB  many  diaeasei*.      In  diabetic  coma*  ami  in   the  cold  stage  of  r.ht>lera''  an 
acid  reaction  has  even  l>een  detected.     The  diminution  of  alkalinity  is  accom- 
panied by  a  diminished  amount  of  carlwnic  acid  m  the  blooth 

The  aUcB^lmity  is  usually  stated  to  lie  due  to  carboTuite  and  phofiphate 

of  soda.     Tills  may  be  true  for  the  alkalinity  of  tlie  plasma,  but  it  is 

ipgnffieieiit  to  account  for  that  of  the  corpuscles  as  welh  and  in  tbeni  is 

I^Kobably  largely  due  to  tlie  presence-  of  or^'anic  HuljstaTU'Cs  of  weak  liasic 

^^■liire.     Thus  it  was  found   by  Zuntz  ami  Lt.diuiaun/'  that  \vberca»  a 

^^Bniple  of  cahnned  blood  showed  an  alkalinity  e([uivalcnt  to  0*240,  and 

^^ne  estimation  of  the  alkalinity  of  the  same  blood  by  the  amount  of 

I    carbonic  acid  it  would  eondnne  witli  gave  an  alkaliinty  equal  to  027G, 

tlie  ^itimation  by  titmtion  of  the  mMw.  blood  after  hiking  ^^ave  n  result 

m  high  as  0*832.     Saturation  of  bhuid  with  carbon ie  aciil  eunses  the 

eorpiiscles  to  beconie  less  and  the  serum  more  alkaline.^ 

Although  the  blood  is  alkaline  in  reaetion  to  lilmua,  it  contains  salts 
(hydrodisodic  phosphate  and  sodie  T)iearl>oiiate)  which  are  theijretically 
aeul,*  ha\ing  the  power  lioth  of  fixing  liases  and  of  turning  other  aeids 
oot  of  combination  (Rollett).  In  tliis  sense  the  "acidity"  as  well  as  the 
•* alkalinity  "  of  the  blorHl  can  l>e  spiiken  of.  Aecording  to  Krans*  it  is 
normally  equivalent  in  venous  blood  to  front  0102  to  \y%\'l  gnn.  NaHO  per 
100  grms.  Wood  ;  being  increased  in  conditions  of  fever  to  0*272  j^n  in.,  and 
in  diabetic  coma  to  0'.H47  gnu. 

Coa^olation. — ^The  blood  begins  to  coagulate  three  or  ffitir 
minutes  after  it  is  cirawn,  and  the  process  is  comiili4.od  in  seven 
iir   eight    minutesJ"      The  process  is   luislened   by  warmtli,  by  agita- 

»  Walter,  Arch,/,  ejcper.  Paih,  u.  Fhanmikoi.,  Leipzig,  1877,  Bd.  vii.  S.  148. 

»  Entia,  ZUchr,  f,  Heilk,,  1800,  Bd.  x,  S.  lOH  ;  Arch,  f.  tjpfr.  Pnih,  it,  Phftrmalof,, 
L^tp^g,  18S9,  Bd.  xxvi.  S.  186  ;  Wmlenatx,  JSlsrhr.  f,  phf/MoL  ^'hmu,  Stm^slmrg,  1S91. 
Bd.  XT.  a  505  ;  Locwy,  Areh. /  d,  tje^,  Phjmof.,  U<iiin,  1891,  l^i.  viii.  8.  it't'I ;  ahn  Loawy 
and  Zontz,  ibid,,  S.  511,  and  Lehmmia,  ibht,  8.  128.     Sre  tiot<'  uji  \k  1 14, 

*  See  aIao  Loewy  and  Ziintz,  Arch,/,  d.  ge-*.  Physiv/,,  Hotia,  lHl>4,  1^1.  Iviii.  S.  TjOJ. 
*lliiikow«ki,  Arth.  /.  ejjjer.  FtUh.  u.   Ph^nrndof,,  Lcipzi*,',    Ud.   xix.  H.  209;  ^fiUh, 

«L  d,  mnML  Klin.  z.  Ki>mg»h^^,  Leipig,  1888,  8.  174. 

•C.  Schmidt,  ''Charakt.  d,  upid.  Cholera/'  Lti|>zig,  1850;  StraiiH.  Uuiix,  ThuilkT  pi 
Xoeud,  Ci^pt.  rend,  Soc.  d.  bioL,  Pari«,  1883,  S.  (*WiK 

•  Attk,/,  Fh^gia,,  Leipng.  1893,  8.  S5ii. 
'  Zostx  in  HemiAiin's  ^^Handhnch,"  18S0,  lid.  iv.  Th.  2,  S,  77, 
•Mftly.  SUgtun^at.  d,  k,  Akad.  d.  irissen.fch,,  ^Xwn,  U7S,  H*].  Ixxvi.  Al>t]L  2,  S.  21  ; 

.^  v*.'^    teq2,  Bd.  lixxv.  AUh.  3,  S.  31 1. 

n,  "ProiKJftiea  of  the  Blojxl/'  1772.     In  ''Works,"  edited  hy  G.  Gidliver  for 

lam  Society*    p.  24,     Bhjod    from    the   hepatic  veiiiH  toniriilfitps   rutin  r   nior« 

blood  from  other  j«rt.<j  of  th«  vMf4^Lyltir  Myxti'iii.     PauI*'MM>  {Arch,  d,  plnfMioi. 

h.^  Paris,  18fl7,  ]u  21)  »tjiles  that  hlood  frum  tht--  poiUl  V(»iii  tiom  aiiiiiialH  in  full 

,  proteid  food  iiiav  take  an  hmg  a^t  fifty  niiini ten  to  (■»ni";id:iti*  but  otljiTwinu  iIilmw 

.lerencA  in  blood  from  dilfercnt  vfSHefs,     For  n  TiirlliiMi  of  ari'Viratcly  <'Htiumting 

f  eommencing  eoagiUatioti,  see  Brodie,  Journ.  HiysioLt  Caiiil'ddj^e  and  Loudon, 

,-^  xxL  p,  403. 
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tion,  by  contact  witj  foreign  matter,  by  mndemte  iHhitii>ti  witli  water, 
by  addition  of  calciwiii  HtiltH,  and  by  fibrin  ferment  and  nacleo-proteidB. 
It  is  delayed  by  c  dd,  Ity  fliluiiori  witb  Bolutions  of  neutml  saltM 
or  of  sugar,  by  intL'aventniH  injeetimi  of  albumn8t%  imtl  uf  varioiia 
other  organic  substauecK,  mnAi  aa  dbistatic  fermeuts;  also  by  prevention 
of  contact  with  fon  ign  itiatter,  as  by  drawing  it  into  oil  It  is  also 
prevented  if  the  so!  ible  lime  salts  are  preeipitated  Ijy  8<phd>li^  oxalat<?8, 
by  fluorides,  or  by  i  >ii\h  A  temperatvire  of  50'  (.1  prevents  coagulation 
by  precipitatmg  th  til^rinngen  upun  whifb  the  coagulation  deiieuds. 
It  remains  fluid  foi  an  indetinitu  time  witino  the  living  blucKl  vesHels^ 
even  in  a  portion  of  veasel  wbit*[i  liaB  been  isnlattHJ  by  ligatures.  But  if 
the   inner  surface  of  any   blood  vesnel  m  injured,  the  blond    tendn   Ui 


deposit  a  coagulum  n 
is  introduced  into  a  bl 

It  also  coagulatet 
of  nucleo-proteids  is 
dridge) ;  ^  but  if  the  i 
opposite  effect  is  obt 
(negative  phase,  Wo« 
proteids,  but  have  bee 
of  artificially  prepare 

If  the  coagulatio, 
puscles,  which  are  hti 
the  vessel,  and  to  leav*.*  t  he 


nil 

0 


Anil  if  a  fureign  HuliBtanee 
S  MpnU  it. 

a  li\  iug  animal  if  a  ftolutiuu 
mianit  into  the  \mm  (Wool- 
nail  to  cause  cM>agidatioii,  tlie 

being  tompnnirily  def^troyed 
s  are  not  [>eeuliar  to  nueleo- 
ueed  by  iutraveimta^  injection 
j'),  and  by  Hnnke-vcnum.^ 
of  tJje  alinve  nieanw,  tlie  eor- 
ti*nd  to  fall  tu  the  bott<au  of 
Uii^nni  clear.     At  the  jnnetiou 


between  the  mass  of  snl>sided  rea  enr|inMei^.-i  and  tlie  pla^snia  is  ii  *'  butty" 
layer  containing  most  nf  the  wliit(.^  Cf>rpusfde8,  The  Hubsidenee  nuiy  l>e 
accelerated  by  ceutrihigalising  tlie  \Au<hL  If  (*oIcl  be  nned  to  delay  the 
coagulation,  or  if  the  blnoE]  be  ennlaincid  in  a  ligatured  vein,  eiirefully 
removed  from  an  animal  innneiHately  after  death,  and  8us]>ended  in  a  glaBe 
vessel,  pure  plasma  m^jy  be  drawn  oH"  frnra  the  nj»per  layer  emnpletely  free 
from  red  corpuscles,  but  u^siKilIy  containing  a  fuw  lencoeytes.  The  exyieri- 
mentis  best  ])erformeil  with  liorse'H  I^IihmI,  the  eorpuselcN  being  relatively 
hciivier  in  tiiis  as  coiupHred  with  that  ol'  otlier  iudmalw.  This  jdasma 
clots  on  being  placed  in  a  glasn  vessel  at  tlie  teinijerature  nf  the  air,  but 
nuich  more  slowly  than  a  nample  of  the  original  bbjod,  anil  the  more 
slowly  the  fewer  the  l>lciod  platelets  and  leueoeytes  it  contains.  If  a 
sami)le  be  taken  from  tlie  Imtly  layer^eontaining,  therefore,  many  leuco- 
cytes and  many  blood  jdatcdetw — tlu^  elntting  is  H]tecdy  iiml  firm.  If 
bird's  blood  is  rapidly  and  rcfjeatedly  ceiitrifngaliscd.  plusnia  is  obtainable 
almost  entirely  free  frorn  enrjniseies,  anrl  du  clotting  occurs  in  it  for 
days  on  standing  in  n  glass  vcssel>  It  appeals,  tbereforej  that  the 
coagulation  is  inde}H'ndeni  of  tin-  red  corpuscles,  and  is  ilejiemlent 
u])on  the  ])lasma  ami  while  eorpuseles,  and  perhaps  also  u|)on  the 
blood  ]>latelcts.  It  is  also  (lc])endent  upon  the  presence  01  calcium 
salts.  The  exaet  relations  wiiieh  these  factors  bear  to  one  another  in 
the  ]»henonienon  of  coagulation  will  })e  discussed  later  in  considering  the 
pro]>erties  (►[  tilirinogcn. 

Tlie  delay  of  coagulation  i)roduce(l  by  neutral  salts  is  best  obtained 

1  Pror.  Jlnij.  Soc.  Loiubm.  IbfeO,  vol.  xviii.  p.  186  ;  Arch,  f.  J'ht/sioL,  Leipzig,  1886, 
S.  397. 

-'  Pitkering,  Jonrn.  Phifsio/.,  Cambridge  and  London,  L^^Of),  vol.  xvii.  {Proc.  Physiol. 
Soc..  p.  v);  and  Hallihnrton  and  rickcring,  ihuL,  181».'>,  vol.  xviii.  p.  285. 

•'  C.  J.  Martin,  Journ.  ami  Pmr.  Roij.  Soc.  yev:  South   U'aJrs^  Sydney,  1895. 

*  Delei^enne,  Vompt.  rend.  Soc.  <fr.  hiol.,  Paris,  1896,  p.  782. 
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bj allowing  tlie  ]>!<hh1  as  it  flow.s  frnin  a  cut  artery  to  iiiix  \s\\X\  an  equal 
vt»Iume  of  saturated  ,sn!utii>ii  of  Mul[jljal:e  nf  sodii  (tr  with  a  10  per  cent. 
iolutioii  of  sodium  chloride,  or  witli  rme-third  its  hulk  of  a  saturated 
sulutian  of  sulphate  of  magnema.  The  plaHiaa  (^litaiiied  after  ^uhHideiiee 
of  the  cor|ms*-dea  is  in  thei^e  eawes  diluted  witfi  I  lie  sjdt  utilutii^n  (malted 
pl&^na),  and  may  reuiain  iTideHuitely  uiieiiagidated.  iiut,  on  dihitiug  it 
with  a  HutTirieiit  amouut  of  water,  cosigidatiitu  will  usually  occur.  The 
delay  pn>dueed  liy  alhninoweM  (coumiereial  '*  ])epLtine ''  irt  geuerally  u.sed) 
iiobtaiuetl  by  injecting  thci^e,  in  the  projiortion  <«f  0%l  grin,  yicr  kilog.  of 
body  weight  into  the  eireuUiting  blood  of  a  dog  or  cat.^  The  etlect  is 
nol  got  in  the  rahliit-  Malt  diastase  and  eniuLsin  iii  somewhat  larger 
4|iittiiiity  have  a  eimilar  eHect.'*  The  bliKtd  r^f  wueli  a  '' peptnnii^eil " 
soinial  <loe8  not  clot  on  being  dravv^n,  hut  it  cfuigulatcH  on  paHsing 
carbonic  anhydride  tlirougli  it,  or  rui  dilating  it  with  water.  Exlraet  of 
leech-headH,*  w!nch  coutidus  an  alliuuifise/'  and  alwo  extract  of  craytiHli 
nmacle(Heidetihain),aet  Hiiidlarly  in  preventing  eoagulation, but  in  smaller 
doeee.  L^ech  extract  (Joes  not,  hrwever,  a(*t  exactly  in  the  same  njanner  as 
aUmmose,  for  the  latter  does  nut  arrest  eoagulation  if  siddcd  in  moderate 
quantity  to  drawn  blood,  whereas  leerli  extract  <locs  arrest  it  <  PLiycraft). 

To  hinder  eoagnlati<m  hy  removal  of  lime  siilt.s,  the  blood  is  mixed  as  it 
flows  from  the  vesnels  with  a  small  amount  of  solutinn  u{  sodium  icxalate  ; 
I  part  of  the  salt  to  IQOO  parts  of  blood  is  sutlicieut.^  The  corpnseles 
usually  sulmide  very  readily  in  oxalateil  Idnod,  and  a  clear  ]ilasma,  nearly 
but  not  quite  free  fmtji  soluble  line*  isalts,  is  easily  got  from  it,  et^agulating 
timckly  i»n  the  additiMn  c^f  ehloride  of  e.ilcium.  It  is  not,  however,  the 
cam^  that,  as  Arthuw  ha«  asserted,  oxalatetl  blood  \\x  plasnm  ahvayw 
remaind  indefinitely  uueoagidated  without  tlie  aihlitiou  of  lime  sails, 
for  on  allowing  it  to  gtaiid  a  few  days  a  elnt  is  fre<jueutly  found  in  \i? 

All  the  alK.»ve  methods  yield  plasiuji,  either  pun*  or  in  a  somewhat 
modilied  c^nulition.  To  obtain  the  blood  corpuscles  free  from  ]»lasma  it 
is  neceeaary^  after  drawing  *iir  the  superjacent  thud  from  them,  to  mix 
them  with  a  furtlier  t|uantity  of  the  salt  snlulinn  used  to  prevent 
angulation  (r.//,  H)  per  cent  Nad),  and  again  lu  eeutrifngalisc.  Or 
the  bluod  may  be  mixe<l  as  soon  aB  drawn  wdth  a  sulliiaeut  qriautity  of 
t9f>tuiiie  salt  solution  to  delay  its  Ciiagulation,  and  eentrifugalised.  By 
repeating  the  luncess  several  times  the  cfajfuscles  may  be  gnt  free  from 
plasma,  and  may  tlms  be  analysetl  we]tnnilely  from  the*  litpjor  sjngiu'ni.s. 
But  it  is  Ijy  lio  nutans  cei  tain  that  they  have  !utt  andeigiaie  sume  iiltera- 
tion  ill  composition  by  dilVosion.  Hitherti*  no  nuiuis  has  heeu  do\'iscd 
for  meeting  this  objeetioiL 

Relative  amount  of  plasma  and  corpuscles, — The  rehttive  innnunts 

of  plasma  or  serum  and  corpuscles  cjin  therefore  ouly  be  fouiul  !i|>]»roxi- 

maCely  by  weighing  the  cor|>us(les  obtained    hy    this   nu*thiMi    fnun   a 

given  amount  of  Idood.      ln<lire<^tly,  it  h:is  hecu  arrived  at   for  delihrin- 

''x>d  f)y  Hnppe-Seyler,  by  determining  the  perceidiige  amount  of 

ijbmiJt-Mlilheiin,  Areh,f.  PhysivL,  Leipzig',  LSSO,  S.  33. 
>,  ibid,,  1*81,  S.  276. 

ioli,  Arrh.  ]>^:t  h  ifc.  tmxL,  Torino,  1888.  vn].  \\{.  p.  2\:k 

, craft,  /Vor.  Rmj.  Sof.  Lontlwt,  1884,  vul,  xxxvi.  ]>.  47S.     Ilaycrun  mJh)W(m1  that  leech 
miitu  by  dffutroyiug  libiin  fvnii*Mit. 

'kinjto'n.  Jouni.  Fhtf^iol.,  Cmnhrhl^v  aiv}  Lori<Jmi,  r>WI.  voL  \i.  j».  r»il(j. 
••na  ct  pAgi^'s,  Ardi,  tlr  phi/shK  i^jn'm.  tt  path.,  I'liiis,  IStm^  p.  Ji\*j, 
i  certainly  sio  with  thi^  plasma  ubt^iiica  from  oxalahd  ih^X^  IsI-mmI  ami  sheep's 
ilfer,   Proc.   Phi/noi.  ^SV.,  Jtmnt.  Ph)f^i''L,  i'iim\n'u\'j,v  mvl   Ijoj^Iuji,   rsi>5,  vol, 

-)- 


148 


THE  BLOOD. 


proteids  in  the  ser  m,  and  of  jiroteids  aiKl  hiemoglobin  in  the  ^ubaicled 
corpuscles,  and  in  ^e  whole  blood  respectively ;  and,  caleiilatiiig  from 
the  results  obtained  the  amount  of  plasmik  and  of  corpuselea  respectively 
in  100  grms.^  An  earlier  method  eonsiBted  in  dotermmiug  the  amount 
of  fibrin  in  a  giveii  quantity  of  the  whole  blood,  and  of  the  plaiima 
respectively,  and  frt  in  thiw  eiilculatiog  the  pereenUige  amount  of  phu'^ma 
in  the  sample  of  hlii  id/^  Bunge  determined  the  proportionK  hi  a  similar 
manner  by  estimat  w%  the  sodium  in  a  sample  of  bUiod,  and  also  in 
plasma  of  the  sann.  blood.  This  method  is  only  applicable  to  certain 
animals  (horse,  pig)  which  have  no  sodium  in  their  blrjod  corpuscles. 

The  folio  wing  example  of  the  appHc^Lion  of  these  methods  is  given  bjr 
Bunge:^ — 

{A)  By  Hoppe-Seyler's 
In  100  grms.  of  del 

(a)  18'^ 

(ft)  18^1 
In  the  blood  corpu 

(a)  15-6 

(ft)  15-] 

(c)   15-( 
In  the  serum  of  1 C , 

18*90^1  ^n- 

In  100  grms.  of  semm^ 

iV\  6 ■'"9  p^*^^'^-  ^'^^  proteids. 

From  this  the  amount  of  scrum  in  100  grma.  of  the  tlefibrinated  blood 
may  b^  computed — 

6-77  :  3'Sa  :  :  100  :  56-5, 

Therefore  100  grm^,  blond  contained  56'5  pnrts  i^erum  and  43-5  corpuscle*, 
{B)  By  estimation  of  liodiimi— 

In  100  grms.  of  the  whole  blood  of  the  same  pig  was  fomiil — 

(ft)  0'2409  f  °^^^  '  0-2406  grms.  KaoO, 
In  100  grms.  of  sf^riim — 

0-4272  gnns.  Nap. 
100  :  56-3, 


m  found — 

}roteids  +  haemoglobin, 

same  blood  ^ 

Toteids  +  ha?moglobin. 
ids. 


(a)  0-4:^83  I 
(ft)0  42GOr^^^^ 
0-4272  :  0*2406  :  : 


Therefore,  by  this  method,  100  grms,  blood  cont^iined  56 'M  part^  eemm 
and  43*7  corpuscles— a  result  which  agrees  closely  with  that  obtnined  by  Hoppe- 
Seyler's  method. 

Similarly,  in  horse's  blood,  liunge  found  by  Ho[ipe-SeyIcr'a  method  46 "5  per 
cent,  serum,  and  53%'}  corpuscles,  and  by  the  sodium  method  46*9  serum  and 
53 '1  corpuscles. 

A  rapid  approxiniiiti*  tlotei'joinatiini  may  be  made  bj^  Blix's  method 
(hannatoci'it).^  Tlie  blood  is  mixed  mth  a  definite  amount  of  2J 
per  cent.  ])otas.siiMii  biehromate,  ami  centvifvignlii^ed.  The  corpustdes 
rapidly  accuniulati/  ul  the  bottom  in  an  alniuist  8tdid  mays,  and  their 


»  ♦'  Haiulb.  (1.  phvalo],  cbem.  AjmlyHo,"  AalL  2,  Ikrlm,  I8G5. 

^Hoppc,   Jlrchow's  .-If-rJiif^,  \Stt7,  Yid,  xii,  S,  \m, 

3  "Phvsiol.  and  Pathol.  CheTnlslrv/'  Iraiw.  by  Wooldndge,  1890,  pp.  gJ3,  244. 

•»  Hedin,  Shrndin.  Arch.  f.  PhinnJi.,  L(?ip?i|^,  1800,  Hth  n.  S.  134,    Oiu-rtutin  lln-l.  meti. 
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oolleothne  volume  can  be  directly  read  ofl".^  The  eHtiaiatiou  ctin  l)e  made 
with  a  Bmall  qiiantity  of  blnod,  and  is  thertifoie  caimlde  of  being  used  for 
clinical  purposes.  Tlie  average  percentage  of  corpiiscle-s  in  human 
Uood,  as  obtained  bj 
tiieae  aeveml  methods, 
ii  about  48.  or  very 
oearlj  one-half  of  the 
eatire  amount  of  blood. 
In  the  horse  it  m  53 
per  cent,  in  the  pig 
43'5  per  cent,  in  the 
dog  35*7  per  cent, 
and  in  the  ox  '^2  per 
oeiit  Hedin  obtained 
m  hunself  an  average 
feroentage  total  eor- 
pucnlar  volume  of  51, 
tie  greatest  differences 
in  his  own  blood  being 
M"4  and  48  per  cent. ; 
bat  the  average  for  a 
kige  number  of  adult 
males  was  48  and  of 
iemaks  43-3.  In  chil- 
dren of  6  to  13  years 
tlie  amount  was  45  per 
oenl 

Kmnber  of  corpus- 
cles.— Tlie  nmiiber  f>f 
fed  corpuscles  in  a 
eobic  millimetre  of 
blood  was  detenuined 
\tjf  Vierordt  and  Wei- 
onr  to  be  about 
5jOOO,000  in  a<lult 
inen.  There  ai-e  rather 
fever  in  women  (aliout 
4p00,000).    Vierordt^s 

method     consisted      in  Fig.  2L— Olivers  ai»p»imhis  for  CMtiinatiiig  tlio  numbir  of 

dlltlling  the  blood  with  h]<MKl  con»iis^'le.H.     «»  measurin^r  pipette  ;  h^  dropiif  r  to 

>     Vnnwn     Anioimt      of  coDtain   Hftyiiias  (Uiiil  :    r,   luixiii^   tube  ^'rafliiattd    iij 

L  J       K     1             ;  J  pcrcetitagfH ;  d,  muilt^  d  making  tlir  nhH^ination.    (Ttiia 

Imd  wllJCh  would  pre-  mast  be  done  in  a  dark  rooni. )    a»  ^,  and  c  ar<'  itJittiral  ake. 

«rre    the    corpuscles, 

and  oountiiig  the  number  in  a  measured  anioinit  of  the  mixture.    The  Hanic 

mt^hnd  Ls  still  in  nac,  but  its  appHcation  has  lieen  greatly  wimi^lilied  in  tlie 

direct  tpptlio<i,  ba^scd  mi  the  piiiitiplo  of  <viitnfu;.niliiiirig  bltwl  witli  varying 
</ amlt  flolotion^  and  *i<4onruiiitig  tliy  organic  intrug.^u  in  tbf!  suprrnutant  lluid^  ha-s 
ItiDedhy  M.  and  L,  ^Inhlw^M {Arch.  J\  iL  fjcM.  Phtfuu^/.,  Umm,  1810,  VA.  Ii.  a  151), 
to  he  able  t/i  esitimate  by  ib*  aid,  n^d  only  tbc  total  comnsiiilar  vobnite,  but  Qven 
e  roliim*?  and   weight  of  a  single  blood  eorjin.'^i  le,     Tlie  ini'tboil  baa^   bimovcr, 

f  criticiiH^i,     {Hambiirg^iv  CfiUralbl,  /.  liiysio/.^  U4|ii^i|^,  l»n:J,  U-b  vii,  S.  l(i]  ; 

fit  Arehit\  lSfl5,  lid.  cxb.  S,  *jaO  :  Kyckmaon,  Arch./,  d  fjts,  Pfiftnoi.,  Ilonn, 

,  S.  340  ;  «nd  Fledin,  ibid.,  .S.  3f3i}).     8c<*  furtlier,  on  tbe  nariu'  Hidycct,  Lange, 

jBd.  Hi  S.  427,  and  Bkibtreu,  ibid.,  Bd.  h.  S.  105. 


ISO 

blood-counting  app  *atns  (ha-Timcytometer)  of  Gowers  and  of  Thonm,* 
The  haematocrit  can  also  be  cmpioyed,  atiice  it  has  been  detennined  (by 
exact  enumeration)  i  iiat  eacli  voiimie  per  cent,  shown  by  that  itif^trumcnt 
represents  97,000  a  rjm^cles.  A  still  readier  mode  nf  rajiifily  usliinal- 
ing  the  number  of  ed  corpUf?cles  in  a  Hampk*  of  blond  in  that  of  G. 
Oliver.2  Oliver  tak'  s  a  small  iiicasurL^il  qtiaiitity  of  lilnod  and  iidKt'S  it 
in  a  graduated  glase  nibe  with  Hayetn'w  Huid,^  until  the  tiarjienf  a  candle 
placed  at  a  certain  intanc^  behind  becomes  ajijmrent  through  the  mix* 
ture.  With  5,000,i  30  c<.irpuscles  per  cent,  the  mixture  will  now  be 
found  to  fill  the  tu  m  to  a  certain  \Kniit  Tliis  point  h  takc*n  m  the 
normal  (or  100  per  eenL),  and  above  or  below  it  the  tube  is  graduated 
in  percentages.     The  *^"^  UutiM^Ta  whi^-li  iir^  prii<lucDd  in  drawing  init 


the  tube  enable  the  p 
determined  with  great 
verse  luminous  line,  fi 
method  is  superior  t( 

The  following  ret 

There  is  a  diurni 
falls  somewdiat  durim 
amounts  to  betweer 
usually  ])roduces  a  f;i 
the  amount  of  water 
a  considerable  influence  on 
by  a  prick,  probably  in  kec^i. 


II?  tir«t  beeiinies  vi^^iljli:'  to  be 

i6c  it  to  ap|>e4ir  as  a  tians- 

lat  Oliver's  appliciition  of  th^ 

t  hnve  been  made  to  aj^ply  it. 

,  1  ty  0 1  i  y  vv  a i  n  1  o i]  i e rs  :— 

Tiitap!  of  eori>usdeH,  which 

L'H  at  ui^dit.     This  variati(*u 

tlic  nunnai  nn tuber.     Food 

i  corpuHcles,  independent  of 

.wrf.     The  posture  of  a  limb  has 

r  *ff  corpuscles  ubtaincd  firuii  it 

altenitions  in  the  iutratapillary 


pressure,  which  govi^rns  the  prnoitrtiiai  of  lymph.  Muscular  exercise, 
wliether  active  or  pmsivij  (vtduntary  mc^vements,  electrictil  stimulatiunp 
massai^'c,  passive  njt*vement  of  linibs),  causes  an  inereafie  in  the  i>er- 
centat,re  of  the  corpuscles,  which  is  sometimes  very  uuirketL*  This  may 
also  be  due  to  a  ditlerenee  in  the  proiluction  and  Ibiw  of  lymph  in 
the  part.  Tlie  number  in  iurreased  in  the  ease  *d'  resi^lents  in  high 
altitudes  (to  as  muidi  as  8,0011, OOH !  yQy  cmm.).^  Tliin  api>ears  tu  be 
due,  ])artly  to  incri  ascd  eva]j<a'aticin  fiom  the  general  surface,  and  loss 
of  water  from  the  bluorl ;  [wrtly  to  increased  aiterial  tension,  which 
uicreases  the  amount  of  lymph  formed ;  |irobaidy  not  to  increased 
formation  of  red  corpuscles."  It  is  also  increased  in  certain  dif^eaeed 
conditions  (r.y.  gout),  lait  more  euiumoidy  it  k  diminished  in  disease. 


^  JmuccI,  London,  1877,  vol.  ii,  p.  7^7  ;  rirdmrs A r^Jt h\  I8S2,  Bd.  kxxvii  8,  !iOL  Th» 
older  liUratnie  is  given  hy  KitllKttiJj  Hermiiun'^  '*  naudlim-ii,'*  I860,  lid.  iv.  Th,  1»S.  i;7-31. 

-  if.  Oliver,  Cioonian  Ix^ctuie*,  Ltnufl^  London,  18i)G»  voL  i. 

•n)istilled  watoi,  200  v,t).\  «iiJpliat&  i^odd,  h  /i^ims,;  eornmoii  m\\,  1  jjnii*;  mimi*»ive 
suMinuitc,  ()•:>  gini.  ^w-  Urtyeni  r*t>y  i^anii/'  Parisp  1881*),  wlicjro  will  hi*  foimd  &n 
extcndr.l  scries  of  ol)sorvatiLii4..\;-:ji.  i!_  :i.:,:„.-.„„;-v„[  u!:.:i.:Lt^i_  A  tLe  llojd, 

^  Noted  also  lt>-  Malasscz,  (!omj)t.  rrnd.  Soc.  (I.  hiol.y  Paris,  siWicc  du  31  Oct.  1874,  Gaz, 
mid.  d>  Paris,  L>74,  j..  r>7o.  For  nnnierous  other  oliservations  by  this  author  consult  **  De 
la  nuincration  des  glohidos  rongcs  du  sang,"  Paris,  1873,  and  papers  in  Arch,  de  physiol. 
norm,  rf  jurt/i.^  l\iris,  1871.  rt  snf. 

■'  \"ianll,  C'nnpf.  rtii>/.  .lead.  d.  sr.,  Paris,  1890,  tome  cxi.  p.  917  ;  and  1891,  touie  cxii. 
]>.  29r>.  Olivir  (Croonian  Lectiiics.  Lmicrf,  London,  189<;,  vol.  i.  p.  1782)  gives  a  useful 
epitome  of  what  is  known  at  jtiesent  on  this  snhjeet,  together  with  many  original  observa- 
tions. 

MIrawit/,  />V//.  l/hi.  U'rhuschr..  1S9.'»,  S.  713  and  710.  Cf.  also  A.  Fiek,  Arch.  f.  d. 
(/es.  J'/i/fsio/.,  lionn,  1S9,'>,  Ud.  Ix.  S.  589.  (hawitz  points  out  that  at  altitudes  l>elow 
16,000  leet  there  is  no  need  for  a  compensatory  increase  in  nund^er  of  red  corpuscles,  since 
the  experiments  of  Frankc  1  and  (Jeppert  have  shown  that  in  dogs  subjected  to  an  atnio- 
.snherie  pressure,  equal  to  that  at  this  altitude,  there  is  just  as  nmch  oxygen  tikeii  up  by 
the  bloocl  as  at  the  ordinary  jnessure.  Miintz  found  relatively  more  iron  in  the  bloixl 
of  rabbits  and  sheej)  from  near  the  top  of  the  Pic  du  Midi  than  in  others  living  in  the 
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Stierlin'  fnimd  indiv'tdual  variations  in  healthy  men,  amnunting 
to  l/j50.0CiO,  anr!  in  healthy  wnnieii  to  2;2:^»0,000  per  ejiini.  E.  Sehit!'^ 
oljl^iJietl  nil  lie  th,ui  5,500,000  ]ier  e.ujui.  iu  new -limn  eliilih'eii  :  fts 
ilevelr»pnient  iirr^^ivHsc^,  the  numher 
gra^fually  Bink.s  u  iilM.iit  5,000,000. 

There  m  niirnmlly  no  ditrerent  l' 
lielween  the  nundier  of  eor})nHcleH  in 
oom^fK^nding  arterieH  anrl  veinn,  jiro- 
Fidei]  there  exists  tin  crmj^feHtinn  of 
the  imrt  Awe  tn  venous  oUstniction. 
In  «uch  a  aise  the  exndiition  of 
lymph  frtun  the  eapillarieir!  increuseH 
the  nnuil>er  of  corjiuHeleH  per  eent. 
in  the  lilrxxl  of  the  vein.  Capillsiry 
bIo«i*i  is  jMiorer  in  eoriiusrles  than 
that  of  the  trunkn,  Init  tlie  prn]M»rtinn 
fBfies  with  tlieir  width  ami  the  rate 
of  the  l>lao»l  fttream/* 

Equally  inii>ortant  for  elinital  |Jiir- 
pooea^  with  the  deterrtiination  of  the 
nnmiier  of  reel hV khI i-oTpuHelewaH eoi  1 1  - 
paretl  with  the  normal,  is  the  ustinia- 
tim  of  the  amount  of  luemoglohin. 


w 


> ^ — --^^ — -' 

Fic,    22.— Oliver's    hiL*moi(lohLnorinnrr.     *,   ^^Ius.s   rell    ffii    re<viviii^   \\\v.  Iilnml    rnmi    the 

pijiptt* :   tlje  dilution  i«  vHectiil    witliiii    lii W    iLsell.     n,    btatidanl   ^nvitlnatinris 

ttivle  of  tinted  glii.48.  T*(  avoid  iiiulti|flyin;^  lli»'hr  lutfliily  tiny  aie  fiinii-^lii'd  in  ttns 
|wr  cent.,  the  inUrme^liat*' divisions  of  t ho  siMilc  liriiii,M>1)t:iiuH]  liy  siip<'r)nwin;L;  tiiittd 
lelaas  ridera  iD  a  j^ndimtiKi  wHeH  frnm  1  to  !*.  (IMh-mc  ridiiH  aii*  nut  re|nrfn  iited  in 
lh«i  tigOfie).     The  aiifiaratus  is  tilmwn  of  tla*  natural  »j^e. 

aud  the  consequent  deteruiination  of  the  prnportinuate  auioinitui  ha  100- 
globin  jM?r  hli kkI  eorinisele,    Tliis  may  he  exprensed  as  a  quotient  thus  : — 

rier^'eiilaL'e  ainmint  of  hji'mntllohiii       100       i  i 

•         7-  I  ^  * ^^1 —    =TT7.=  I  ^d'  uorni'd 

jii'nn*iilft>(i'  n umber  ot  roiitusrlis  0)0 

at  theoretieally :  practically  it  is  ffunid  tn  v.iiy  in  health   from 

rmfi.  rrnd,  AemL  d,  m\,  FariH.  iHlii,  tonio  txii.  p.  'JI>8i.     Weiss,  uho  kept  iubbits 

***nde9  for  about  lourMefks.Hud  roi(k]nir«'il  thnn  with  ((uitrHl  nniiualH  nt  Inwv  lovols, 

T*!»^  of  cor]niBcles  to  the  t^xti  iiL  uf  1*2  to  21  |ii'r  rmt,,  but  ih«  a)>Mrjlute  inn  wihc  of 

itbc  whf^b'  hiwly  {Ztschr.  /.  phifmoL  ffirm.,  Strtisslmry,  Ifeii?,  Kfl.  xxii,  ,S.  526). 

Arch,/,  I  fin/ Med.,  Leipzig,' 18.-'. »,  llrL  xlv.,  S.  7:^  uiad  25<J. 

and  ZutiUj  Arch,/,  d,  get,  Physiol. ^  \imn\,  Bd.  xlii.  S.  30^. 
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0*95   to   105   ill   1*  ill,   aud    I'rum    0    to   1    in  womeri.^     This 
quotient"  lias  l>eea    ko  termed  '*  t!ie  worth  "  of  a  corpuBcle.* 

The  more  exact  n  ithods  for  the  determmation  of  the  anioTiJit  of  hsemo- 
globm  in  blood  ara  t  adt  with  elsewhere  (see  article  on  Haimoglobin).  For 
clinical  purjwsee  a  t5.  uparison  with  a  standard  coU>itr  of  the  colour  of  the 
blood  diluted  to  a  km  ivn  amount  is  found  to  give  suHiciently  accurate  re^ulta. 
The  chief  methods  us  d  have  l>een^(l)  That  of  Gowers,'^  who  em  ploys  picro* 
carmine  gelatin  as  a  standard  ;  (2)  that  of  F,  Iloppe-Seyler,*  who  conibiuefe 
the  hflemoglohiti  with  ^rhgnie  oxide,  und  comjiureg  it  with  a  standard  ftolutitm 
of  CO  hflBDioglobin  ;  ad  (3)  that  iA  v.  Fleis^chl,  who  used  a  wedge  of  tuit^d 
glass  as  a  comparisoi.  The  uiethcKl  of  y»  Flei.sc hi  is  by  far  the  most  con- 
venient.    It   has   been  greatly  improved   by  Oliver,  who  has  adapted  to  it 


modified  it  takes  tlae  form  of 
ni^  accurntely  tlie  colour  of  a 
h  water  and  placed  in  w  flat 
present  percentoges  c»f  haemo- 
The  blood  is  measured  in  a 


lUbiD  millimetre  of  blood  is 
,tly  even  in  liealth.  By  far 
)  arc  of  thy  finely  gramdar 
sr  e-ent.  ai'e  coarsely  granular 
I  a  few  which  are  hyaline, 

niiclcin,  k*edi  extract)  into 


the  principle  of  Ijoviboj 
a  series  of  tinted  glasB 
measured  amount  of  n 
glass  cell  of  a  certain  ^ 
globin  below  and  abc 
pipette  similar  to  that 

The  number  of  ^ 
usually  stated  an  10 
the  larger  pr{>iH)rti<J 
oxyphil  variety,"  Oi 
oxyphil  cells,  w!iUe  ?tc;^ 

contain  basu]ihil  granuleg. 

lujectiiiii  nf  many  subfltanees  ipeptiiiu 
the  vessels  eauHen  an  immediate  and  marked  diminution  in  the  number 
of  the  leuei>eytes,  chiefly  affecting  the  finely  granular  kind  {kuemi/iopcnk 
phase,  Lowit);^  it  is  followed  liy  an  increa,se  in  their  jiumber  {ktrnfrt/ioik 
phase).  Ariiti^  local  inflamniation  eavises  mmilar  changes,  but  the 
diminution  in  the  ninnber  of  leucoc3*tes  alBo  largely  atleeta  tlie  coarsely 
granular  ei:4l8,  w]iereas  the  after  inere4iHe  is  mainly  in  the  finely 
granular.  JIankin  noticed  that  tho  blood  clots  nioic  icadily  when  the 
coarsely  granular  cell  is  scanty ;  this  may  explain  the  more  ready 
clotting  of  blood  in  inflammatory  conditions. 

The  blood  possesses,  in  the  presence  of  free  oxygen,  a  certain  power  of 
producing  oxidation  in  readily  oxidisable  substances,  which  may  be  added  to 
it,  sucli  as  salicylaldehyde.^  This  property  it  shares  with  some  of  the 
tissues  (si)leen,  liver,  lung,  thyroid,  kidney,  thymus),  while  other  tissues 
show  no  sucli  tendency  (muscle,  brain,  pancreas).  The  oxidation  power  is 
greater  in  young  subjects  than  in  the  adult. ^^  On  the  other  hand,  the  blood 
contiiins  a  substance  or  substances  ("reducing  substances"  of  Pfliiger)  which 
greedily  ai)|)ropriate  any  free  oxygen  which  may  be  present  in  the  plasma, 

^  Oliver,  lor.  cit.,  p.  1705. 

-  (Jarrod,  Mcd.-t'hir.  Traits.,  London,  vol.  Ixxv.  p.  191. 

"'  Lanccf.,  L(m«loii,  1878,  vol.  ii.  p.  822. 

■*  Ztschr.  f.  pin/siol.  CItcm.,  Strassbnrg,  Hd.  xvi.  S.  505.  See  also  G.  Hoppe-Seyler, 
ihUL,  181>»s  lid.  xxi.  S.  4G1,  and  Wintcrnitz,  ibid.,  S.  408. 

•''  Lovibond,  *' Measiirenicnt  of  Light  and  Colonr  Sensations." 

^  For  more  coinjik-te  details  of  the  method  see  Oliver,  loc.  cit.,  pp.  1699-1703. 

"  SherringtoiJ,  Proc.  Roy.  Soc.  London,  1894,  vol.  Iv.  ;  Kanthack  and  Hardy,  Joum. 
Physiol.,  Cambridge  and  London,  1894,  vol.  xvii.  p.  81.  The  earlier  literature  is  given  by 
Sherrin;.Cton. 

»  "Studien  z.  Phys.  n.  Path.  d.  Pdutes,"  Jena,  1892. 

^  Salkowski,  Ztsc/rr.  f.  physiol.  Chan.,  Strassburg,  1882,  Bd.  vii.  S.  115  ;  Centralbl.  /. 
(Lmed.   U'isscn.sdi..  Berlin,  1892,  Bd.  xxx.  S.  489. 

^"  Abelous  and  l>iarnes,  Arch,  dc  physiol.  nonn.  et  path.,  Paris,  1895,  pp.  195  and  239. 


GEA^ERAL  COMPOSITION,  ||| 

and  are  even  capable  of  abstracting  tlie  oxygc^n  which  is  combined  wifti 
hemoglobin,  so  that  arterial  blood  rapiiily  Ijccomes  converted  into  venoili 
bloody  when  it  is  not  exposed  to  the  access  of  fresh  oxygen*  It  is  not  known 
QpoQ  what  substance  or  subsLiini^es  these  projicrtics  depend,  bnt  it  is  prob- 
able tliat  it  is  a  function  of  the  protoplami  of  ceils,  and,  in  the  case  of  the 
bkitxl,  it  niftv  be  due  to  the  protoplasm  of  the  white  corpuscles. 

General  composition, — Tlie  ^^eneral  cnnnKiHitiou  of  blood  and  the 
relative  *lif?trihytioii  of  its  constituents  iii  tlie  t'ori^ascles  iind  pkyma 
respectively  is  illustrated  in  the  accoinpanyiiig  tables  from  C.  Schmidt  ^ 
tnd  Biinge.  * 

Venom  Blood  of  a  Man,  a>t.  25,  sp.  gr-  1-0599  {C.  Schmidt). 

In  1000  grms,  blood  corpuscles  (sp.  gr.  1*088C) — 

Water            .             .             .             .  ,             .681*63 

SuVietrfinces  not  vajxi rising  at  120^  C,              .  .             ,           318'37 

Haemoglobin  and  other  proteid  suhstances  .             .           311 '09 
Inorganic  substances— 

Chlorine               ,             .              .             .  I '750 

Bulpburie  acid     .             .             ,             .  0*061 

Phosphoric  acid  .              .             ,             ,  1*355 

Potassium            ....  3-091 
Sodium                .             .             .             .0*470 

Phosph.  lime       ....  0094 

Phosphate  magnesia        ,             *             .  0*060 

Oxygen  .....  0*401 

Total  of  inorganic  constituents  (exclusive  of  iron) 7  "282 

In  1000  gnns.  plasma  (sp,  gr.  1'0312)— 

Water .           901*51 

Subctances  not  vaporising  at  120'  C,              .  .             .              9S"49 

Fibrin  ,..,.,,  8 -06 

Other  proteidfi  and  organic  substances    .  .             ,             81*92 
1  norgj I  n  ic  suite  ta nc es^ — 

Chlorine               ....  3-530 

Sulphuric  acid     .              .             .             .  0129 

Phosphoric  acid  .              .              .              .  0*145 

Potassium            .             .             ,             .  0314 

Sodium  .             .             .             .             .  3  410 

Phosphate  lime   ....  0298 

Phosphate  magnesia         .             .             .  0.218 

Oxygen   .             .             ,             .             ,  0*455 

Total  of  inorganic  constituents  8-505 

In  tliis  estimation  the  phosphoric  acid  m  j>rolialjly  U)o  high,  being 
mcreased  in  the  process  of  calcining  by  the  phosphoniH  in  the  lecithin. 
Sertoli,*  by  eliminating  this  error,  obtained  «»n]y  0  02^^  grni.  phosphoric 
tdd  per  1000  gi^ms.  ox  sserinn,  equivalent  Ui  only  OOUo  per  cent,  hydro- 
diaodJc  phosphate  (Xa^HPO^X 

It  is  clear  from  the  following  Uible  tliut  there  are  conf^iderahle 
differences  in  the  conipoBition  of  the  %vh<de  blood  and  of  its  jtartH  in 

1  **Chanikter.  tier  cpid.  Cholora,"  Lei[>xig,  ISrnX 

'  2UchT.  f,  Biol.,  Minii-luij,  KS76,  lid.  xii.  S.  H+1  ;  tttnl  'MMiysioL  and  Patlio], 
Cli^tDistry, "  trans,  by  WtMaldriilge,  1890^  p.  24;>. 

*  Sertoli  ifj  Hoppe-SeyUra  Med.  Cht-m.  Unkrsuch,.  B(^iliii,  18t»S,  S.  :352,  iSoe  also 
liooeskowskif  CetUralhL  /.  d.  'imtL  Wmnmrh.,  lierlin,  1878,  S.  ^153,  whu  obUtiied  in  calf 
KroiDf  0*018  ;  in  sheep  scrum^  0.009li  and  O'OOfJl  :  ami  in  df>g  .Hiniift,  O'fJGi^a  jKirta 
K»,HPO.  i»er  100  serum. 
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different  species  of  itimals.  Iji  most  animals  the  l)loorI  cnrpuselcs  Iiavfe 
a  relatively  large  \  npurtii^it  uf  ]>otaHli  t^ilts  mul  jiliosphates^,  whei^eaa 
the  preponderating  g  ilt  in  the  serum  in  sudium  eldnride.  In  tlic  IndkKjk, 
however,  this  salt  all  o  occure  in  large  aitioimfc  in  the  corpuscles. 

Defibrinati  i  Bltiod  uf  Pi*jt  Horm^  and  BuUoek  (Bunge), 


\%  IDOU  GftHS.  OOHrt'ACLW. 

In  l(m  anti.  SKftrn. 

Hir. 

Hoiw. 

'  Bullocic. 

P%. 

Herat. 

BuUotik. 

Water 

ftS^'1 

imft'fi 

f*f  m  *a 

9U^'6 

39S'5 

PI  3  "3 

Solids     .... 

joa 

80-4 

103-4 

86-7 

Proteids,  including  hisinog] 

iT'S 

(S77 

73*2 

Other  organic  substances 

7-ri 

F" 

fi-fl 

Inorganic  substances 

Vh 

7*7 

7*(> 

K,0 

O'lAJ 

0*273 

6-27    ' 

0*254 

Na,0 

2-0&2 

4-2r:J 

i'4a 

l-SSl 

CaO 

0*136 

0-126 

MgO       .         .         . 

oui; 

O'OaS 

n'045 

Fe,03     .... 

.  t  < 

0  011 

CI           

1  Milts 

3*611 

a'75 

3717 

P.O.      .         .         . 

0-703 

oa&8 

0-2tJS 

In  the  pig's  blood  il 
563*2  serum. 

lu  the  horse's  blood  until y.-H»-iL, 
and  4 68 '5  serum. 


.11  4 000  jmrtf?,  i3B'B  eorpu.'Rdeft,  and 

,^^re,  m  lOUO  [wirtB,   531*5  corpuscles, 

In  the  bullock's  blond  aniiljstd,  lliurt'  wtuOi  iti  1000  parts,  318*7  corpu^dej?, 


and  681*3  scrum. 


A.  Schmidt,  in  conjunction  with  Ids  jiupilB,*  got  i\m  frdknving  results 
from  analyses  of  human  bloM<l  ulitaineil  by  veni38tH!tioa 


Percentage         Specific      \  jj^y  Re8idue 
Amount.  Gravity.      ,      *in  l(X) 

Gmis. 


S<;iiiiM 

52-120 

Corpuscles 

47*880 

Total  blood 

10-28 -3 


1060-7 


9-709 
35-458 
21-971 


Anniiint  of  Nu.  K.  unjf  H,  in        ! 

i 

Na. 

K. 

C. 

0-344 

0*02 

0-353 

0-282 

0-307 

0-185 

0-182 

0-259 

Gases  of  the  blood. — Arterial  blood  of  the  dog  contains  fi'om  15  to 
25  vols,  per  cent,  oxygen  (at  0°  C.  and  760  mm.  pressure),  25  to  40  car- 
bonic anhydride,  and  about  1*8  vols,  per  cent,  nitrogen.  Venous  blood 
of  tlie  same  animal  contains  from  o  to  lo  vols.  ])er  cent,  oxygen,  38  to 
52  carbonic  anhydride,  and  also  alnait  1 '8  v(ds.  ])er  cent,  nitrogen."-^  The 
j)ro}>ortions  of  tln^se  ^ases  and  the  manner  in  which  they  are  combined 
witli  constituents  of  the  cor]>uscles  and  plasma  is  discussed  elsewhere.^ 


'  AnoiH-t,  Diss.,  I)oi[.;it,  1887  ;  Waniacb,  Diss.,  Dorpat,  1888. 

-  SchollV-r,  Sifzviufsh.  d.  l\  Ahad.  d.  Wissciisch.,  Wicn,  ISdO,  Hd.  xli.  S.  589  ; 
Sczelkow,  ihid.,  ISO'J,"  Hd.  xlv.  S.  171  ;  PlIiigtT,  Arch.  f.  d.  qcs.  Physiol.,  Bonn,  1868,  Hd. 
i.  S.  27:.. 


COMPOSITION  OF  RED  CORPUSCLES, 


ns 


The  red  corpuscles. — These  consist  of  n  <lulicate  extcTiial  envolfspe 
cnclo*5ing  colmired  Huid  cnnteTits,^  lix  all  vertebrates  Ittilnw  niamiiuxlH 
ihey  ciiiitaiti  a  mieknis,  the  cliief  chimiiciLl  coiiBtituent  of  whieli  in 
nneJein  (see  p.  65), 

The  organic  matter  in  one  Imiithed  \mviH  of  dried  red  cnrpmcles 
ooDSlits  of :  *~ 


HrMAX 

Du>ciiJ» 

Boo'b  BUlOD. 

GoOHls'i  Hlood. 

IL               1 

1. 

fVot«iib          ftod 
Dudein    . 

12-24 

5'10 

Vl'U:, 

aiJll 

B«iiiog1o1iui 

8670 

J»4'30 

86-50 

G2*d5 

Lecithin 

072 

0-JJ5 

(1-50 

046 

rholestrriti 

1 

025 

0-25 

{^m 

0.48 

Goose's  hloTMl  was  taken  as  an  insttiuce  of  one  in  which  nucleated 
red  ccirpiiscle**  are  present;  the  I dgher  percentage  of  pn^tcids  appirent 
in  tlm  is  dne  tu  the  inchuled  niiclein. 

The  niitieral  constituentw  of  the  red  fntrimscles  \i\vy  ;^n'efd]\  in 
relative  f|naiititv  in  dillerent  aperies  (>f  itniinals.  Thus  ]»oljissiimi  rnn- 
Ktitutes  40'Hy  per  cent,  of  the  t<>tjil  ash  nf  fniitiaii  rv\[  eorpihsck-K,  and 
vxliimi  only  97 1.  wliereas  in  the  Aw^  tlie  porrt  HLri;,^r  nf  potassimn  m 
6*07,  and  of  Hodiuin  3t>*17  (C.  Schnddt), 

TJie  reniarkahle  excels  of  potassium  over  sndiujn  salts  is  t\\v  opposite  to 
their  relative  proportion  in  plasma. 

The  chief  or^^anic  eonstitnent  of  lli*^  curpuselrs,  lKi'iiini_dnhin,  will  he 
considered  in  a  separate  article.  Tlie  otiicr  up^Muio  roiistitiicuts  consist 
of  nncleo-proteid.  lecithin,  and  (^lioleslcrirL 

The  nudco-j^vfnd  of  th*'  red  curju/m/r, — ^Wooldrid;4(*'s  '  method  for 
obtatxiiiig  the  nncleo-proteid  consists  in  eentrifui^rnlisin^r  delihrinttted 
blood  repeatedly  with  a  1  iicr  cent,  sodinni  chloride  sohition  until  jUI 
the  serum  is  washed  away.  Tfie  red  cor]>us(dcs  arc  then  laked  Ity 
the  addition  of  water,  antl  tlie  ndxture  is  shaken  with  a  little  ether, 
to  aasisi  the  s*jlntioii;  the  white  i"or]jUHi'lrs  nn'  allnwcil  b*  settle, 
or  removed  by  the  centrifuge.  Tn  the  clear  hut  hi;^ddy  culourcd 
decanted  fluid  a  little  1  per  cent,  sohdion  of  acid  sotiiuni  sulpbatit  is 
added.  Tliis  causes  a  eongiilerahle  piecijiitatc  nf  im<'le«>'|trntoid,  whicli 
IB  chiefly  derived  froni  the  reil  eorpnsrlus,  but  a  small  part  of  which 
inay  conje  frmn  the  white  corpuscles  and  blood  plalcb-ts. 

Tlie  material  thus  obtaim'il  was  shown  hy  Kuhne;*  wlio  uscil  a  rulhcr 
different  method  of  wepuratin^  it,  to  possess  fibiino-plustic  projMMties,  It 
was  further  exauiined  l>y  Halliburton  and  Friend.^  wlio  found  that  it  was 

*  ScUafcr  in  Qiittin'M  '*  Atiat«ii]iy*"  10th  c"(lfti»n.  lM*'i,  vol,  i.  j-t.  J,  |i.  210, 

*  HoppeSeyler  arif]  JiI'IpU,  JW.  Chrm.  fJn/'t'fu^h.,  IJirliu,  IHUt^,  Hilt  :i.  Mtuijwse, 
Zfsfhr.  /♦  phytiol.  Chfvt.^  Stroaabiirg,  H<1,  xiv.  S.  452,  givea  tlitj  luUawinjj:  |M„'r  cent  ages — 
I^ecithiD,  l*«B7;  Chnleateriu,  0^51. 

^  Arch,/.  PhtftM.,  Ltniizig.  1881,  S.  387. 

*  **Ubrbucli,"8.  1&3. 

^  Jamm,  FKywiol,,  Camliriflge  and  Lonfion,  lss*i.  voU  x.  ]>.  532. 
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identical  in  pro  per'  3S  with  what  Jiad  been  called  by  Halliburtou  cell 
globulin-i3  (see  p.  8  f.  When  cell  globialm-/3  was  disiiovered  to  be  a 
nucleo-proteid,  thia  \m  was  found  to  be  of  the  aarne  nature.^  It  can 
also  be  prepared  fr  m  the  red  corpuscles  by  Wooldridge*B  acetic-acid 
method,  or,  provided  the  corpuscles  are  well  caked  together  by  the  aetion 
of  an  efficient  c^ntri  uge,  by  the  sodium -chloride  method  of  HalliVnirton. 
In  these  expermient  \  the  colourieas  corpusclea  may  lie  got  rid  of  Ijy  a 
previous  injection  of  coimiiercial  peptone. 

In  cats  tlie  percei  tage  of  phosphoruB  in  the  corpuscular  nucleo-proteid 
is  0*68.  It  produce!  intravascular  coagidation  when  a  Bc^lutioti  in  1  per 
cent,  sodimii  carbonate  is  injected  intravenously  (Hallilmrton). 

The  lecithin  and  cJmkMerm,  —  L.  Hermann-  and   Hoppe-Seyler* 


[uc  constituent  of  the  cor- 
quimtities  from  medunuttt<l 
by  Hoppe-Seyler  *  to  be  in 
)duet  of  protagon  (see  p.  83). 
Toni  the  corpuscles  by  ether, 
ill  very  loose  combination 

7hite  corpuscles  has  been 

.rge  amount  <4  re^Hcarch  from 

carried  out  iu  relatitm  to  the 

very  little  is  known  about 

-vion.     According   to   Lcjwit,^ 

play   ail   iuiiiortaut  jjart  in 


described  the   phospt 
puscle  as  protagon,  a  ^ 
nerves,  but  8ub.se<[uer 
reality  lecithin,  whic' 
Both  lecithin  and  ch 
and  are  therefore  Cj 
with  the  mudeo-ppott 

The  chemical  c 
already  dealt  \sitli  (j 

The  blood  plate. 
the  histoloi^ii'al  8tau(l  ,ef 

blood  platelc'ts  (BitdjUfntrh  lei 

their  function  nr  their   chenuijiii    compw 
they   consist   chielly   of    a   ylubulin,   und 

fibrin   forniation.      As  the  renult   of   microrliemic-al   work,  Lilienfeld* 
considers  tljsit  th(.>y  cousist  of  nufle<>-pri)k'ki 

Lowit  Htates  that  they  are  not  to  be  seen  in  the  circulating  blond/ 
and  regards  tliem  as  being  pritduecd  pirtly  from  the  white  corpuscles, 
partly  from  gbibulius  of  the  plasma,  after  withdrawal  of  the  blood, 
They  can,  however,  be  seen  within  capillary  blood  vessels  which  have  just 
been  removed  from  animals,  and  in  which  the  blood  is  still  fluid.* 
Mosen  failed  to  find  them  in  lymph.® 

Their  number  in  the  blood  has  been  variously  estimated  at  from 
180,000  to  over  600,000  per  c.mm.i<^ 

Blood  Plasma. 

The  methods  of  obtaining  plasma  from  blood,  by  preventmg  coagula- 
tion and  allowing  the  corpuscles  to  subside,  have  already  been  given. 
Obtained  thus  from  a  suspended  vein  or  from  a  cooled  vessel,  plasma 

•  Halliburton,  Journ.  Physiol. ^  Cambridge  and  London,  1895,  vol.  xviii.  p.  306. 

2  Arch.  f.  A  not.  n.  Physiol.,  Leipzig,  1866,  S.  33. 

-'  M€d.  (Jhem.  Untcrsuch.,  Berlin,  Heft  1,  S.  140. 

'  Jhid.,  Heft  3. 

^  Arch./,  e.rper.  PiUh.  w.  PharmakoL,  Leipzig,  1888,  Bd.  xxiv.  S.  188. 

♦'  Arch./.  Physiol.,  Leipzig,  1892,  S.  115. 

'  Virchow's  Archiv,  1889,  Bd.  cxvii.  S.  545  ;  and  "Studien  z.  Pliys.  u.  Path.  d.  Blutes 
u.  d.  Lyniplie,"  Jena,  1892. 

^  Osier,  Pror.  lloij.  Soc.  Land&n,  1874,  No.  183.    This  observation  I  can  entirely  confirm. 

^  Arch./  J'hysioL,  Leipzig,  1893,  8.  352.  See  also  Druebin,  1892,  ibui.,  Suppl.,  S. 
211. 

^•^  See  on  this  subject,  Muir,  Jonrn.  AnoU.  and  Physiol.,  London,  1891,  vol.  xxi.  ;  also 
Brodie  and  Kussell,  Jonrn.  J'hysioL,  1897,  vol.  xxi.  p.  390,  who  give  reasons  for  regarding 
the  higher  number  as  more  correct.     Probably,  however,  the  number  varies  greatly. 
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is  a  clear  yellowish  liquid  of  alkaline  reiu^tion  and  sp.  gr.  about  1027-1031. 
It  contaiiis  about  90  per  ferit.  of  wnter,  holt  ling  various  organic  and 
innrgaiiie  suhsUinceH  in  solution.  With  tlie  exception  of  certain  proteids, 
the  constituents  of  plasuia  are  identical  with  those  of  serum,  in  wliich 
they  are  more  readily  8tudie<i 

Inorganic  substances, — Plasma  couBistB  to  aliont  90  per  cent,  of 
water.  Tlie  inorganic  salts  occur  to  the  amount  of  about  OH  per  cent. 
The  princifial  is  cliloride  of  Bodiuni.  This  can  be  crystallised  out  frr>m 
plasma  after  inspissation.  According  to  the  analyscB  of  C.  Schmidt,  it 
is  present  to  the  extent  of  0'55  per  cent.  Carbonate  of  soda  is  probably 
the  next  most  abundant  salt,  altbough  its  exact  amount  (iannot  be  stated. 
It  is  to  this  salt  that  plasma  mainly  owes  its  alkalinity  and  its  ixjwer  of 
absorbing  earbonic  acid.  Altbougb  it  is  not  possible  to  state  definitely 
in  what  manner  the  acids  and  kises  of  the  jdasaui  are  distributed,  it 
appears  probable  that,  besides  these  two  salts,  chloride  of  jiotassiujo, 
sulphate  of  f>otassium,  pbosphate  nf  calcium,  pbosiiliate  of  sodium^  and 
phosphate  of  magnesium,  and  prol>al>ly  cbloride  of  c^ilcium,  occur  ^  in 
small  amounts.     Traces  of  a  fluoride  have  also  been  fmind.- 

Gaaes.— The  gases  of  plasma  have  not  Ijcen  satisfactorily  investi- 
gated. They  are  probably  not  very  dillerent  from  those  of  serum, 
which  in  the  dog  consist  of  from  43  tn  57  vuls.  of  carbonic  anhydride, 
2*25  of  nitrogen,  and  025  of  oxygen.^  The  oxygen  and  nitrogen  are 
probably  simply  dissolved  in  the  plasma,  l>ut  the  carlxmic  anhydride 
is  present  in  far  ton  great  an  amount  for  this  to  be  the  case,  since 
Dot  more  than  2  or  3  vols.  i>er  cent,  of  this  gas  coiil<l  lie  clissolved.  Tlie 
remaining  anujunt  must  therefore  be  in  cbemical  c(Mnbination.  This  can 
only  be  with  soda,  as  c^irbnuate  ami  bicarbonate;  fttr  other  bases  are 
present  in  too  small  amount  in  plasma  to  be  taken  into  serious  cunsiilera- 
tion.  This  statement  is  also  true  for  alkaline  ]>bosphates,  although  in 
the  corpuscles,  in  which  they  are  present  in  crnisidcrable  quantity,  they 
may  play  an  important  |»art  in  fixing  CO^  (Bunge),  as  shown  by  the 
following  equation : — 

Na,HPO,  +  H,CO,  =  II^PO,  +  XallCO^. 

Some  of  the  CO.,  may  be  combined  with  proteid,*  but  this  can  only  be 
very  little.  As  a  matter  of  fact,  Bunge  calci dates  that,  after  allowing 
for  the  amount  of  soda  required  to  saturate  the  ordy  strong  mineral  acid 
of  the  plasma  (hydrochloric),  there  is  enough  l<3ft  to  Hx  0*>  vids.  per  cent. 
of  CO*  as  carbonate,  and  an  equal  iidditiifnal  Jimounl  as  bicaibciufite, 
which  1%  far  more  than  the  amount  of  CO-,  actually  present.' 

Organic  constituents  of  blood  plcLsma*^ — Tlie  mj^iuiic  const itur*nts 
of  plasma  may  be  divided  into  ]^rHteids  and  non-pr«jtcidH,  and  the  latter 
into  nitrogenous  and  non-jiitrogenous. 

Non-nitrogenous  organic  subetancee  found  in  plasma. — These 
consist  of  carbohydrates  aud  fats;  and,  in  addition,  thcie  are  prt»scnt 
small  quantities  of  a  lipochrome,  of  cholesterin,  and  probably  of  sarcu- 
kctic  acid 

CarbvhydnUes  of  plasma. — Three  carbohydrates  have  Ik^cu  described 

*  Pribr»iii,  AhhandL  d,  maih.pktfn,  Ci,  d.  k.  Sticks,  ftf^^rJhcJi,  d.  H'LVKnseh.^  Math.*|ihjH, 
Mw,  1871,  B<1.  xxiiL  S.  279  ;  and  in  A7I1.  n.  d.  phtfswL  Ati^t.  tn  />«//j^ij/,  1571,  p.  *):i, 
^  TammtLun,  Zischr, /,  phifsiol.  Vivcm,,  StrEsaburg.^lMMS,  M.  xiL  S.  325. 
»  Bunge,  &p.  eiL,  8.  286. 

*  Sertoli,  Hoppe-SeyUtB  Afed.  flu'm,  UnUrsHch.,  B-mIiii,  18H8,  \hh  3,  S.  SriO. 
»  Op.  eU,,  8.  286» 
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in  plasma,  namely-  (1)  glywjgen ;  (2)  an  animal  gum;  (*))  dextrose  or 
grape  sugar. 

1.  Glycogen. — Tl  lire  aeeuiH  fco  l>e  no  doubt  tliat  ti'ac^8  of  glycogen  ciui 
be  obtained  from  fr<  ?h  blood.  Some  is  said  to  ix-ciir  free  in  plaama,  but 
if  so  it  is  probably  c  3rived  fr<>m  intenuixed  m  disintegrated  leucocytes, 
which  can  be  shown  hy  iiistoeLemicial  retictiiui  to  contain  it-*  Kaufmann 
finds  the  amount  of  i  glycogen  in  blood  to  be  greatly  increased  (fnim  0'025 
to  0*59  per  litre)  by  removal  of  the  pancrejis.^ 

2.  Animal  gum,- -~YY^AX\ii[^\m^  olitained  from  blood  a  carbohytJmte 
substance,  resemblii  i  tbat  deR4Til>ed  \\y  Limlwehr  under  the  abc^ve  uama 
It  has  the  formula  CnH,oO.^)^,  and  m  converte<l  by  iKjding  with  dilute 
mineral  acids  into  a  ^^ub^tance  (sugar)  which  reduces  Fehling  h  .solution, 
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Bernard^  ol)tained  a  larger  {umiuut  of  sugar  from  arterial  than  from 
venous  blood,  and  Sccgcn  has  in  some  in&Uiuees  obtained  a  siudlar 
result.  Chauveau,^  and  Chanvcan  and  Kaufmann,^  have  also  published 
analyses,  which  seem  to  sliow  a  disappearance  of  sugar  after  ]*asaing 
the  capillaries.  But  the  dijrerfnces  observed  have  not  been  constant, 
and  are  in  any  case  su  small  an  to  lie  within  the  range  of  experimental 
error.  As  the  result  of  cloven  experiments,  Pavy  finds  tlie  sugar  in 
arterial  blood  to  exceed  tliat  iu  venrnis  by  only  OOO'.i  parts  per  1000; 
and  he  concludes  that  iw  appreciable  dilteience  exists  between  the  two.^^ 

'  E.  A.  SrIiafVr,  "A  (uiit-se  <if  Prrulicul  HMola^*/*  Lfnidoji,  1S70,  p,  39;  SAbmon, 
Ih'utsche,  vud.  ff'dmscJir.,  lA'\\mig,  IUJ7^  H.  i»2  ami  4iii  ;  JrS.  f,  Pht/MoLj  Leipzig,  1878  ; 
dnfralhl./.  J'hi/sioL,  Leijuig  ii.  Wi^u,  181>2,  Bd,  vi.  S.  512  ;  Ehrlidi,  Zisthr.f.  klm,  Mtd,^ 
IVrliii,  188o,  Hil.  vi.  S.  40  ;  nabrifschdwaky,  Areh.  f.  ejrpfr.  Paiiu  n.  I'httrmnkoL,  Ijatpdg, 
1801.  Pxl.  xxviii.  S.  272;  Hu]>in'rt.  Cn^ittUhL  jV r/iim**L,  Uij^dg  vu  Wuii,  181^2.  Nn. 
11.  S.  394  (Hui»pfrt  fouud  tunje  in  dog's  liluod  llmii  iu  tUc  lilotHl  of  hiflnvura.) ;  Hoppe- 
Stylei,  Ztschr.f.  phijsiol.  Cltem..  i^Ua^Amr^,  1891,  Bd.  xviii.  8.  J^i. 

-  Cmnpt.  rtiid.  Aca/l.  d.  ^^.,  Pttiis  ISRH,  ti>nie  cxx*  p.  *^I17. 

^  (Vntrdlld.f.  Pfti/sioL,  L«  ipzig  IJ.  AViin,  1S9'2,  M.  vi.  S.  rl4fi- 

*  CI.  P.eiiiai(l,  Arch.  (jtn.  de  vUd.,  I'aris,  184»,  tome  xviii.  p.  303;  Pavy,  PhU,  Trana.^ 
London,  ISGO  ;  v.  Meiiug,  Arch.  f.  Physiol.,  Leipzig,  LS77,  S.  379  ;  Otto,  Arch.  f.  d.  gts. 
P/n/.sioL,  Bonn,  ls8r»,  B(L  xxxv.  S.  467;  Pickardt,  Ztschr.  f.  physioJ.  Chrm.,  Strassburg, 
Bd.  xvii.  S.  217;  Mima,  Ztschr.  f.  Biol.,  Miincheii,  Bd.  xxxii.  S.  255. 

5  Paw,  "  Pliysiology  of  the  Carbohydrates,"  1894,  ]..  161. 

''Arch.f.  d.  f/es.  P/njsiol.,  Bonn,  1884,  Bd.  xxxiv.  S.  388,  and  1885,  Bd.  xxxvii.  S. 
348;  i'rntralhl.  f.  /'////xiV.,  Lcijizig  u.  Wien,  1893.  No.  12;  '*  Znckerbildung  ini  Thier- 
k<.rp.-r,"  1890. 

'  '  '<niq>t.  rend.  Acad.  d.  sc,  Paris,  tome  Ixxxiii.  p.  373,  and  "  Leconssurle  Diabete,"  1877. 

^  IhuL,  1856,  toinr  xliii.  y.  1008. 

»  /hid.,  1886,  t(.ni.'  ciii.  p.  974. 

10  ]>.ivy,  Pror.  Pioy.  Soc.  Lmidon,  1877,  vol.  xxvi.  p.  346  ;  **  On  Certain  Points  connects 
with  Dial.f't.^s,"  London,  1878;  "  Physioh)gy  of  the  Carbohydrates,"  pp.  170-171.  This 
is  also  a]»parLiitly  admitted  l»y  Seegcn  ('*La  Glycogenie  Animnle,"  Paris,  1890,  p.  100), 
althongh  liis  theory  ol  tlie  ])roduetion  of  energy  re(jnires  that  there  should  be  a  diuiinution 
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Apirt  from  these  soruevvhat  doiilitful  dilTereiiees  in  blond  from  difiereiit 
pftrts,  tlioajiiouiit  in  the  hluud  remains  almost  comstant,  whatever  tlie  char- 
iCierof  the  fund,  and  even  diiriii;^  starviiti<m,  Thu  aiiinuut  is  somewliat  in- 
crensed  tiij  the  re?^idtuf  fia  inoi  i  haj^e.ii  result  due  eiLliertn  act  eisHiniHif  lyinph 
(which  contains  a  hngei  prctpurtinn  nf  nii^ar  than  duen  hlucHi),  or  to  tlie 
operation^  through  the  ageiu-v  of  the  m3rv(Hj«  HyHtem,  eauHiiigaii  inerea^sed 
pfoduction  of  sugar  from  the  hver -glycogen.  If  the  amount  ui"  (Jextnwe  in 
tbebloofl  be  artitieiiiUyincreiiHed  Xa  more  than  ahitutn-2r»per  eent  theexeess 
punee  off  by  the  urine.  The  amouuL  m  iuereaweil  in  diJi  tietes,  whether  thin  be 
the  result  of  the  sugar  puncture,  of  removal  of  jianereas,  or  of  disea&e,^ 
but  even  under  the^si?  cinum.stanees  does  not  rise  above  048  ]>er  t^eut, 

Fal^ — These  are  ]aesent  in  jdasnui  in  wnuiU  but  variable  quantity 
(0*2  tb  0*5  or  even  1  per  cent.)-  behig  most  abundant  after  a  iiie^il 
contaimng  much  fat.  The  plasma  or  Beruni  may  then  be  milky  from 
admixture  with  the  fsit-eonUiining  ehyle.  They  are  cmnposed  of  the 
nsiial  glyt-erides  of  fatty  acids  (palniitiu,  ntearin,  and  olein),  A  small 
amount,  0  05-0*1  |ier  cent.,  is  in  tfie  form  of  8oap?  It  iiiis  lieen  stated* 
that  there  is  a  greater  amount  of  fat  (ether  extnictj  in  arterial  than  in 
venous  blood,  but  thi^  result  iw  shown  \\y  Kolnuann  and  MiiliRim^  to 
have  l>een  probaldy  due  t(»  an  error  1  nought  al»fuit  by  venous  congestion^ 
which  aftects  tlie  proportion  of  all  the  solids  of  blood  as  compared  witli 
the  water.  Tlie  fatty  acids  appear  also  to  be  partly  in  eomlnnation  with 
diolest^rin,  forming  cliolestojiu-esters,  uf  whifb  two  have  hrvn  scpaniUnl 
by  Hurthle**  in  a  crysUdliue  fornip  namely,  the*  olein  and  ]tahiiitin  c^nn- 
pound^,  to  the  extent  in  Itorse  scrinn  t>f  UOiS  and  DUG  i»er  cent,  respec- 
tively- Hiirthle  further  found  that  in  tlie  <log  tliey  were  increaBed 
during  inanition.  The  amount  of  (ladesteriu  in  serum  or  ]ilasma  is 
slated  by  Hoppe-Heylcr  to  be  about  UO"*  gr.  per  100  c.c.  blood  J  and  is 
proliably  mainly  in  tlie  ftuin  of  tlio  fatty  acid  cnmhinatious  just  referred 
to,  and  not,  as  was  fonucily  8up|>osed.  in  the  free  ritn<litirai  (H^i'tble). 

Li//orhromf\ — ^The  yellow-coluuring  matter  of  serum  is  a  lipochrome 
soluble  in  amylic  and  also  in  ethyiie  aleoliid,  but  instduble  in  turpentine. 
Its  absor] (lion  si>ectruni  shows  two  iU-derrned  bands,^  (Uie  at  tlie  F  aufl 
the  other  between  the  F  and  (J  Fraticniiofer  lines  (Plate  HL.  Fig. 
24).     It  resembles  the  lutein  of  Kiihne. 

Lariic  aeitl. — ^The  presence  of  sar<'<»lacti*'  iwu]  as  a  regidar  ctui- 
stiluent  of  normal  blood  plasma  has  been  adirnicd  (U"017-U(>ri4  per  cent. 
in  dogs).®  Siilumon  could  only  find  it  in  hlodd  frftiu  the  deacl  body,  mjfc 
in  that  drawn  during  life,^**  l>ut  Irisawa  confirms  its  existence  in  fresb 
blcKJtl  (dog),  and  states  that  it  is  ]U*eHent  to  some  exttMit  in  the  cor- 
puscles as  well  as  in  the  plasina.^^     It  is  increased  in  lilood  which  has 

^  Pavy,  **Oii  C3i>rtaln  Points  couuec ted  with  Diabetes";  »Se»igeii,  li'kn.  ittaL  frdnt^^hr,, 
1986^  S.  15(31  and  1595. 

*  Rihrig,  AhhatulL  d,  math.-jihyH.  t'L  </.  k,  iSddm,  f7<'SiN.tih,  d.  Wissfinnch.^  187!,  S.  1, 
and  Arb.  «.  d.  phy»u>l.  Anst,  zn  Leipzig. 

*  Hoppe-Si?yl€T,  Zbithr.f.  phi/moi.  Chem.,  Strasslmrg,  Bil.  viii.  8.  r>03, 

*  Boraat^ri,  Dies*.  Hreskn,  1887, 

»  Arch,  f.  d,  gt^.  Physi^jL,  Bouij,  1889,  Btl.  .xlvi,  .S.  SS.i. 

*  Zisehr. /.  phyti>l,  (fhem.,  Strasslmrg,  189*5,  Bd.  xxi.  S.  331. 
T  U*d,  Ckrm.  UnUnnich,,  Berlin,  18tj(J,  S,  IIj, 

tenberg,  Silzumjakd.Jcnuinc/t.  Ot:st:f/n''/( ./.  M*d.  n,j\'aru  nr, ,  1 8Sf>,  8u  | >(  ►!»  H<i .  x ix.ii.  2;'*. 

(with   Drech8€l),   Arth.  f,   Phifnittl.,   Ltiiwig,   l!?86,  8.    400;  .Sjiini,  Xtschr.  /. 
rtrt,»  Sti-AKsburg,   188/,    B«L    i.  S.   no  ;   Hrrlimrblm  (wilh   N<?niki),   Atch. /. 

M,  PharifUikoi.^  Leii«ig,  1887,  Hd.  xxiii.  8.  :ia:j. 

»*«  Archiv,  1888,  &1.  cxiii.  8.  356. 
*,,/.ph}ftioL  Chem,,  Straasbiirg,  189:j,  Kd.  xvii,  8.  :J4d. 
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been  perfused  through  the  still  living  kidneys  or  lungs,  or  through  the 
muscles  of  the  lower  limb,  especially  if  inosit  or  glycogen  or  dextrose 
be  added  to  the  blood  used  for  perfusion  (Gaglio,  Berluierblau).  It  is 
also  increased  by  intravenous  injection  of  dextrose  in  blood  circulating 
normally  through  the  body.  It  appears  to  enter  into  combination  with 
sodium  hydrate,  driving  out  COg.^ 

Non-proteid  nitrogenous  constituents  of  plasma. — The  most  im- 
portant of  these  are  urea^  (0*02-0-05  per  cent.),  kreatin,  kreatinine,* 
and  uric  acid,*  and  occasionally  hippuric  acid.^  Xanthine  and  hypo- 
xanthine  are  stated  to  be  also  present.®  Grehant  and  Quinquand  found 
the  amount  of  urea  in  blood  drawn  from  the  splenic,  portal,  and  hepatic 
veins  to  be  slightly  greater  than  in  that  taken  from  the  carotid.^ 
Lecithin  occurs  in  small  amount  in  plasma.®  According  to  Marino- 
Zucco,  neurine  and  glycero-phosphoric  acid  are  also  present  in  traces  in 
the  free  state.  There  has  also  been  described  as  a  constant  constituent, 
jecorin® — a  substance  which  reduces  Fehlings  solution,  but  is  soluble 
in  ether  and  is  not  fermentable.  It  is  stated  to  occur  m  considerably 
larger  amount  in  venous  than  in  arterial  blood.^® 

Ferments. — Three  ferments  have  been  described  as  occurring  in  blood, 
namely — 

1.  A  diastatic  ferment,  producing  the  conversion  of  amyloids  to  sugar. 

2.  A  glycolytic  ferment,  producing  the  disappearance  of  sugar. 
:!  A  fat-splitting  ferment  (lipase).^^ 

4.  A  fibrin  ferment  (thrombin),  or  its  preciu^sor  (prothrombin),  pro- 
ducing the  formation  of  fibrin  from  fibrinogen.  The  last  will  be  con- 
sidered in  connection  with  coagulation. 

D'uuitatic  artion. — A  ferment  action,  converting  starch  into  dextrin 
and  maltose,  and  ultimately  into  dextrose,  has  been  obtained  with 
blood  and  lymph  by  Rohmann^-  and  Bial,^^  and  also  by  Hamburger,^*  by 

»  Vauglian  Ilarlcy,  Arch.  f.  Physiol.,  Leipzig,  1894,  S.  451. 

2  Simon,  Arch.  f.  A  nut.  u.  Physiol.^  Lei{)zig,  1811,  S.  4.54;  I.  Munk,  Arch./,  d.  gfs. 
Physiol.,  lioiiii,  1875,  Hd.  xi.  S.  105;  Schroder,  Arch.  f.  expcr.  Path.  u.  Phartnakol.t 
I^^ipzig,  1SS2,  IM.  XV.  S.  364  ;  and  1885,  Bd.  xix.  S.  37:3.  Picard  {Jmini.  (leVnnat.  el 
phifsi(>l.  rt<\,  Paris,  1881,  ]).  530)  Ibund  tlie  i)erL'entage  of  uiva  ratlier  higher  llian  this  in 
thedog(0-0'J  to  0 -1:3). 

^  Venleil  and  Mart^'t  found  hotli  kreatin  and  kreatininn  (Jovrn.  d/i  pharm.  ct  chini., 
Paris,  1851,  toino  xx.  p.  SI*);  Voit  {Ztschr.  f.  Biol.,  Munclicn,  18G8,  S.  93)  could  find  no 
kreatiniiie  ;  l>iit  ('oils  {Jouni.  J'hysioL,  Cambridge  and  London,  1896,  vol.  xx.  p.  107) 
obtaint'<l  a  small  hut  (K'finite  (piantity. 

■*  Sclicrcr  and  Strecker,  rpioted  by  Hoi)pe-Seyh!r  (''Pliysiol.  Cheni.") ;  (Jarrod,  Med.- 
Chir.  Trans.,  London,  1848,  vol.  xxxv.  j»,  83,  and  1854.  vol.  xxxvii.  p.  49.  See  also 
"Xaturu  and  Treatment  of  Gout,"  1861  ;  AbMes,  Mccl.  Jahrh.,  Wien,  18M7,  S.  479.  On 
the  other  hand,  v.  Jaksc'h  [Ztschr.  f.  Hcilk.,  1890,  P>d.  xi.  S.  415)  could  find  no  uric 
a<'id  in  the  Mood  of  healthy  individuals  (nine  eases). 

•'•  Verdeil  and  (loldfuss,  Cowpt.  rriul.  Soc.  dchiol.,  Paris,  1850,  tonieii.  p.  79.  Meissneran<l 
She|>ard  (*'  Untt  rsu<h.  u.  d.  En?>teh.  d.  Hippurs.,"  Hannover,  1866)  were  unable  to  find  it. 

«  Hallil.uitnn,  "Ch.ni.  Physiol.,"  j).  251. 

"  Ji'iii  n.  (}>'  I'tiiutf.  ft  ])hysiol.  etc.,  Paris,  1884,  p.  317. 

«  HupiM-Srvler,  M"l.  ('hnn.   fJnfrrsnch..  Heriin,  IS-'.O,  S.  551. 

■•  lialdi,  Arrh.  /.  P/n/sin/.,,  Leip/i.ir,  1887,  Su].i»l.  Heft,  S.  100;  Henricpies,  Ztschr.  f. 
j>l(i/si(f/.  iJh>in..  Strassliurg.  Pd.  xxiii.  S.  *J44. 

^»".lar..bsrn.  ('r„tr<tJhl.   f.  l1,,isi»L,  Leij./ig  u.  Wien,  ISOii,  8.  368. 

»i  liaiiriot,  (\>inpt.  nii,).  Sor".  (h-  hioL,  Pari<,  1896,  ]..  9-J5. 

1-  Arrh.  f.  ,1.  >,rs.  l'h,i>lol.,  P)onn,  1M»-J,  P>d.  Hi.  S.  157. 

^'^  Ihi>l.,'\^\^'l[  VA.  lii.  S.  l;'.7:  and  P,d.  liii.  S.  156;  Rohmann  and  Bial,  .-/;v/<. /. 
(I.  f/f<(.  r/'i/sio/.,  P..nn,  ls03,  Pd.  liv.  S.  7'I  ;  lid.  Iv.  S.  16'.».  Aeeording  to  I/j.ine  and 
Harral  if.'omjtf.  r,  nd.  Amd.  d.  sc,  Paris,  l.s'.i:^,  tome  .xiii.,  p]K  US,  7'J9,  1014,  and  cxv. 
]i.  301)  NU;,Mi-  may  !>(•  formed  in  blooil  on  standing,  at  tlie  e\i>ense  of  added  peptone,  as 
well  as  starch  or  L'lvcoL'cn  :   but  this  was  not  et.nfirmed  Itv  liial. 
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mixing  blood  or  senim  with  starcli  or  glycogen  8(4utTon,  aucl  keeping  it 
at  body  temperature,  KuhniajHi  has  ahowii  that  the  tliantatic  change  may 
occur  in  lym|ih  within  the  \essels  as  well  as  hi  rttro.  ('avazxani 
obtained  most  eOeet  in  hlood  Uiken  fiuin  the  pnrUd  vein.^  IV'herevkoff 
finds  that  the  diastatie  ferment  is  jireL'iiiitatefl  by  excess  uf  ah'i»h«ih  and 
that  its  action  is  not  destroyed  by  long  standing  under  alcolK>h  nor  hy 
aoditmi  oxalate- 

Gii^olytit  arif/ott.— It  was  noticed  by  Bernard'^  that  llie  sugar  of 
Mood  diuiiiiished  on  standing  in  viirtk  l*avy  fonnd  that  hutli  the  ntirmal 
»iigar  aud  added  sugar  dnninislies  in  hlnod  on  standing.^  In  any  aise, 
And  without  standing,  it  is  difh<'ult  to  reet^er  the  fall  animmt  from 
bluod  or  serum,  ainjiireiitly  nwing  to  tlie  fart  that,  in  i*(iii;^idntin^  the 
jiroteiiJa  with  a  view  to  their  reinovahn  f«ut  (»f  the  sugm  is  meehanieally 
eirried  down  or  retainerl  hy  theni:^  this  fact  may  lead  to  very  con- 
sderable  ex]>erimental  errors.**  Allowing,  hnwever,  for  svieh  errors,  it 
appears  clear  that  there  is  some  aetual  loss  of  sugar  on  standing  both 
ID  Mood^  and  in  lyniph  or  ehyle.^  Aeuimling  Ut  Suegon,  the  glycolytie 
idiou  is  active  in  the  preHenee  of  elilondnnii,  ami  is  ilestruyinl  by  a 
temyjerature  of  more  tlian  04"  i\,iu  these  respn  is  resi'uihling  an  ru/y me. 
Upine  state-a  that  it  is  absent  or  diminislad  in  activity  in  diaht^es,* 
whether  the  result  of  disease  <jr  oi»eration  (removal  of  j^mereas),  and 
that  a  ver}'  active  glycolysis  oeenrB  in  perfusing  blood  thrtHigh  variiais 
oi^ans  (kidney,  lower  hmhs)J^  Arthus,  uu  the  other  h;iiid,  dunirs  the 
pfe-existenee  of  a  glyeitlytie  feriuiMit  in  blnn^L  Ife  Knds  no  glycolysis 
in  oxalaied  blood,  and  tliinks  it  prohafile  Lhat  ibe  ft^riuent  is  forruL'd 
from  lenc<x^ytes  rhning  coagulation.^*  Knius  jinds  that  the  glxeolysis 
which  occnrs  in  blood  on  standing  is  accomj^anied  by  a  s|fHtting  otl'  of 
CO^,  and  is  prol)alily  (hie  therefore  to  oxidation. '- 

Ppoteids  of  plasma. — The  ]»rotoids  of  |>lnsma  me — 

1.  One  or  more  closely  allied  Ldlnnnins  (siMinn  nlbuiuiiis), 

2.  Two  globniins,  terraed  resj>eetivoly  scruru  glitbulin  :nid  Hbrinrtgen. 

3.  A  nucleo-proteid  or  nuch-o-proteids. 
Blood  conUins  normally  neither  allMimtme  nor  peptones.*^^      All  the 

proteids  are  completely  precipitated  by  Siiturating  plasma  witli  annuo- 

^  Arch,  per  le  86.  med.^  Torino,  l>9:i  voK  \\n.  \k  IO.'j. 
^  Areh.  dephym&i.  nonn,  et  path.,  Vavh,  IH'Xr,  p.  f/2S. 

*  Compi.  re  mi.  Acad,  d.  «.,  Puris,  1876,  \\  1  IO<n 

*  Proc,  Rsnj,  Soc.  Lmtihtf,  1877,  voL  xxvi,  |n  ?.4*5  ;  itJid  ]^7*.K  vol.  xvvii.  ]..  f^liO.  Seu 
also  "  PliysioL  of  Carboliydrntes/'  pp.  171-175'. 

*  Rithmanii,  Ccntndht,  /,  rfnjaioL,  Lit'pzi>(  vi.  Wk-ii,  1800,  Nn.  1  ^  V.  Harlry,  Jom^i, 
Fkfmoi.^  Cainiiridge  aud  Lonilon",  1K91,  vol.  xif.  jk  -i^H  ;  Paw,  Brif.  Mcff,  Jtntni.^  London, 
]88«,  Tol.  L  p.  453. 

•Sdwsnck,  Aixh, /.  d.  gts,  Physt'd,,  IVajit,  ISiio,  lid.  xlvK  S.  607:  ISIH,  nd,  xlviL 
J*.  02L  For  a  method  whereby  Huch  <^rnir.H  waxy  In-  lar^'oly  avoidnl  ,st'e  l^.  Wayrnnutb 
fteid,  Joum.  Phtfatol,,  Candiridge  aud  Londuu,  1^J)6.  vol.  xx!  ji.  *i\t\. 

*  RijhniADn,  io€,  eil.  ;  Harley,  Iw,  cif,  ;  Snefreii^  l\li:.}t.  Uin.  irchnitchr.,  1892,  No?i.  14 
aadlS. 

*  L^piney  Campt,  remL  Acad.  d.  ae.,  Paiia,  1890,  touie  ex.  p.  7\2\  I/pijiv  luul  nanal, 
^^Md.,  1890,  tome  ex.  p.  134;  ibid.,  1891,  tomo  rxii.  pp,  tIL  «i04,  H  s>,  1114  ;  nnd 
^^Moerxiii.  p.  118. 

^^■^  »  f ^»viij« Vm.l  Metros.,  ihid,,  1893,  tome  cxvii.  p.  l.>4. 

^^H  ^t  and  Barral,  loc.  cii. 

^^H  dt  phy^Loi.  norm,  el  path.,  Parb,   1892,  p.  337  ;  CompL   nutK  Atad.  d.  sc., 

^^H  2^  tome  cxiv.  p.  60r>. 

^^^^^  ./.  /,  kiin.  AffjL,  Berlin,  1892,  Bib  xxi.  H,  'U;*,     Ha}  also  HiliiHriiifi  Jiiid  S|tir./c'r, 

^^^^^L  ich.  rhem,  fJateUnch..  Berlin,  BL  xxviii. ;   Jind  Spit/er,  At'ch,j\  d,  *jr».  Phj»itiL, 

^^^B  Bd.  Ix, 

^^^^^  trton  And  Colls,  JtmrJi.  PUh.  ntuf  Ii,tehrnfi.,  Ed  in.  ninl  Lniidun,  is^f-,  p.  2[ir». 

^^m  I. — ii 
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THE  BLOOD, 


nium  sulphate.  Th  !  globulins  and  nuoleo-proteitl!=i  are  completely  pre- 
cipitated by  half-Ra  uratioii  with  ammonium  8ulplmte,  or  l\r  cotaplete 
saturation  with  magnesium  Hult>hate;  whilst  tibrinog^n  is  proeijntated 
by  half-Baturating  phianm  with  chloride  of  Hoditim  (prolialdy  Sfmie  nuel©o- 
proteid  is  Ciirried  down  with  it).  lTp(Hi  tbef«  ditlbreiices  of  solubility  in 
solutions  of  neutral  salts  the  se]_mrat]on  of  the  lilontt-prateids  fine  from 
anot!ier  dejM^nds, 

The  proportion  of  globulin  to  albumin  *^,f—-!-  is  known  its  the  ^'Tirdteid 

albumin  * 

quotient";  it  varies  in  diflferent  animaU  and  in  the  ssame  8j;«cieii  of  animal 

under  diiferent  ccinditious.^     For  the  same'  individual  it  \^  almost  Cfin«tant  in 

the   hicKifl  f^eram,  lymph,  aJid   k«eroiis   transudationftj  although   the   itljfiolute 

amount  of  proteid  in  the 

The  axinexei]  talJe^  tttive  amoimts  of  ihf  proteidi 

in  the  serum  of  differf  bfirs  iire  taken  from  different 
sources  ^  the  fir^it  four  ^ 

They   are    oblainei  U,    by   weighing    the    alexdiol 

precipitate;   {//)   the  \  off  the    niagneiiium    sulphate 

precipitate,  re-dissolviti  \   aleohol   precipitate;    (^)  the 

albumins,  by  taking  thi  5se  tw<j  rei?idts.     {h)  itu' hides, 

besides  serum  globulin^  fibrinogen  in  euagulatioii,  und 

also  the  nucleo-proteide  hase  are  in  very  small  amount. 
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4-52 
2.69 
3*33 
^4'i3 
3-69 
1-24 

ri>4 

1*83 
0  09 
0-37 

t-40 
0-43 
1*45 
0*45 


The  nn)??t  noteworthy  feature  shown  in  tliese  figures  is  the  relati%'ely 
small  aioonnt  nf  albumins  i^reseiit  in  the  ^eriim  aA  cohl-blooded  aniinafe 
as  eompmiH]  witli  the  globulins.  It  lias  lieen  f^tate"!  that  the  alhnniins 
j)ro|Mirtifinately  diminish  in  starved  animalH;*'  l^it  otlier  inveBtigators 
ha\T  fiiilefl  tn  ronflini  this  coneluBion.*^ 


'  Coiiiji.iio  Frassineto,  Arrh.  itaf.  <Jr  /nol.,  Turin,  1805,  vol.  xxiv.  p.  457  ;  Paulesco, 
Arch,  tf''  pjnfsiol.  iionn.  rt  jmJh.y  l^iris,  18D7,  p.  '21  ;  \V.  Eiigel,  Arch.  f.  Hiig.^  Miinchen 
n.  Lei].7ig  (1),  IM.  xxviii.  S.  334. 

-  Salvioli,  Arch.  f.  PhysioL,  Leipzig,  1881,  8.  209  ;  Ilonfmann,  Arch.  f.  cxper.  Path.  u. 
Pharmnlol.,  Leipzig.  1882,  Hd.  xvi.  S.  133. 

•'  Hallil)nrti)n,  Jovrn.  J*h)/sw/.,  Caniliridgc  and  London,  1878,  vol.  vii.  p.  821. 

■»  Arch.f.  0.  ffs.  Phif.v'nl.',  Bonn,  1878,  Ud.  xvii.  S.  413. 

''  Tiegcl,  ibu/.,  1880.  ]'>d.  xxiii.  S.  278  ;  Jinickhardt,  Arch.  f.  e:q>cr.  Path.  v.  Pharmakol., 
Leipzig,  1883,  P»d.' xvi.  S.  322. 

•^  Salvioli,  Arch.  f.  Physiol.,  Leipzig,  188],  S.  260;  ITowell,  John  Hopkins  Univ. 
Stud.  hiol.  lab.,   l^altiniore,   vol.   iii.   ]).    40;  RubVireclit,    Trav.   da  lab.  de  L.   Fredericq 


PROTEIDS  OF  PLASM/L  163 

Aihumhis  of  hlmHl  phtMna. — The  albumniH  oi  plasma  i»-ilfio  found 
in  the  serum  after  magiilittinii  of  hlnod,  iukI  hejir-e  they  Itave  been 
termed  serum  albumins.  Tlioy  rL^riHin  in  plasma  nr  Hcruui  after  half- 
aturatiug  it  with  annuoiiinm  wulpbato,  ij\  by  mixing  it  witli  an  equal 
amount  of  sjifciu-ateil  ammcmiiim  wulpbate  Holution,  or  after  entirely 
sstumting  it  witb  magnesium  snlpliMte. 

The  preeipitatcHl  glubulinB  ami  nudeo-proteid  are  removed  by  filtra- 
Qon,  and  the  tiltrate  dialysed  to  reniuve  the  salts.  Tbe  sohitinti  wbieb 
remains  euntains  only  the  albuiuins;  tliey  am  be  preeipitated  from  it  by 
»turation  with  ammonium  sulyihate  or  by  godio-magnesium  sul]>bate, 
Accfirdiug  to  (liirber,  they  ean  be  obtained  in  a  erystalline  form  by 
adding  ammonium  sulphate  just  suHieient  in  produce  precipitation  and 
allowing  the  tiuid  U^  sbmd  ex|>osed  to  the  air.^ 

The  material  obtj^iined  in  these  ways  eonstitutes  what  has  usually 
beea  calle<l  serum  albinnin  (serine),  but,  as  Hallilairton  lias  shovvn^-  it  is 
really  a  mixture  uf  three  sopirate  albuniLiis,  which  he  has  termed 
respectively  «,  /3>  7*  These  ilirter  from  one  another  in  their  temperature 
of  beat  coagulation:  fit-allnimin  coagulates  at  72"-7ri'  U. :  /^-albumin  at 
rr-78'  C;  and  y-albumin  at  m'-^m"  U  In  the  ]>Iasma  nf  hm se,  ox, 
and  sheep  blood,  a-nlLiumin  is  absent,  but  t!ie  nther  twu  are  ]H'osent;  in 
inaa,  and  all  other  mammals  ami  birds  investigated  by  Halliburtnn,  nU 
three  were  present;  but  in  re[itileH,  aniphilnM,  and  tislies  investigated, 
s-albumin  was  usually  the  only  one  found. '^ 

The  crystals  of  serum  albumin  wliich  were  obtained  by  Giirbur  frum  the 
mmm  of  horse's  blood  were  hexagonal  pmms  with  one  pynuijidiil  end, 
and  were  doubly  refnicting  ;  some  of  them  were  Jis  iimcli  as  1  cul  long. 
Their  elementary  Lomiio^ition  wa^^  C,  53-1;  II,  71;  N,  15*9;  S,  1*9, 
0*22 ;  and  ash,  0'22  per  cent.  Dissolved  in  water  and  the  excess  of 
•mmonium  sulphate  removed  by  dialysis,  the  sobtti^m  had  a  heat  n>ap[ulatitjn 
tempexature  of  51*  to  53",  and  a  specific  recitation  for  yellow  light  of  -61".-* 

Tkr>  glohulhh^  of  Mood  plai^ma.—Thi}  ^^lobulins  (*f  blnoil  ]tlasuia  eon- 
sist  of  serum  ^dtibulin  and  Hbrinoiieu.  Serum  ^^Inbulin  (iiaraf^dnhnlin, 
Ktihne;  fil>rino-plustie  Hubstance.  A.  Sclnnidt)  has  a  heat  eoajj^ulation 
temperature  of  To  C,  which  is  almost  cnnstant  in  all  animals  in 
which  it  lias  been  examined.  The  amount  to  whieb  it  is  contained 
in  plasma  is  reprctsented  by  the  ti<rures  in  the  second  eolumn  of  the 
table  on  p,  162.  It  will  be  seen  fr<)Uj  tins,  that  in  man  it  etjustitutes  about 
three  yjarts  jier  cent,  of  the  total  serum.  It  is  prer-ipitated  from  stu-um  by 
half*satm*aiion  with  ammonium  sulphate,^  and  also  by  eiunplete  saturation 
with  magnesium  sidphate,  soiliuin  ehloride,  and  some  other  neutral  salts 
which  do  not  jireeipitate  the  albumins :  alsf»,  but  less  completely,  by  dilut- 
mg  the  serum  with  water  (fifteen  times)  ami  passim^  tyO,  thn^igb  it,  or  by 

•  Sitemt^.  d,  phyn.-med.  Otsalhch.  zu  JViirzhimj,  IS 94,  S,  143. 

•  '^'m,  Phftsid.^  Caiiibiidj,^e  and  Lonrion.  vol,  v.  p,  \T*1, 
the  slider  t*>rrapiii  (H<nvell,  John  fhq^kin^  t*}Hi\  SfVfL  hiuf.  iah,^  Ualliumre,  vol, 

4**)  the  albuniiii  present  is  apiiaretitly  nj  the  (^  variety,  coajjuluting  at  71'  to  80  , 
►*«1  and  dr»g-tish   this  variety  was  aUi  found   hy  IhilWhwriMH  {Jimm.  Physiol. , 
afid  Loudon,  vol.  vti.  {u  320). 

t  (idth  fltlrher)^   Vtrhandi,  d,  phys.-vud.  GeseUaeh.  in    U'ih-zfmrtf^  1895,  N.  K., 
%o.  8, 

{Artk,  f.  trptr.  PfUh.   u.  PktrnuTbff.,  U-\\yi'y^,  IHSG,  Bd,  xx.  S.  411)  foiiud 
»  af  ammonium  sulphate  wtrouger  tlmn  'li  ]^i^v  ct'iil.  eonifilttcly  ineeipitat^  d 
;   idnive  33  5  per  cent,  iwnne  of  the  s<>mT!i  allminiji  also  comers  dowji.     A 
olution  contains  about  2+5  j>cr  ceiit. 
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diluting  with  water  iml  iientralisiii^  it  with  ilihite  aretie  nv\d  (in  excefw^ 
of  which  it  easily  ilii^snlvra).  Like  other  glnlmliim,  it  inquires  the 
presence  of  a  certaii  amount  nf  HaltH,  or  wenk  alkfiH,  to  he  {Uk^hoIvi!*!  in 
water;  it  is  thereto lo  prmpitotDfl  by  dialysm  or  by  Butlif^iont  diltitioii 
of  its  solutions  in  .« ihi^  or  in  sennn,  even  without  tlie  additi^m  of  an 
acid. 

Fibrinogen. — Tlii  \  ia  the  substance  to  whicJi  the  plasma  of  thfs  blood 
especially  owes  its  p  i»porty  of  KO-Ciilkfl  spoiitaniHuus  t!ouj:;uhd>iIity  ;  vvhieh 
led  to  the  term  "co?t  julable  lymph  "  boin^  applied  to  it  by  older  writersw^ 
It  is  precipitated  fn  m  plasnm  rdon^'  witli  f^eriuu  rrlobidin,  liy  flatumtion 
with  magnesium  suljiiiato  or  Hodium  i-bl^uide:  tlie  |*reeipitation  of 
mixed  globidins  so  obbiintd  ftlii^.  ril4i.^mbitt  of  Deuiji)  hwrn^  a  wmgulabl© 


liquid,  on  dissolving  i 
entirely  precipitate*"  I 
half-saturation  with  i 
with  the  aid  of  the  ^ 
and  so  on  until  it  in 
approaching  ])urity. 
loses  its  solubiUty.  a 
precipitate  redissolv< 
which   remains   ujid 
fibrin  in  many  phv-si 
rapidly  swollen  by  d.^^^c 
imyado-lihrin.      Fibrinogen 


utiou  of  salt  Fibrinogen  ib 
rjlher  fiiiid  contfdniiig  it,  by 
sail  lie  re-dissolve* i  in  water 
sdipitated  by  half-Batn ration, 
I  wliieh  may  be  regarded  as 
he  ^alt  solution  it  grEnluaUy 
)  18  pret'ipitated  lest;  of  the 
\i*  niaterial  which  forms  and 
sobiLion  of  ,s«dt  resembles 
raeter8,  but  i«  not  similarly 
>e  teiined  'pffrn-fVtrhmi**ti  or 
J    Llilute  nllvali,  even  in  tlie 


absence  of  neutral  saltts :  its  aiKainie  solntmns  are  clear,  Init  itw  suluiidnB 
in  neutral  salt  sobitionw  are  oyialewcent  It  m  precipitated  from  the 
solution  ill  weak  alkali  by  careful  neutnilisiition  witli  aeetir  acid,  and  fnmi 
sohiti(uis  in  neutral  sjdt  snhitinns  liy  Hlightly  acidulating  with  the  name 
acid,  but  it  is  readily  soluble  in  excess  of  the  acid.  The  tenqNiTalure  of 
heat  coagulation  oi  Hln-inogeu  in  ailt  solution  m  l.ietween  52'  and  55";* 
but  tlie  whole  of  tbe  ilissolverl  jtroteiil  \^  not  tbrowu  down  at  thift 
temi>eratui'e :  a  sm;dl  auifniut  rt'iiiaiiis  in  sobilion,  and  is  not  cnagnlated 
until  the  tem])eratirrH  of  (i5  C  is  attained,  Accur«1irig  to  liammarHten,* 
this  is  due  to  the  s])litting  of  the  tibrhiogen,  umler  the  intluence  of 
beat,  into  coagulatod  tilirinrsgen  and  a  gloladin,  wbirh  is  efwi*rulate<l  at 
tlie  higlior  temperul  tiri\  If  tilninngeu  wliioh  bus  been  obtained  from 
Idood  plasma  bytln'  i\\n\\\}  uietbod  of  half- scit oration  with  Xat'b  and 
]uirified  ])y  iepeat(nl  re-S(»lution  and  re-pnxupitHtirai  witli  acetic  acid.  l»e 
dissolved  in  water  reudi^red  faintly  (dkaline  liy  XallO^  it  gives  a 
coagulum-like  ])re(  i[)itate  (if  siitticiently  cnuccntiated)  ji  bsliort  time  after 
the  addition  of  a  bnie  salt.  Tlie  cijagidum  lesemldes  fibrin  in  many 
respects,  but,  accrndhig  to  Hammnrstenj  it  is  not  true  tibriii,  but  a 
coml)iiiation  of  fibiinorfen  witb  lime/* 


'  Ilonlstoii,  Diss.  M.mI.  Inaui;..  "  <le  Inflnniuiatione,"  ]•]).  11,  12,  14,  Liigd.  Hat.,  1767. 
See  Hewson's  Works,  Introdiiftioii,  p.  xxxvii,  oditod  by  (i.  (lulliver,  London,  jtrinted  for 
tlie  Sydeiiliam  Society,  1^16. 

-  Haniiiiarsten,  Arcli.  f.  d.  ncs.  Phifsinl.,  I'onii,  1879,  15d.  xix.  S.  563. 

-  llaniniarst.Mi,  ihid.,  1880,"  lid.  xxii.  S.  431. 
'  /hid.,  ls7l',  r>d.  xix.  S.  f)<;3. 

Mlaiimiarst.Mi.  /(srhr.  f.  phimioJ.  CIicn.,  Strasslmrg,  1896,  Hd.  xxii.  S.  333.  It  is 
nnn»'f.'ssary  to  add  any  ferment  or  nneleo-proteid  to  the  .-solution  to  produce  the  n^snlt,  hut 
there  is  no  (htuht  that  nneleo-]noteid  niav  he  present  alon<^'  witli  the  tihrinogen.  It  was 
shown  ]»y  Lilienfeld  (Zf.^chr.  f.  pfnf.v'o/.'  Che.m.,  Strasshur<;,  1895,  Bd.  xx.  S.  89)  that 
lihrinoL^cn  i>rei>aied  hy  Haninmrsten's  method  contains  nuclein  ;  from  this  he  interred  that 
it  is  a  nueleo-jMottid,  and  not  a  <^dobulin.     Jint  the  amount  of  nuclein  ])resent  is  not  sufficient 
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As  just  stated,  fibriiingen  is  preci]»itated  from  plasma,  ami  from 
its  solutions  in  neutral  salt  aohitioii,  cjr  dilute  alkalies,  by  the  Lid*litiou  of 
dilute  acetic  aeid,  even  in  jsliglit  excess.  Tliis  precipitate  lias  been 
tenueil  *'  tlnombosin  "  by  Liiienfeld,*  who  regards  it  as  due  to  a  splitting 
ui  the  tibrinogen  under  the  iufluenee  of  the  tieid  into  this  substance  and 
ail  albuniose,  but  it  lias  not  been  si  town  that  it  ]iossesBeB  any  prfJiMjrties 
differing  from  fibrinogen.^ 

From  what  has  been  stated,  it  will  Ije  seen  that  it  is  improbable  that  the 
nuit^rial  which  is  ohtiiined  from  plai^ma,  inidcr  the  name  of  tiliriiiogen,  in  a 
nmpie  subestance.  It  is  probably  either  a  mixturej  or  a  loose  combination,  of 
&i  lea^^t  three  substances,  namely — 

1,  Fihrittofjen  proper ^  coagulating  at  56"  C. 

2,  The  globiihn  described  by  Hammaraten,  and  termed  jlhrino-glohulm^ 
csagulaUug  at  65'  C, 

3,  A  nuciaO'prohkL 

Th^  jiuclco-protrid  of  plasma. — Beyond  the  fact  of  its  presence,  and 
that  it  appeiii^s  to  be  one  of  the  essential  fattnrs  in  the  furmtUion  of 
fibrin,  very  little  is  known  regarding  the  nueleo-protei<l  of  blood  itltisnia. 
It  \&  doubtful  if  it  exists  in  the  plasma  of  circulating  blood  ;  it  is 
thought  by  many  that  in  this  it  is  conJined  to  tiie  white  eor]>uscles  and 
bloocl  pktelets— a  very  little  being  also  pres(?nt  in  the  red  et>r]>useles — 
ind  that  it  is  shed  out  by  tiiese  as  Sinai  as  the  bbuHl  is  drawn.  Tlie 
imsoiii^  for  this  belief  are — 

1.  White  blood  corpuscles  and  similar  cells  (lymph  cells,  tbyinus 
cells,  etc)  always  contain  a  consitleiable  amount  of  Huclcti-|iroteid. 

2.  In  plasma  obtained  by  subsitlenco  cif  the  ct^rpuscles  there  is  most 
0uclef»'proteid  in  the  lower  layers,  which  conlaui  mo^5t  leucocytes ;  and 
leist  in  the  upj^er,  wliicb  contain  very  few. 

3.  Fluids  which  collect  in  the  serous  cavities  nf  tbc  Inidy  ([H'ri- 
cardiiil  fluid,  hydrocele  flniii,  ascitic  fluid)  fretjUiutly  contain  m> 
leucocytes.  When  this  is  the  case  they  are  also  devoid  ttf  nueleo- 
proteid  and  of  the  property  of  siJonUmeous  coagulabihty,  alihough  tliey 
contain  fil:»rijiogen. 

The  nucleo-proteid  is  precipitateil  fri»m  ox^bite  pl-isuiM,  by  iillttwiug 
it  to  stand  for  twenty-four  bu\us  at  0'  V.  Tbc  adibtinii  t»f  iu-otic  acid 
in  slight  excess  also  tbi^nvs  it  down,  but  not  in  a  inire  form,  for  til>rin- 
^gpn  isi  Ciirried  down  along  witli  it.  Its  solutions  are  cnaguluted  at  G.'  (\  : 
tt  a  temjjerature  of  bO'  i\,  in  presence  uf  fiee  alkali,  it  is  split  iuto 
uueleiii  and  a  proteid.  This  is  stated  by  IVkelbariut^  to  1h;  a  proteose,^ 
but  it6  proteose  character  is  denied  by  Martin.'*  MalliburLnn  and  Ilri»dic 
eonld  also  find  im  proteose  in  bbrnd  ai'ter  the  injirlion  of  nrirleo- 
albumin,^       lu    the    presence   of    soluble    stlts   nf    lime,   it    Inrms   a 

td  justify  this  inHerence,  antl  its  |iri"wi)ce  is  urnh.iMy  Am-  tfi  the  Tart  tJuit  humw  or  jill  of 
the  niicleo- proteid  prv.'^cnt  in  the  iikutiiia  is  |neLi|>iLati'<l  along  willi  llir  filuiiiogfii,  ami 
.li-  —  *^  ^1^  jj^  ^i^p  siilistqiieiit  jimteAWj*  of  pmij^-utiois  (Srluilr r,  I'roc,  l'h>jf<ioL  Sc/t-,,  Journ. 
,,  CftDiliri'l^e  and  L4jn<!on,  1895,  p.  xviii).     Sir-  titer,  p.  172. 

'*',  Froc>  PhynioL  Soc»y  Jvuni,  Phyi^wL,  f*riiul>ri<l*^u  \xw\  Tjoih1<mi,  189r>,  voL  xvii. 
ixiarBt<5n,  Zt^nhr.  f,  physioL  Chnn.^^^UmH^mvg^  Ud.  xxii,  .S.  3^4  ;  Cnniier,  ihifi,^ 
itL  S,  74,    Atvoniing  to  H;iinriiHrHti  ii^  Miirt  ooAguhirii,  likr  that  prnduri'd  in  \i  auhi- 
original  iibriuogeup  is  not  tihrin,  but  «  tihrin  liki^  iuiiiMnnli<>n  ut  liinotoid  tihrin- 
"fl,  liowever,  it  hiia  utteii  ajfjuHivd  diffiiailt  to  <ii,simgihah  Iroiu  tibisii. 
itig,  *' Untcrsuch,  ii,  d.  Fibrin  rinnent,"  AiiistunlaTii,  18S»2. 
^hysiol,,  Cambridge  and  Loijrloii,  1H2»|,  vol.  xv,  \>.  375. 
^^•94-5,  vol.  xvii.  \K  \h^. 
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substance  which  possesses  tlie  pro].K?rty  uf  converting  fibrinogen  intu 
fibrin,  and  is,  accord  ng  to  I'ekelharing,  a  comlnnation  of  the  iiiicleo- 
proteid  with  lime,  a  id  ideiitkal  with  the  filjriii  feniient  of  A.  8t:hnudt, 
The  fibrin  fermeut  is  sometinies  epoken  of  at*  '*  thrombin,"  and  tlie 
nucleo-proteid  iiiaterial  in  the  plasma  from  which  it  is  produced  is  then- 
termed  "  prothrombin." 

Wooldridge  ^  found  that,  on  subjecting  peptone  plasma  to  cold,  he 
obtained  a  finely  gvn  mlar  dei>osit,  which  had  the  proi>ertT  of  ]iroducing 
clotting  in  fibriuogeiims  iluida,  which  are  not  themselves  sjiontanc^jusly 
coagulable,  and  of  actitdenitui^  the  process  of  clotting  in  coagulal>le  fluids. 
To  the  material  tlius  ol>tained,  and  whicli  he  describe*!  as  having,  under 
the  microscope »  nn  a]ipearance  sinular  to  masses  of  blood  platelets,  he 


gave  the  name  "  A-libi 
peptone  plasma  it  pro« 
was  more  or  less  prop 
is  not  fibrinogen  as  t 
nucleo-proteid,  or  a  i 
deposit  occurs,  as  aln 
cold.     A  preci]dtate  e 
adding  magnesium  aul 
in  both  plasma  and  a 
acid,  but  in  b(»th  ca;&. 
It  also  occasionally  c 
application  of  cold.      Hall 


found  that  on  adding:  it  to 
the  aiiitiunt  nf  coagulation 
I  of  A-librinogen  added.  It 
ted,  l»ut  ii^  probably  cither  a 
kl  with  globulin.  A  similar 
plasma,  on  ytantling  in  the 
batance  Is  also  produced  by 
ierable  amount  to  blood,  ami 
s  on  acidulatiou  with  acetic 
ui-xcd  with  fserum  globuliiL 
!;taudbig,  even  withrjut  the 
gented  that  t!ie  deposit    in 


peptone  plasma  may  be  a  |>art  oi  hne  protL....es,  which  were  injected  into 
the  blood,  for  Ik*  fuuud  that  sohltit^ns  uf  albumuse  were  liable  to  give  a 
similar  deposit  on  coohng  by  means  of  ice,  l>ut  there  is  not  enough  proteose 
present  in  peptone  plasma  to  account  for  sueli  deposit,  and  tlie  fact  that  it 
occurs  under  other  conditions  in  ]>laHma  also  negatives  this  suppimtion. 
These  experiments  ni  Wooldridge,  and  tlie  l)ebavirair  of  the  l>ody  tertueil 
by  him  A-fibrinogen,  will  be  again  referrcil  to  in  a  subsequent  section. 

Fibrin. — Fibrin  is  the  cluef  sidistance  formed  from  iibrinfige!!  in  tht? 
coagulation  of  Ijlood  plasiua,  and  it  is  also  jn'oduced  in  tbe  coagulation  uf 
lymph  and  other  fibrinogen-containin'4  fluids.  It  is  usually  got  by  wf lipping 
Ijlood  as  it  ll(jws  from  the  bluod  vessels  with  a  bundle  of  wires  or  glass 
rods  l)ef(>re  it  has  had  time  to  ex>agulate  into  a  soUd  mass.  The  coaguluni 
then  forms  \\\)in\  the  wires  or  rods,  and  can  be  washed  free  from  adlierent 
red  cori)uscles  by  putting  it  under  a  streauj  of  water  for  a  few  hfun-s. 
Ihit  to  obtain  pure  fibrin  it  is  necessary  first  to  prepare  fibrinogen  from 
])lood  j)lasina  l^v  pretapitatiun  with  NaCl  (luilf-Kfitu rated),  in  jtorify  this 
by  re-solution  and  rc'incci]ii.tation,  and  nuiilly  to  catisetlic  coagulatitai  of 
the  fil)rinogen  s«dntion  by  fiiniu  fi^ntiMTit  Tlio  floi  thus  obtained,  which 
must  l)e  thorougldy  washed,  is  composed  of  nearly  pure  fibrin. 

When  ol)tained  by  w^hii>ping  blood,  fibrin  is  a  white  stringy  substance 
when  wet,  drying  to  a  glue-like  mass.  The  threads  of  which  it  is  com- 
posed, and  wliirli,  as  may  be  seen  in  a  nucroscopie  pre])aration  of  blood, 
interlace  witli  one  anotiier  and  form  a  network  of  the  finest  possible 
filaments,  entangling  the  Idood  corpuscles  in  its  meshes,  have  a  strong 
tendency  to  retract  or  shorten  when  formed:  this  is  the  reason  why  a 
clot  shrinks  and  expresses  senna  from  its  interior.  Fi])rin  is  slowly 
soluble  in  5  to  10  per  cent,  solntions  of  certain  salts,  such  as  sothum 
chloride,  sodium  suli)hate,  potassium  nitrate,  magnesium  suli)hate,  and 

1  Wriglit,  La.icd,  London,  1892,  vol.  i.  \^\k  4r.7,  515. 
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ammonium  sulphate,  and  also  in  iodiden  and  Muoritles,  and  in  snhitionH 
oftirea.^  It  ls  ako  very  alcnvly  dis8uhe<l  to  80ine  extent  by  iihiiumI  widt 
solution;  the  siolution  is  in  all  eusea  at^.Hi.st*3d  by  niuderate  warnitli.  Fil^rin 
obtainetl  from  veuoua  IJood  is  slightly  more  Huluble  in  s<dt  HulutiouH  tbtin 
^l^yielded  by  arterial  blood.  The  pioteid  material  which  is  found  diB- 
m9mP^i^x  solution  *>f  fibrin  in  the  above  yalts  is  com|Hi.sed  of  two 
globulins/^  having  In  ui  r^iagulation  temperatures  of  Tj;*'  and  75°  respec* 
tively.  The  latter,  ai;rnnhn<4  to  Halliburtun,  is  redneed  to  ()0'^-G5  in 
Hxlium  chloriiie  8olntir>n8,  being  7*i'-75  hi  ma^nieHiuni  Hulj>hate  solutions 
only.  AlbumnseH  are  alwu  |ire8ent  in  the  tiuid  (Liinbour^^  Dastre).  T!uh 
aolutioii  of  librin  in  neutral  Hidts  oecnrrf  in  the  entire  aljHenee  of  ]aitre- 
factive  decom|M>Hition  ((ireen,  l>a,stre).  Fibrin  swells  in  dilute  aeid  (sueh 
«s  0*2  jier  cent.  HCl)  into  a  elear  Jelly,  wliic-b  very  slowly  undergoes 
atiUition  with  the  formation  of  aeid  albunun  and  i>roteo«es.  Stronger  acids 
and,  wnth  the  aid  (if  heat,  weak  acids,  ellect  the  conversion  more  readily. 
The  addition  uf  pepsm  to  the  acids  emiiloycd  j^ieatly  accelerates  the  coii- 
ver&ion,  the  Hbrin  first  splitting  into  two  globulins,  one  cnagnlating  at  56'' 
and  the  other  at  75".an(i  tlien  becoming  tran-shnnied  intt»ucid-albumiii,]n*i- 
Veo6ea,and  |»eptones.^  Trypsin  in  alkaline  solutions  lias  a  similar  action.'* 
Blood  yields  from  2  to  *4  ])er  cent,  nf  its  weiglit  uf  dry  hbriu.  Ham- 
niarsteu^  gives  the  follow mg  as  the  elementary  eninposltion  uf  Hbrin:— 
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It  is,  however,  never  free  from  asli,  autl  the  ash  inviuiably  cunbiins 
lime,^  but  not  more  tlmn  fither  pmteids,^  nor  tines  it  cnnUun  nirne 
lune  than  the  hlirinogen  from  wliicb  it  is  ftjrnied.  Thus  io  nne 
experiment  Hammarsten  found  tlmt  a  S4im]ile  uf  fibrin,  obtained  liy 
the  action  «*f  ferment  pre[iared  fmni  (KKalated  senna,  u]Min  fibrinogen 
preparefl  by  preeipitation  from  i>xalated  phisma  by  acetic  actd,  yielded 
exactly  the  siime  amount  nf  lime  as  a  sample  of  the  Hbriiiogen  itself, 
namely,  0*055  per  cent.  This  fnct  cntn]»letely  ciispnses  ol"  tlic  theories  of 
diagiilation  which  assume  that  lil^rin  is  merely  a  Ciuol>inatiou  kA 
fibrinogen  with  lime,  such  as  those  of  Frciuid,  Arthus,  Pekclhaiiug,  mid 
lilietlfeld.  Fibrin  <)l*Udned  by  whipi>ing  bhuMl  Iwives  a  eonsidcmble 
phoflphorns-eontainhig  residue  ( nuclei n)  after  siilijcction  to  ]>eptic 
digestion;  this  is  probably  largely  tlerived  frora  tlic  uaclci*-proteidH  of  the 
entanglefl  leucocytes.  But  even  fibrin  obtained  from  solution  of  puriiieil 
fibrinogen  in  dilute  salt  solution  yields  a  certain  uuiount  of  sucli  residue.^ 
It  i^  jxisifilde  that  this  may  be  an  accidental  iuipoiity,  but,  on  the  other 
hand,  it  may  be  an  integral  constituent  of  the  hbrin. 

^  Dastfe,  ^rdi.  dt  jthytmL  norm,  ci  path.,  Paii.s,  lH9.j,  y.  408;  Cumjft.  nittL  Jatti.  d. 
«.,  Paris,  1895,  tome  cxx,  p,  589,     Seo  also  on   the  iioltiljilUy  of  tibnri   iii   in-iitn*!  ?<alt«, 

tutij  Arc^.  /.  PhtjsioL^  l^i]y/.ig,    ISBl,  S.    210  ;  uiid  AiiliUii,    'Tojig,   iha  U<juidc.s 
!«,"  Paris,  1894,  i>p.  105  tt  jw/. 
n^  Jounx,  Phifiti*d,^  CamtiHfige  imil  Ijoinlou,  1887,  vol.  viii.  ji.  37li. 
^broc k f  Ztsc^i r, /,  ph t/.^hl.  Ch^ttt . ,  i5 1 nuit, I m r;<,  n< I .  x i .  S .  :HH. 
Herrnmiui,    ihid,.  Bd.    xt.  S.  508.     Tin-  olliii-  litfr?aurtj  on   tliiH  siibjcut  will   W 
Haniljurtnij,  ** Text* nook  <jf  Phjiiiol,  ami  Patli.  Chiiiiistiy." 
1./.  ff,  f^^.  PhifftioL,  Homi,  Bd.  xxiL  S.  4?^-l. 
»rik4<i,  Ztse/ir. /.  pkysivi,  Clt^m.,  StriiMHUmg,  1894,  BtL  xix.  S.  143. 
iiArit«i),  ibid,,  Bd.  xxii.  S.  3U2. 
er,   Proc.  Pkuticl.  Soc^  Journ.  Fhysio^.,  Cftnibridgc  and  Loadoji^   lS»5j  vol. 
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That  the  I'nnguLition  of  tlie  lilonil  h  due  to  the  foriuatioii  of 
insoluble  substMiii't*  (Hbriii)  in  the  jiksnm,  was  proved  by  Iiewsoii,i  who 
showed  that  a  coag  liable  pbiBina  am  he  obtiiined  bj  f^kiminiiig,  after 
allowing  the  eorpusNiles  to  subside,  in  blood  the  coagulatittn  of  wliicli 
is  delayed  in  any  way,  as  by  cold,  hy  neutral  Baits,  or  by  its  retention 
within  a  livinjj  vein.  The  (*ld  tlieorie«  wliich  ^useribed  the  euagulation  to 
the  cooling  of  the  ttlnud,  to  its  eouiiiig  Ui  rest,  to  the  running  together 
of  the  corpust  les  into  rrmleaux,  wei*e  oil  elt^ctually  thsproved  by  the 
same  careful  olii^erver,  Hewson  ako  showed  tliat  filuliiogen  (*' coagul- 
able  lymph  ")  is  preeipitable  and  removable  from  piasnia  by  a  tempera- 


[ewsoD^B  observations   iix>on 

rediscovered   by  Bubeequent 

until  com] larutively  modem 

3  to  the  knowledge  of  the 

such  aiiditiojis  (which  was 

he   observation   of  Andrew 

ed  by  water  and  solutions  of 

.  (eHpeeially  the  bufty  coat), 

projierty  of  ]H'oducing   the 

B  sj¥»ntaneoirsly  coagulablc, 

sucli  action  l)eing  comparal.de 

lie  recently  that  the  active  sub- 

n  examined,  and  found  to  belong 


ture   of  a  little   over 

coagulation  were  forg^ 

observers,  but  their  ac 

times  no  addition  o^ 

subject  wjis  nuiile.     1 

also   overlook rt]    for 

Buchanan,  that  Ji.  sul>? 

salt  from  lymplinlic  r 

and  from  vaii<jus  tii 

coagulation  of  serous 

such  as  hydrorcle  an^l 

to  that  of  a  ferment,     isut 

stance  cxtractci!  hy  Buchanan  uc..^  .^^u; 

to  tlie  class  of  bodies  known  as  nueleo-proteids. 

Schmult's  fhron/.—A  tberu'y  of  coagidation,  which  was  long  aecei^teil, 
was  that  of  Alexander  ^^cbniidt.  Sehuudt  notieed  that  thirds  which 
contained  fit)iinogen  but  were  not  spontaneously  eoagulaide,  such 
as  pericardial  nv  hydrocele  Uuid,  coagulated  on  the  addition  of  f^ernra. 
He  ascribed  tlie  tlbrin  funnatirni  which  resulted  t<*  the  action  (iibrino- 
plastic  action)  I  if  the  globulin  in  the  serum  upnu  the  filnnnogon  of  the 
]H3ricardial  lluiii.  Since.  liiiwev(n\  the  wune  gbibulin  is  already  irresent 
in  abmidauce  in  peiiciirdial  and  byihocele  tluid,  it  became  clear  that 
this  cxplanalinti  uf  Die  action  of  scrum  was  irisufticieiit.  It  was,  bow* 
ever,  sh(»wn  liy  Sclimidt  that  a  substance  is  extracted  by  water  from  the 
alcohol  ])rc('ipitatc  of  blood  lU'  serum,  which  possesses  the  ]>roi>erty  of 
causing  coagulation  in  tbese  tibrino*^^eiuius  liquids^  (U*  of  causing  coagula- 
tion in  ]>lasuia,  the  cougidation  of  which  tias  beeri  prevenlcil  by  the 
additi(ui  (»f  neutral  halts,  Tn  tliis  substaTice  the  nauu.^  iif  iiluln  ferment 
was  a])plic(I,  on  acc<»unt  of  its  aetion  rescndpling  in  gcucrnl  that  of  the 
unorganised  liTiucnts  nr  en/yuies.  Thus  it  Mas  found  to  have  its 
activity  aecelniti/il  by  warmtli,  and  destroyed  by  a  Idgli  temi^ra- 
turc  (G^^''  (  ■.),  and  also  t.>  t>c  cai»cible  of  producing  the  coagulation  uf  a 
relatively  lari^^t^  amount  of  fibrinogen.  It  was  still  held  by  Schmidt  that 
the  globulin  of  serum  takes  an  im])(utant  share  in  the  formation  of  fibrin. 

Ham ind.rMi  ii's  rarlicr  rc><carchcs. — Hammarsten  showed  that  serinn 

1  Op.  ril. 

-  F.»i  tlic  history  of  tlii-s  st-e  Scliiifor,  Joiirn.  J'/iysio/.,  ( 'iinil»ridgo  and  London,  1880, 
vol.  iii.  p.  l^."). 

•'  ("f.  G;iin;;e<',  "  Pliysiul.  CheiiiishT,"  1880,  vol.  i.,  where  will  also  bo  found  an  excellent 
account  of  the  •■arlirr  hJNtory  of  the  snhject  of  hlood  {'oagulation.  Sec  ahso  Arthus,  **Coag. 
des  lifjuidos  orj^aniqucs,''  Paris,  1891,  for  a  good  epitome  of  the  history  of  the  subject  up 
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glulmliii  iltjfs  111  it  t4ike  jxirt  in  fonuin^f  tibriii.  Jiy  predi>itating  Hbrin- 
ogen  by  Ijalf-saturating  [iLlsiiui  with  B<jdiinn  L-hlmiLle,  lie  obtiiined  it 
free  finm  serum  globulin,  anil  found  tliat  it8  Roliitiun  in  dilute  salt 
solution  was  coagulated  by  the  aildition  of  Schmidt's  extmct— the  so- 
edled  fibriu  ferment — alone.  Hainnmr«ten  proved  that  coagulation 
consisL^  in  a  eon\'er.sion  (if  iibiinogen  into  tiliriii ;  the  ebaii^e  being 
iicc»»ra|iiime<l  by  a  splitting  i*f  tlie  filtrinogen,  and  not  by  a  cnmbination 
of  it  with  the  serum  globulin,  a«  was  snppoHed  l>y  SebniidL 

Injfvence  of  lime  salts. —  Tkcorie,^  of  Frenml  and  af  Artkus  and  Faijh. 
—The  mure  recent  researches  Hince  these  of  Hamniarsten  have  been 
in  the  dii^eetion  of  elucidating  the  true  nature  <jf  tlie  substances 
contained  in  Schmidt's  extrai-L.  (ireen^  fnund  the  extract  to  contain 
sulphate  of  lime,  and  tliat  if  lime  were  removed  fruni  ]>laKHia  by 
(iialysis  its  coagulability  became  lowt,  but  was  resLnred  by  tlic  addition 
of  sulphate  of  lime,  liin^er  and  Sainsbnry  -  showed  that  other  salts  of 
lime,  such  an  calehnn  ehlnride,  laight  replace  tiic  sulphate,  and  that  the 
calcium  might  he  replaced  by  barium  and  by  strontium,  althimgh  tlie 
fldlB  of  these  metals  are  m»t  so  ulficaciuns  as  the  enrrcspunding  sjilts 
of  calcium. 

Freund^  also  drew  special  attention  tu  thr  ioi|Ma'lnnt  jiart  playcil  by 
lime  8alt8  in  jinurioting  the  funiiJitiun  nf  fibrin.  He  ,sup]Kised  the 
Ofiginal  cause  of  the  dc])osition  of  fibrin  in  fihrinogemnis  litpjids  to  be 
the  formatirm  of  insolulile  triUisic  j»hf>sphatc  of  linie,  by  the  intcractinn 
of  snliiltle  jdiospliateH  (whicli  he  supimsed  to  be  sbed  out  from  tlie 
Cijrpuscles  whenever  they  come  in  omiact  with  ainl  adhere  to  foreign 
furfaces)  with  soluble  lime  siilts  ct>ntained  in  the  pla^sma;  the  lime 
ph*>sphate  c^uiibining  at  the  moment  (if  formalinu  with  fiininngeii,  aitd 
farming  tibiin,  and  no  other  agency  in  the  shufje  of  a  s]»ccial  ferntent 
being  necessary.  This  inference  has  not,  hfm'cver,  been  confirmed  by 
saboequent  observers.  Freuntl  supjiosed  neutral  salts,  peptone,  etr'.,  to 
■etill  preventing  e(*iigulation,  by  kcc]Mng  phosjihate  of  lime  in  srtlutifui. 
Hid  the  w^alls  of  the  Idood  ves.sels  to  art,  in  picM-iitiug  rtiagnlatioii 
because  the  corpuscles  do  not  adhere  to  theUL  1^'rennd  based  bistbenryi 
partly  uf»on  the  fact  that  if  l>lood  is  drawn  from  an  artery  thmngh  a 
tube  sme^ired  with  oil  or  vaselhie  into  a  vessel  similarly  juejiared,  the 
MtM»d  renialDH  fluid  for  a  long  time,  presninalily  beeanse  the  adhesion  of 
the  corpmiicles  to  the  walls  does  not  nt  cur.  Similar  cxiii-rinients  with 
MfKid  kept  surroumleci  by  parailin  uv  uil  were  perlormeil  by  Hayeraft 
with  like  result."* 

Arthus  and  Pages ^  mixed  Idond  as  it  Jlowed  from  the  vi-sseis  with  a 
small  quantity  of  a  aoluble  oxalate*  (0*07-0*1  |»iirtK  pir  100  of  lihiod) 
efficient  to  precipitate^  the  lime  wilts  dissolved  in  the  plasma.  They 
found  that  blood  thus  treated  did  not  coagulate,  liowcver  Inng  it  might 
be  kept/  but  that  coagulability  of  its  plasma  is  inmuMliately  restored  on 
adtling    a    solnlde    lime    siilt,   sucli    as   caleium    ehloride.     Tliey 

Fhftiol.,  Cambridge  and  Loudoti,  1887,  vol.  viii.  |i.  *iliA, 
1890,  voL  xi.  l>.  30i«.  3  \i,,i  Jahrk,  Wtin,  18SS.  S.  2^9, 

Anal,  andriiysiol.^  London,  1888,  p.  172  ;  Jrnvviart  and  U/irlicr,  ibid.,  \k  582. 
4f  phygioL  ffj>rm.  rt  ptUh.,  Pari«,  l.H£H>,  p.  73U  ;  Arthiis,  Tluse  t}o  Paris,  ]f!iil2. 
in*  or  8oap  (O'fi  parts  [>er  100  ol  Idood)  or  nf  .solulilf  lliiondes  (0"2  jwirt*  per  100 
simUarly  to  th<j(He  uf  uxiiUU*. 

.r»t«ii  makes  a  »mjilar  utatonient  ioT  hitn^v'a  liitmdp  Injt  it  is  ctfrUiidy  not 
]  kinds  of  blocxL  Oxalate  plii^Hiita,  obtaiiitid  trum  di»jL,' h  or  shicp  h  V<loml,  does 
piUtion  oil  Ntaudiu)^ ;  coajsjn lability  ia  thiMTfore  not  aboliHheil  l»y  porifiita- 
uc  l>y  oxalate,  but  iiiijrely  deferred.    W'v  shnli  return  tf)  tlii?*  |.oiiit  iiimicdiately. 
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inferred  that  the  pr(  ieiice  of  a  soluble  salt  uf  lime  is  iieeessary  U>  tl 
formation  of  fibrin,  ^  liidi,  aeconling  to  iheni,  in  ]m.n]uced  liy  a  combina- 
tion, under  the  infli  mtfe  of  fibrin  ferment,  ut  a  part  rjf  tlje  tibrinogeii 
with  lime,  the  rema  iider  of  the  fibrinogen — wliich  is  asHumed  to  split 
into  two  parts — fori  iiig  a  globulin  i.'oaguIating  at  64'  C,  (llaiuniarsten's 
fibrino-globulin).^ 

Whilst  it  would  a  Jiiear  from  tbe,SG  researches  that  sulublti  limo  salts  are 
necessary  to  the  form:  ti^ju  of  fibriii,^  it  haa  been  shown  bj  Horne  that  the 
presence  of  a  slight  ex<  ess  i.)f  these  s^lts  and  also  those  of  barium  Jiiid  stnuitium 
will  hinder  or,  in  grett  amount,  entirel}'^  jirovent  its  formation ;  tlieir  action 
being  far  more  marked  in  thiB  respect  than  that  of  other  neutral  salts,  which 
require  to  be  mixed  in  ^^n.^h  rfKoa*^**  inTuifif  ^^i^h  blood  to  prevent  its  co- 
agulation.3     The  reason  m  found  in  the  fact  that  fibrin 

is  soluble  to  some  exten  prtain  strength  (including  salts 

of  calcium,  barium,  and 


Injlucnce  ofnuclco 
Pekelharing  ^  both  ol 
reactions,  and  resemi 
class  of  proteids  the^ 
that  the  ferment  ac 
upon  the  presence  c 


jf ^Mritif/.^— Hallibuilou  *  and 
extract  a  body  giving  proteid 
ai'»  the  glolndin^,  to  wliieh 
B  belonging,**  They  allowed 
aet  is  intiniutely  dependent 
\  euidd  also,  aa  Halliburton 
d^.  Hidliburton  termed  it 
reeogntHed  the  fact  that  the 
bvdin  but  a  nucleo-proteidJ 


showed,  be  obtained  gj' 

cell  globulin ;  subsequentl}  yx 

substance  in   question   was  niru  nk  niie  j_, 

According  to  Pekellhiring,  it  pusHeBsen  the  property  of  eoml lining  with 
lime,  which  it  does  nut  yield  to  distilled  water  by  dialyyiH,  nor  is  tiie 
condjination  broken  up  by  Hululdc  oxalates,  althuugh  the«e,  if  present 
from  the  first,  may  prevent  the  originrd  eondnnation.  The  allRnnoBe  in 
commercial  peptone  also  preveuthi  iiucli  euuibinaUon,  ttie  albumoae  it&elf 
combining  with  the  lime  salts  present  ;^  if  tlie^e  are  in  exeesH,  *'  peptone" 
does  not  prevent  coagulation  from  taking  plsice.  The  lime  enmbination 
of  nucleo-proteid  is,  af'cording  to  Pekelharing,  the  ImmIv  wbieb  has  been 
known  as  filnin  fermmt  (tin  <ind  tin  J,  It  can  be  lorme<l  wui  \ni\y  from 
tlie  nucleo-])n)teids  cunlaiiunl  in  plasma  uv  Heruni,  but  alwo  fnmi  nueleo- 
proteids    in    tlie    cells   of    the   iliynuis,  testicle,  and    other   glands,  by 

^  Aitlnis  and  Pages  foimtl  tlmt  J^tioiitiiMn  criij  rei»lrt!;c  Mnw  \\i  this  leActwu,  but  tb*t 
l>aiiinii  and  magnesium  cuiiiiot.  Ringer  mid  Sntiiabmy  bare,  liuwever,  ^howii  tliat  Imniuii 
may  take  tlie  j)lat;e  of  limi'  iti  prumotinj^' coagaIiitioii»  tiItliuii;jU  it  is  lej^s  |KmeT'ful  (Jbtim, 
Physio/.,  Cambridge  and  Lnndfju,  ISUO.  vul.  xL  p.  369).  Tliey  also  found  tliat  the  SAlts*  of 
sodium  and  ])otassium  act  aiiU^onistically  tu  t!iu!*t*  of  lime,  baViuni,  ftud  ,stioiitnim. 

-  A.  Schmidt,  even  in  ht?i  ]n.st  eomjiin nidation  n]mu  the  suhJMt^t  (*'  Wtiit**i'e  Beltr.  Jf« 
lUutlelue,"  Wiesljaden,  \^''i*'i),  rhmlvd  n\h%vi\ii3V  thut  Uiiif  ^i]U  liftvfi  uuy  ajKieirte  acrtion 
or  dilhred  from  other  neuli  ;d  stilts  titid  eou&idored  that  tlie  additian  of  a  solubk  oxaktc  to 
hhjod  aets  eitlier  by  prevejiliiig  tht^  loriiidtiuij  of  Hbriu  feniiL-ut  or  by  hmdermg  the  ftetion 
of  brment.  if  jaesent.  on  lihruHigeiK  Cil,  how'flver,  Ardiujt,  Ardt.  de  phyftm,  fUfrnt,  c* 
2>(iili.,  I'aris,  1806,  and  H.immai.sten,  loc.  cif. 

'•'  Joiirn.  /^Iinsio/.,  Cambridge  and  Loncbjn,  lb9«),  vol.  xix.  p.  3r)t).  Wright  also  noticed 
the  fait  that  e(»nsi<lLialile  excess  of  caleinm  added  to  oxalate  blood  prevents  coagulatiou, 
Journ.  Path,  and  BdchrioL,  Kdin.  and  London,  ISIKj,  vol,  i.  ji.  434. 

•*  I'ror.  Pnij.  Soc.  London,  1SS8,  vol.  xliv.  ]>.  -if.:.. 

•'•  J'Vsfsr/ir.^  HvJolj  I'uxhoir,  Heilin,  1891,  S.  4'.'>r>. 

'•  Lilienfcld  has  recently  rci)eate(l  tliis  error,  Zhrhr.  f.  pjiiisiol.  Chevi.,  Strasshiirg, 
lid.  XX. 

^Pekelharing,  "  Untersnch.  li.  d.  Fibrin-ferment,"  Amsterdam,  1892;  Halliburton, 
Jui/rn.  PJti/sioL,  Camltridge  an<l  London,  189r),  vol.  xviii.  p.  312. 

^Pekelharing.  Cf..  howciver,  C.  J.  Martin,  "Venom  of  Anstralian  Blaek  Snake," 
pj>.  3^3-40,  Juuru.  ami  J'roc.  Jioy.  Soc.  Xtiv  Soitth  Wolts,  Sydney,  July  3,  1895. 
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these  with  calcioiii  chloride,  the  exeew-s  of  ciilcimu  snlt  l)ciiig 
ifterwards  «lial\^ed  oft",  rektilharing  wupjiuseM  that  tlie  ferment  action 
eousitsta  m  the  transference  of  lime  from  itn  iiudeu-]»ruteid  conibinatioii 
to  fibrinogen,  the  hme-compoimd  of  this  Immg  the  iuHohible  fibrin,^  and 
that  if  there  is  more  hme  -s^dt  in  the  wtdution  the  nucleo-proteid  can 
reeombine  with  lime,  and  thus  Itefonio  reconstituted  aB  an  ugent  for  the 
conversion  of  filirinogen  into  tilain.  As  already  ]iointed  out  (p.  16(5), 
however,  it  is  not  possible  to  accept  thiw  tlieory  in  view  nf  the  uiialysea 
of  fibrin  and  tibrinogen  given  by  Hammarsten.  rekelharing  lias  hinKself 
shown  that  even  in  the  entire  absenee  of  free  lime  salts,  or  in  the 
presenoe  of  sohd>le  oxalates,  the  transfonnation  of  fdirinogBn  into  filtrin 
may  be  prodneed,  pro%dded  that  the  ferineat  is  ]ires(^nt.'  11ns  has  also 
been  shown  to  l>e  the  case  by  A.  Sclimidt^  and  l>y  myself,^  and  more 
recently  in  a  series  of  carefully  eondvieted  ex  peri  men  ts  by  IhnunmrsterL 
Hammarsten  precipitated  Hbrinogen  by  oxalated  solution  of  Halt,  and, 
after  purifying  it  by  relocated  re-solntion  and  re-] treeipitation,  added  to 
itfl  solution  a  fibrin  ferment  ohtained  from  oxalated  serum,  and  obtained 
as  the  result  a  t}7>ical  fibriu.^ 

Exception  has  been  taken  to  tlie  inference  diiiwa  by  Pekelhariu^  thiit 
Schmidt's  ferment  is  a  eompnund  of  nuclei i-prottiitl  ami  huie,  on  the  gruund 
lliAt  the  ferment  rontained  in  8t"lnaidt*s  extmcl  ditfers  frtaii  nut'lijo-jiroUatls 
III  the  effect  of  alcohol  upon  it«  ^olubiHty  \\\  water,  and  in  thf  fact  that 
nacieo-proteids  cause  coagulation  in  intrnvuscular  plasma,  whirli  Srlnnidt's 
cxSnct  does  not,  wherea-s  the  latter  causes  tGagulatiim  iu  extravasruiiLr  (salted) 
pliama,  and  nucleo-proteids  do  not.''  The  <hf1V'renfcs  may,  however,  flepend, 
in  pari  at  leasts  upon  the  ralative  amounts  of  nurloo-|>njtcid  an<1  lime.  Tliu?^ 
in  Schmidt \s  extract  the  amount  of  nuc:leo  prutc  id  is  f^juall  and  tin*  amount  (►f 
iiniii  large  ;  in  extracts  of  thyrau.s  and  the  like  the  annnnit  of  niuleo-proteid 
iiUrgc  and  the  amount  of  lime  small.  In  part  also  they  depend  upon  other 
dieumsiances,  such  as  the  influence  of  the  mji^niesium  sul|ihate  of  the  ^^alted 
pluma  in  antagonising  the  effect  kA  lime.''' 

The  origin  of  the  nueleo-proteid  of  [>lasma  and  serum  is  ]>rol>ahly  the  white 
OOffpascle^.  It  would  appear  that  many  <d  the  latter  cli^inn  t^rate  sifter  removal 
of  blood  from  the  body.  GiirWr'*  found  that  in  coa^Milated  blood  tlie  number 
of  white  corpuscles  wjis  reduced  to  onedndf,  tlie  dilierentr  bein^;  eliielly  in  the 
namber  of  polynuelear  celK  This  di>a|4:K'aranri'  lias  jiot,  htavL-ver,  been 
found  by  all  observers,  and  is  not  fully  aihniUed.  Xeverlhel«'.'<s,  witliout 
actually  disintegrating,  the  white  coriajscles  may  slo'd  rait  or  seerete  nucleo- 
pcoteid  into  the  plasma.     This  may  occur  normally  in  mere  traces,  but  on  with- 

'  Ctmifulbt,/,  Physioi,,  Leipzig  u.  Wmu  l^t'fi,  N.i.  3. 

'  It  would  an|>eAr  tliiit  a  soJultle  oxdate  does  not  tlirou  ilnwit  hI]  tln^  liiiiu  froiii  a  proteid- 
enbUlning'  fluiri,  ami  that  a  tra^c  of  Unte  is  still  Ih^'M  iu  jsohiHuM  so  tli.it  an  ii\aliit<^  phisnin 
11  not  linitf-frce,  as  wus  SiiipjM>setl  Ky  Artlnis  and  ^ilJ^^'^«.  Tin**  in  uf]t  iliuslrnl^'d  I'ly  an 
«lacrrs|iofl  by  Kinger  upon  the  froi^8  he««rt,  who  liudM  that  a  nonoiil  saliin*  hiihuion, 
to  which  a  little  CuCU  nas  liccii  added»  will  cxld^it  the  [»liysiolujj;ii-al  illWt  o(  limn, 
fffOl  alter  the  addition  to  the  Jlnid  of  a  nli^ht  fXt-e.sH  of  ;i  solnMc  nxjihito.  It  njay  hv 
frojji  tliis  that  a.  trace  of  lime  may  W  ht^d  iu  ^solntiun  i-vin  in  a  Ihiid  dtslitute  of 

ere  Beitr.  z,  Blutlehrc/'  Wieflbaden,  li<di>. 
Phimoi.    Soc*f    Jmim.    Physiol. ^    Caoibridgn    and    T.nTidnn,    1  "^1*5,    voL     xvii. 

phygioi,  Uhem,^  8tni8shnrg,  IkL  xxii. 

>tiaud  IJrtRlie,  ,Awrn.  r/nfmoL,  CiuiilrrttlgH  in-]  Lrnnhtn,  IMM,  voL  xvii,  p,  li:j, 
iig,  CentTiffhl.f,  Hiy9wi,^lm\}z\^\\.  Wiun,  1S9S,  lid.  ix.  S.  102.     llftHiberlcni 

>er  (./vwrn.  F'^ft tfjiioL ,  Canihrklge  and  L'^udnTi,   1^11^',  vol  xviii.)  conies  to  a. 

ion,   natuely,  that  Setiniidt'a  Hhriii  ferment  is  a  weak  snlution  tif  nudco- 
»<>duces  WrMildridgf 'fl  negativr  ]>hftse  when  intravi  nonsly  iiije*  tsiL 
.  d,  phys.'fnfd.  (resclhch.  zu  H'lirzhur'j^  1892,  No.  »]. 
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drawal  from  the  bo(i>  in  lurger  amount.  It  \^  notewurtliy  in  thi.s  coiuicf^tion 
that  certain  font  is  of  lyniph,  such  as  the  aqiieous  humtniTj  which  contain  no 
cells,  contain  also  no  ,  ncleo-proteidj  and  are  only  coagulable  on  the  itdditioii  uf 
nucleo-proteid. 

Theory  of  JAlmifeld. — Lilit;iiield/  like  ^irthus^  and  Pekelhai  ingj  con- 
siders that  fibrin  is  formed  by  a  oonibination  of  fibrinogen  with  lime,  any 
soluble  lime  siilt  being  eqnally  eftbetiial  to  prodtice  the  ci)nibinatioiL 
Lilienfeld  diffenH,  however,  from  them  m  denyijig  the  necemty  for  th© 
intervention  of  a  ferment  in  the  ordinary  sense  of  the  word.  He  confiiders 
that  what  the  [Uieleo-proteid  elleets  is  not  the  eonihination  of  fibrinogen 
with  lime,  but  a  transformation  or  BTdittinH  of  the  tibriiiogen  into  a  sub- 


stance which  ln^  terms ' 
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1  lilniii.  Tfit*  nucleu'prrjteid 
I  of  the  acid  qiuilities  of  the 
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jdtbuiigli  ilie  latter  are  nec-eesary 


for  the  format!  I  >n  of  the  caBeni  ..*,..  v  y.^^^e  y,  135). 

I  have  elsewhere  nhown  -  that  this  tlieory  in  untenable ;  UiV  a  eolution 
of  fibrinogen  in  dilute  salt  aolutiun,  jirepioeil  hy  Hamniarsten't;  method, 
will,  if  suihcienll)  strong,  eoiigulate,  on  tlie  addition  itf  ealeiuni  chloride, 
equally  well  with  a  .solution  of  tlie  act'tie  ficui  precipitate— the  J40<alk\l 
thrombosin — all  bough  i^ouiewliai  less  mpidly.^  The  dillbrenee  iii  rapidity 
depends,  no  dnnlit,  n|K:ni  the  fact  thstt  t^odium  t?liloride  iji  a  eertaiu 
amount  retards  tfu*  frjrmation  of  the  ehjt,  wv  even  may  prevent  it 
altogetlier.  Tliis,  w^  HaniniaiKten  ba^  [Hiinted  out,  i»  the  reason  why 
Lilienfehl  o])tjiined  no  coagulimi  \n\  i\w  adtlition  of  ealciinii  chloride 
to  his  fibrinc^L^en  t^olution,  allliough  Ik*  got  a  eoaguluni  with  hi^ 
so-e<illed  thromlMisin  8ohitron,  for  the  former  wa.H  diiisolved  hy  aid 
of  sodium  cliluride,  and  the  latter  by  dilute  alkali.  As  already 
stated,^  Hamnmrsten  holds  that  in  neither  mse  is  the  coagulum  pro- 
duced a  true  Hhrin,  Init  in  l>oth  ease,s  it  is  a  fibrin-like  eomlunatioii 
of  fibrinogen  with  brne.  The  julhienee  of  nucleo-proteid  is,  howeveri 
not  eliminated;'  for,  as  Ijas  bee!i  alre^idy  insisted  on,  fdninogen  pre- 
])ared  l)y  iranniiarsten  s  niethoil  ulways  ronUiins  some  nucleo-proteid. 
Tills  is  {'lear  b«ttli  from  my  own  ex]>erinjents  and  from  the  analyses 
of  Lilienfeld,  who  ijideed — lait  as  it  wtmld  appi^ar  witliout  sufVicient 
cause — sup[)oses  fibrinogen  itself  to  be  a  nucleo-proteid.  The  amount 
of  nucleiii  or  pliosphorus  which  can  be  (»])tuined  from  it  cert^amly  does 
not   wairant  tlie  assum[)tion ;  nevertheless  there  is   always   a   distinct 

>  Zfsclrr. /.  phj/sioL  Clem..  S  trass]. iirg,  189'),  Bd.  xx. 

-  l*roc.  J'lti/sioL  Sor.,  Journ.  J'lti/sioL,  Cambridge  and  London,  1895,  vol.  xvii. 
p.  xviii. 

^  Cf.  Cramer,  ZlscJrr.  f.  phjfsiol.  Chem.,  Stmssburg,  1897,  hd.  xxiii.  S.  74,  who  has 
fully  contirmed  tlio  (.•(inclusion  that  tlie  so-called  "  thrombosin  ''  is  merely  tibrinogen. 

**  See  note  '>.  v.  IGT*. 
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residite  after  gfistric  liigestiuii  of  ity  snlutioUj  showing  tliat  it  at  least, 
as  above  stated,  contains  srnne  miclfo-proteid.  I'robably  this  is  an 
accidental  con tomi nation. 

Profl action  of  iniravaMular  comfulufiufi  of  blood  and  of  uncomfitiabie 
hhod, — It  was  discovered  by  Edelberg^  that  intravenous  injection  of 
Schmidt's  fibrin  ferment  may  produre  thrombosis  in  the  vena-  cavie, 
the  right  side  of  tlie  heart,  and  the  pub  nonary  arteiieB.  Foa  and 
PeDacani  *  slKiwed  t!iat  the  same  will  ocfur  with  extraets  of  various 
ofj^ms.  The  &ime  fact  wan  independently  notieed  hy  \Vooldri(i^e,^ 
who  found  that  a  Bulmtanee  or  substances  obtainable  from  saline  extmct 
of  Irmphatie  glands,  thynms,  testicle,  a)ul  other  glandular  organs,  tend  to 
produce,  when  injected  rapidly  in  sutticient  amount  into  the  veins  of 
immal^,  instant  coagnktion  nf  tiie  blood  whilst  still  within  tlie  bluiMj 
Tesaela  On  the  other  hand,  if  injecteti  more  slitwly,  or  in  insnlheieiit 
amount  to  produce  intmvascalar  coagulation,  the  couguljihility  of  the 
blood  in  vitro  becomes  abolislied  ;  this  condition  was  termed  by  Wocd- 
dndge  the  **  negative  phase/'  When  the  negtitive  phase  is  once  oi>tained, 
%  very  larije  di>se  of  the  material  fails  to  produce  itdra\^ascular  clotlbig> 
Wooldrid^re  gave  t!ie  name  **  tissue  fibrinogens  *'  to  tlie  substances  thus 
eitract^l,  and  nujre  extended  knowledge  has  led  to  the  geuenil  recog- 
nition of  the  fact  that  they  belong  to  tlie  class  of  nucleo-albundns  or 
nucleo-pw*teids.  The  coagulation  wlieu  it  rjceurs  is  fomub  first,  in  the 
pjftal  veufiua  system  ;  then  in  the  general  venous  systeui,  and  jndnuniary 
arteries  and  in  the  right  aide  of  tlie  heart ;  and  finally,  when  t!ie  etlect 
»  most  pron<;»nneed,  in  the  general  arteriid  system:  but  rarely  in  the 
pulmonary  veins.  Its  occurrence  is  assisted  hy  an  excess  of  COo  in  the 
blo<jd,^  Albino  rabbits  and  the  Norway  bnre  in  its  albino  condition  are 
immune  to  these  effects  (Fickering). 

It  has  been  supposed  by  LilienfcM'^  that  this  aetitai  of  the  nncleo- 
pToteid  in  eauaing  coagulation  is  due  to  the  nuchi'in  or  nm'leit*  acid 
which  it  c<intains,  and  that,  wlien  the  negative  phase  is  olitained.  this 
result  is  due  to  the  action  of  tlie  pr<>tcid  part  of  the  molecule  of 
nucleo-proteid  in  preventing  coaguUdion.  Tins  Iiy|>othesis  is  rendered 
improbable  by  the  nbaervatiuns  of  Halhbintiui  joiil  Tifkering.^  who 
found  that  intravascular  coagulation  can  be  readily  <>btaiiied  in  rabbits 
by  intrsvenouK  injection  of  artihcinl  colloids  (containing  no  nucleic 
acid).^  These  colloids  likewise  yiebl  tlie  negative  iihase  (retardation  of 
ooagulation )» if  injectet?  in  quantity  insuflieicut  In  ]*rnduci»  co;igubrtitui ; 
and,  as  with  solution  of  nucleo-pioteids,  they  arc  witluail  action  upon 
albino  rabbits.  Xevertlieless,  like  solutions  of  nucleo-protcid,  tfiey 
hasten  the  coagulation  of  the  bl<HHl  of  other  animals,  if  mixed  with  it 
tn  riiro.     These  observers  also  found  tliat  the   retarding   infiuenco  of 

'  Jreh,/,  exper,  Pa/h.  n.  PharitmkoL,  Leipzig,  188t",  B'l.  xii.  H.  283. 

'  Biv.  din,  dL  Bofo^fui,  ISSO,  p.  241. 

*  Proc  lion,  Soe.  Lomhm,  1SS6,     Sfio  also  *'Dip  iMrijinunL;  ^U .h  JJluU-s,"  T^eipzig,  1891. 

"^     •*  'J^,  Anh.f.  Phi/fiol.,  l^-ipzi«,',  188S. 

>^ai^  Journ.  PA1/W0/.,  Cambridge  am  1  Lcnirlou,  vnL  \i\.  ^  Loc  nf, 

■»,  Physiol,^  Cambridge  and  London,  181)5,  vol.  xviii.  \\\k  51  anrl  285  ;  rickering^ 
U  Sec,  Lmuion,  1896,  Vol.  Ix.  i>.  337. 

artificial  colloids  investigated  were  yireparrd  by  Orininux^K  rnelbodii  {f*mnpt,  mid, 

inof,,  Paris»  1851.  tome  xciii.  p.   771;    1884,  xrviu.  pp.  105,   11^4.  ami  1578). 

emical  proi>ertie»  and  niodu  of  preparation  h&\e  aliT.idv  \»'vxi  tle,Heribed  by  Profe,ssor 

a  in  a  previous  article i|",  36).     It  in  iHD.Hsildi^  tliat   tbi\y  may  .ir  t^  not  dirLnily, 

Ling  free  nucleo-prot^id  fiom   tin'   wliUe  i urpuiides.      Thttt  wdutions  do  not, 

GftOfie  disintegration  either  of   the    i*<'d  or  uliitr   corimsides,   iinr  any  apparriit 

the  epithcdinm  of  tU<!  vessels. 
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intravascular  injec  ms  of  soap,  peptnne,  and  potasHiitm  oxalate  on  the 
coagulation  of  blooci  iw  antagonists  I  by  ]irevjnus  intravai?cnlar  iiijecLion  of 
the  colloid.  The  i\  ition  of  fche  eoUnidH  in  promoting  ejoa^nilation  ig 
assisted,  like  that  A  nuclen-proteid,  l»y  acemiiulation  of  CO^  in  the 
blood.  The  same  et  ectn  are  produceti  by  snake  venonij^  whith  contains 
no  nucleo-proteid,  ai  il  the  active  pritunplea  of  which  crmRiJit  of  alhimioBes, 
This  produces,  althc^  icrb  in  far  laore  niitiute  doRew,  eftecta  which  are  in 
every  way  comparn  ile  with  thn.se  produced  liy  Woolrh^idge'M  ''  tissue 
fibrinogen."  In  doB  s  of  0-00001  to  00000 2  grin.  ]>er  kilf»g.  body  weight, 
the  venom  of  the  Anstrahan  Idaick  miakc  {PscitdtT/tii  porphifrkirM)  eauseB 
the  blood,  after  a  Lirief  interval  of  increased  coagohibihty  (pjsitive 
phase),  to  lose  its  tendency  to  clot  {negative  phaae),  and  much  larger 


doses  of  the  poLson  wil 
hand,  moderate   and 
produce   instantaneuUJ 
which  has  not  unde 
incoagidable  in  mtro, 
to  the  phenomena  pn 
Solutions  of  certa! 
acid,  arsenic,-  glyceiif 
into  the  circulation  t 
these  all  require  ()ck 
blood   corpuscles,  the 
corpuscles  contain,  ho  tliat  ^ 


IB 


c^wgidabihty.  On  the  other 
um  0*0001  grin,  ]H?r  kilog,) 
!  vessels.  Rut  any  bl^iod 
'  cfjagulation  is  frnind  la  be 
here  is  an  exart  reseiiddauce 
ih  an<l  liy  artificial  colloids, 
itanees,  such  as  ether,  taimie 
e  also  found  wben  injec^ted 
Vml,  In  produce  the  etfect, 
wtiise  diHintegi'ation  of  the 
!  nuelco'proteids  wlneli  the 
^ibably  a  secondary  one-  It 
te  in  thifl  way,*  fiince  it  dof*« 


is  possible  that  snake  venom  m*i.^r  nx^^y  opt 

produce  to  a  certain  extent  hih-Ii  di^integiTition,  but  the  rapidity  of  the 

production  of  the  intravascular  clotting,  and  the  small  atn^umt  of  mich 

disintegration    whirii    normally    octrurR,   rentier    such    an    explanatioti 

improbable. 

Peptoiw  'plmina. — JlvHeftrchn^  uf  Wo(ihlrhhjf\ — Other  siibstaiices,  8uch 
as  commercial  peptniie,  the  action  nf  whicli  is  due  to  the  albumoses  which 
it  contains,  and  leech  i.'xtract,  produce  a  diininutiou  or  Io^^b  of  coagulability 
when  injoeted  into  tlio  tilood  vessels,  without,  in  any  il(»se,  tending  to  cause 
intra vascidar  coagnlation.  The  incoagulable  blood  or  plasma  obtained 
by  their  employment  rcseml>lef^  viuy  closely  tliat  obtained  in  the  negative 
phase,  ])roduced  bj'  Wooldridge's  tissue  iibrinogen,  l»y  colloid?*  and  by 
snake  venom.     Peptone  plasma  can  be  made  to  coagulate  by 

1.  Addition  of  lyni]ih  cells. 

'1.  Addition  of  nucleO'in'oteids. 

?K  Additirni  of  calcium  chloride. 

4.  DilutiMU  witli  water,  or  0*5  per  cent,  salt  solution. 

5.  A  stream  of  (.-O^^. 

6.  Neutral isatitin  with  arctic  acid < 


I 


But  if  an  excess  of  tlie  reagents  employed  to  prevent  coagulation 
(or   to    ])r(»(lucc    the    negative    i)hase),   whether    peptones    or    slowly 

'  (\  J.  Maitin,  Junni.  VhijMoL,  Camhridge  and  London,  1893,  vol.  xv.  p.  380  ;  and 
Jour II.  II ml  Pror.  Roij.  Soc.  Arw  South  Wales,  Sydney,  July  3,  1895.  These  jiapers  contain 
full  rcfeivnccs  to  the  ]ireviouH  literature  of  the  subject. 

'^  Tlie  administration  of  arsenic  and  ])hosphoriis  by  the  mouth  diminishcH  the  coagulability 
of  the  Idood  (cf.  VAvy  and  Pachon,  Arch,  de pht/sioL  norm,  ct  path.,  Paris,  1896,  p.  716). 

^SiH.ennann,  ]'irchou's  Archiv,  18S9,  Bd.  cxvii.  8.  288. 

•*  {).  J.  Martin,  op.  rif.,  Joiirn.  and  Proc.  Rotj.  Soc.  Nrir  South  JFalcs,  Sydney,  pp.  45-47 
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jdministered  nucleo-proteiflH  or  Briakt*  venom  be  ernijloyed,  tlien  tliese 
additious  Ai  not  prodiire  i'<ia^ulatii»iK^  In  \'w\\  of  the  faet  tliat 
calcium  ehloriile  will  Tint,  uiMler  tlie.se  eireuiiiHtaiiecs,  prnihiee  euugula- 
\i(m,  the  hypothesis  (*f  Freimil  and  l*ekelharin^,  that  "  peptones " 
ilrprive  blood  of  its  eoaj^iilalnlity  by  cMjnilaning  with  its  cjileiiun  Halts, 
hsm  prrjbability. 

Peptone  injected  intmvenouHly  nipiJly  disappears  from  the  blood,-  The 
iciioii  of  peptone  differs  from  that  of  lei-^ch  extract^  in  that  a  second  dose, 
^Ten  soon  after  the  actifm  of  tlie  fii-st  do.se  bus  pasned  off,  fails  t^i  product'  an 
efe<^  on  coa^olability.  Moreover,  the  Mood  of  a  "  p</pt<inised  '*  dupj  ronft-rs 
aamunity  from  the  action  of  peptone,  if  inJLcted  intra vpni»nsly  intii  a  siMond 
inimaL^ 

Tlie  properties  of  i>ept<3ne  pkania,  and  tlie  oHeetH  of  h^neoeytew  and 
their  saline  extracts  n]>on  the  coa^dability  <>f  Idnod,  were  earL*fully 
siudieti  by  Wooldi id^'e.  This  observer  fmnnl,  as  already  state<h  tJiat  if 
pejitijne  plasma  be  kept  for  a  time  at  0''  a  pre(^i]atate  forms,  which  takes 
the  form,  under  tlie  mieroi5eo|K.%  of  minute  dLneoid  particles,  Edtimst  exactly 
Btmil&r  Uy  bltM>d  platelets.  The  BuliHtanee  thus  ]aeeipita.ted  was  termed 
*A-librinogen'M>y  Wuiddridge,  whik*  lie  nanuHl  the  substance  ]a'eci]iit- 
able  by  half-Baturation  with  NatH  '*  H-Hhrino;^fen  " ;  this  is  the  same 
thing  AS  fibrinogen  as  uriliiiarily  und(*r,s too d.  After  the  remcival  of  the 
A-fibrinogen,  the  coagulaVnlity  of  peptone  plasuja  by  CO.  and  uther 
wmdition.H  is  greatly  diniinisheil  or  altogether  lost,  but  is  restored  on 
diasoliriiig  the  A-tibrinogeu  again  witlj  the  aid  fjf  warmth. 

Wooldiidge'.*?  A-fihrinogen  is  also  nhtainable,  a.s  Wright  lias  Jshown,  by 
cooling  oxalate  plasma,  ami  it  is  probably  composed  mainly,  if  not  entirely, 
of  micleo^proteid.  It  has  been  Bhown  by  HamniJirstcn  tliat  if  by  j>rolonged 
oooting  and  filtration  it  is  removed  as  nmch  as  possiltle  from  oxalated  [>]asma, 
tie  plasma  will  not  coagnlnte  on  tlie  addition  of  snifitient  lime  salts  to  mi>re 
than  balance  the  excess  of  oxalic  acid,  but  that,  if  tlie  jireripitate  he  roHocled 
and  treated  with  Hme  salts,  it  f\irnishes,  on  subsr  qnently  removing  the 
lime  by  oxalate*  a  p<D\verful  fhffmihin  or  tihriii  Jernjpiit,  Ilninmarsten 
•ccofdingly  terms  the  snhstance  in  question,  wlii<-h  is  precipitated  l>y  etjM 
from  plasma,  ffrofhromhin^  and  considers  tljtit  it  ran  only  be  eonverteil  into 
tlirombin  by  the  action  upon  it  of  lime  salts.  Fekelhnriiig  regards  the 
pceeipitate  in  question  as  comp<jsed  uf  nucleo-prfiteid,  and  considers  that  the 
time  acts  by  combining  with  it  to  form  fibrin  ferment. 

The  addition  of  hinph  cells  (washed  with  DC  per  cent.  NaCl  s<diition) 
to  peptone  plasma  Ciiuses  its  coagulation  outside  the  bfMly,  and  also  acceler- 
ate the  coagulation  of  ordinary  blood  in  nfro,  wliereas  the  intravenous 
injection  of  salt  solution  holding  these  waslieil  lymph  cfdis  in  Kiispension 
prc»duce«  an  ineoag\dal>le  cf»inlition  (m-gativc  phase)  of  bhtod,  which 
dues*  not  then  eoagulate,  evcm  on  withilrawal.  But  on  addition  (>f  sitme 
nf  tbia  fluid,  holding  cells  in  suspension,  to  such  !)!<mm1  after  withilrawal, 
I  ion  is  rapidly  produced.     The  loss  of  coagulability  of  pe]itone 

^^^^H      '  not  due,  as  was  Ru]TpoHed  by  A,  Schmidt,  \.u  the  disa])]iearance 
^^^^H        3gration  of  leucocytes,  for,  as  Wooldridge  showed.  i!ie  additirai 

^^^^^H  Martin,  OfK  HLf  pp»  35-40.     Atronhii^  hi  Dastre  mid  Flor<^!im,  tlie  elu*^f  emist-  of 

^^^^^H  "Migulation  in  [>eptotie  plasma  h  it.s  liij^li  filkalinitv  (.7/vA.  ff*-  jjiimof.  ponn.  t^t 

^^^H  .897.  p.  tU), 

^^^^^^  MulliC'iiii,  Ific.  cU. 

^^^K  «^c«»ii,  Arch,  d€ phyiiol,  jwrtn.  ef  path.^  Vml*,  ]>^9r>. 
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of  leucocytr^s  to  trie  jirciilatiiig  blond  iloes  not  iiiciease  its  eckagulabiUt}', 
but  the  contrary ;  auil,  iiiurenver,  peptone  plaama  contains  many 
leucocytes.^  These  several  faets  were  explained  by  ^\'ool(iridge  by 
the  suppo-^itiaii  thi  t  coflgulation  is  produced  or  preventeil  in  the 
absence  of  leucno'tes  by  the  action  of  one  8ul.JHtjnice  in  the  pkj^iiia  iijfon 
another,  or  in  th^  pi-eBenetj  of  leucocytesi  by  the  actifjn  of  a  substance 
within  the  pliiisnia  i  tpon  these  eells,  or  material  yielded  by  thern ;  the 
kind  of  interaction  being  different  under  different  ebcunifitances,  and 
producing,  respectively,  the  jihat^e  of  incoagulrdjility  or  eoa^ailafiou 
(negative  or  |HiHitive  phase)  ai^^or<liug  to  such  circnaietances.  All  Mutrli 
substances^  whieh  by  their  interaetioii  tended  to  produce  tibrin,  \vt*i'e 
termed  by  AVnnldridge '' Hbriuogens  " :  but  tlie  progress  of  research  lias 

since  rendered  it  pro^    '*      ^       ' e's  *' A-tibrinogen "  obtained 

from  plasnia,  his  **8ei  jied    from  dogs  serum,  and 

the  "  tissue  fiitrinoget  ?d    frum  various   oi'gans,  all 

owe  their  aetiou  to  th  j  lliey  ermtain.     TrauBlating, 

then,  the    ]>hrasenl(*f  ildridgej  tlie    alterationB    in 

blood  plasitja,  wliich  "  eonditions  above  nutieed,  are 

due  to  the  interactioi,  d  hl>riuogen.     And  it  would 

appear  that,  wlien  in  tcleo-proteida  are  |>resent  in 

relatively  j^niall   amr  lee   is   the  result:    when  in 

large    amount,  the  that,  wliea    ailded    U^   the 

circulating  blond,  Inui  airiie  of  tlieir  nuelpu-]uoteid   tii 

plasma,  and  b<'uee  a  ne.gin  5   the  reisult;    but,  on  the  otiier 

hand,  when  added  to  plasma  p,,  -.,.',  a  larger  amount  ia  yieldfHl,  and 
coagulation  ]  esult^.  A  reujarkable  oh.servatjon,  and  ruie  very  dittieult  tci 
explain,  is  tbe  fact  that,  it'  the  negative  phase  is  onee  established  by  the 
intra vascubir  iujeetiun  of  ft  small  amount  rjf  nueleo-proteid,  artiticial 
colloid,  or  snake  venom,  a  large  exce8.s  of  the  s*ime  will  then  not  only 
fail  to  produce  the  jiositive  phase,  but  will  even  strengtlien  the  negative 
phase.  It  is,  therefore,  faily  the  initial  chnugp  wtddi  is  influenced  by 
the  relative  amouut}^  of  interacting  material ;  and, Mheu  on(*e  this  change 
is  establislied,  it  doeB  not  agnin  bet  ome  Uioditied. 

Wr\(jhfi<  ixp*rimi'ftt>i. — Woitldridge  furtlier  found  tliat  under  some  eir- 
eumstaneestlie  amount  of  iibiin  pruduced  wus  dependent  upon  the  amoimt 
of  tissue  W 1  nhii tgen  i a-  A -tihrin^ tgeu  (nuelpo-pi'< iteid ) added  to  plasma.  He 
therefore  cume  to  the  eoncliision,  shite  the  extent  of  aetiou  was  not  in  all 
eases  indeju-ndent  of  the  amount  of  these  sulistanees,  that  the  action  could 
not  be  lo(fked  upon  iis  that  of  a  ferment,  although  under  some  eir- 
eiimstances  the  extent  of  action  did  sip]ieiir  to  be  inde|jendent  of  the 
amount  of  thi^se  sabstanceE-  Wooldridge  ollered  no  explanation  of  tlie 
diflerent  ellWts  nlitained  with  large  and  small  dot^es  respectively,  Ids 
work  u)M>u  the  subject  having  been  cut  short  by  his  uniiiiiL'ly  dciitk 
It  has,  however,  l)een  conthuied  on  the  same  lines  by  Wright,^  who, 
whilst  conlirming  most  of  Wooldridge  s  observations,  has  added 
materially  to  om-  knowledge  of  tlie  conditions  under  which  "tissue 
fil)rin(»gen  "  «n- nucleo-proteids  produce  the  negative  and  positive  phase 
of  coagulal)ility.     Wright  states  that  the  extracts  of  glands  containing 

'  Wriglit  found,  li(nv«;ver,  tliat  the  lumiluir  of  leucocytes  in  peptone  blood  was  extremely 
reduced,  niucli  more  so  tlian  is  the  case  in  oxalate  or  magnesium-sulphate  blood,  and  that 
it  contains  a  corresjKjndinglv  larger  amount  of  nucleo-all)umins,  Proc.  Jioij.  Soc.  London^ 
10th   Feb.  1893. 

-'  7Vr>c.  limj.  Irish  Acud.,  Dublin,  18!»1,  3r<l  series,  vol,  ii.  p.  117. 
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substances  readily  }"ield,  under  the  iidlueiice  vtf  cerUiii  reagents 
fsd  conditions,  a  body  or  bodies  giving  allmraose  reactions ;  and  he  finvls 
that  such  a  body  is  also  present  in  the  blood  after  their  injeetion,  anil 
mpidly  appears  in  the  nriiie.^  Wright  consideis  it  prol >a hie,  tliere fore, 
that  the  contrary  effects  of  large  and  rapid,  or  Bmall  ami  gradual, 
admimfitration  of  these  extracts  is  due  in  the  one  case  to  the  immediate 
action  of  the  nucleo-proteids  in  efleeting  tlic  conversion  of  the  Hljrinogen 
into  fibrin  before  there  fias  Ix^en  time  fur  tlie  furmatitm  «>f  alhumose; 
and  in  the  other  ca^e,  where  there  lias  Ijeen  trme  Uiv  yueh  formation,  to 
the  action  of  the  albiunose  thns  formed  in  preveiding  coagulation  (as 
in  the  case  of  directly  injecting  albmnose  into  tlie  IjIoikI  vessels).  If 
mj  albumose  is  formed,  the  action  of  this  would,  by  dela}ing  eoagula- 
tba,  give  time  for  the  formation  of  more,  when  a  second  dose  of 
Eodeo-proteids  is  injected.  Hence,  a  dose  of  nucleo-proteid,  wdiich  would, 
if  administered  rapidly,  produce  instantiineous  eojigulatinn  tln-oughmit 
ttie  vascular  system,  may,  if  adndnistered  gradually,  tend  allngether  to 
pRnrent  coagulation.  But,  as  Halliburton  points  out,  the  explanatinu  of 
the  action  of  "jicptone"  hi  producing  a  negative  form  nf  coagulation 
may  be  that  it  Ubei-ates  small  fiuantiticK  of  nucleo-jiroteid,  rather  tlian 
that  it  removes  calcium ;  and  if  this  is  so,  the  explanation  r^irered  by 
Wright  (and  Pekelharing)  of  the  action  of  nucleo-prnteids  falls  to  the 
^oncL  Moreover,  it  cannot  be  accepted  as  ] proven  that  a  "peptone" 
moiety  is  split  oft'  from  oucleo-protcid.  "Peptone"  {ix,  "  alltumose'*)- 
blood  is  characterised  by  extreme  diiuinutimi  of  tlie  amount  uf  CO^ 
which  it  contains,-  and  by  diminished  alkalinity,^'  and  tlie  reason  for 
the  uncoagulabilitj  of  such  bhjod  is  apparently  coiniecled  witli  its 
deficiency  in  CO2  tension,*  since  it  coagidatcs  on  ]>assing  a  stream  of 
CX),  througliout  iL  For  the  occurrence  of  intra vast^ular  coagulation, 
after  injt»ction  of  nucleo-proteid  and  similiaiy  acting  substances,  is 
largely  influenced  by  the  amount  of  iX).  in  tlic  l>Ioo(l,  and  it  is  due  to 
its  richness  in  COj  that  the  blood  coagulates  under  these  circumstances, 
first  in  the  systematic  veins,  and  of  these  most  readily  in  the  ] portal 
venous  system.^ 

From  what  has  been  before  Siiid  an  to  the  iutlucncc  of  h'me,  it  will  be 
imderstood  that  the  lime-salts  of  the  jilasma  phiy  an  esseu tird  ]>art  in  tlie 
interaction  lietwcen  the  luicleo-protciil  ami  the  hbriuogcn.  This  parti- 
cipation of  lime  in  the  reaction  had  not  yet  been  rccogniseil  when 
Woolilridge's  researches  were  made,  but  is  freely  ad  u  lit  ted  by  Wright, 
whose  \iewa  njion  the  subject  of  the  coml»ined  actimj  of  iniclco-]»roteid 
and  lime  in  producing  c(»agulation  seem  to  be  in  close  agreement  with 
thoee  of  Pekelharing  (see  p.  171).  It  is,  hi»wcvci%  still  l)y  no  means 
dear  why  in  ^'pej^tone"  plasma,  where  all  the  necessciry  factors  for  llie 
formation  of  fibrin  are  present,  coagulation,  nevertheless,  dnt^s  not  occur, 

'  This  haa  Wen  aUo  ahown  indepemlcntly  liy  Pekelliariiig  (*' UiiterMiuilj.  u.  <l.  Filiiin- 
ferment,"   AmstcrdiiTn,   1892),  who   otFcrs   a   .Hiiiiilar   f^xplftinititin   uf  tlie    pheiionjciioii    of 
*-c  and  poHitive  coagulatinn,     Halliluirtoi]  ami  Pkki^iiiijijr^   on  the  olhir  hioi^l,  coii- 
i«t,  in  the  ciyw  of  coUoids,  thu  negative  pliiuHe  LEiniiot  be  r<\^iirHrri  as  a  mi i binary 
j&non,  due  to  disintegration  of  tlie  inaterial  iiitmvenuu:*ly  it]jtf-t«il.  hut  is  iLitl^ra 
th«nicti>Fistic  of  the  action  of^tmaU  dos^-!!,  and  in  conipiLraUUi  tu  the  inhibits]  y  iielion 
doAe&  of  ctrtaiD  drugs,  wJiicli  act  contrary  to  thu  ac  rioii  of  larj;^a*r  donos  (smii  an  tljo 
gical  immtmity  produced  by  small  doses  of  alexiiies), 
ouaee,  Arch.  f.  FhijswL,  Leipzig,  IB 89,  S.  77- 
ioU,  Arth,  iial.  de  biai.,  Turin,  1K92,  vol  xvii.  p.  \^*k 

ghU  l^'  cii.^  AtidJourn.  Faih,  ajid BacirriuL ,  Ediii.  and  London,  18^3,  vol.  i.  p.  J 34. 
gbt»  Joum,  PhymoL,  Cambridge  and  London,  18P1,  vol.  xii. 
VOL.  I,— 12 


178  THE  BLOOD. 

altlioiigh  it  s])eedily  occurs  on  further  addition  of  lime  or  on  passing 
CO.j.  Wright  ^  assumes  that  the  nucleo-proteid  acting  as  a  weak  acid 
hjis  ousted  CO,  from  tlie  bases  of  the  plasma,  and  that  the  action  of  COg 
is  to  set  the  nucleo-proteid  free  again.  But  this  would  not  account  for 
tlie  etl'ect  of  addition  of  calcium  chloride.  It  may,  on  the  other  hand,  be 
that  tlie  lime  which  is  present  in  the  plasma  is  unalde  to  act  upon  the 
nuelco-))rotei(l  also  present,  owing  to  the  former  having  entered  into  some 
conil)ination  tVom  which  it  is  set  free  by  COo.  It  must  be  admitted 
that  the  suljject  is  still,  in  spite  of  much  research,  enveloped  largely  in 
obscurity. 

liillw'nre  of  fJie  liver  and  lunr/s  upon  blood  coagnlalnlity. — :It  was  shown  by 
Pawlow  -  that  if  blood  be  allowed  to  circulate  through  the  heart  and  lungs 
only,  and  be  ('lit  off  from  the  rest  of  the  body,  it  gradually  loses  its 
coagulability,  and  the  same  observation  was  made  independently  by  Newell 
Martin.''  llohr^  obtnined  a  similar  result,  on  preventing  the  blood  from 
reaching  the  }M>rtal  circulation  by  occluding  the  thoracic  aortii.  The  blood 
lost  its  coagulahility  in  a  quarter  of  an  hour,  nor  was  it  restored  for  twenty-four 
hours  after  readniission  to  the  abdominal  viscera.  This  wjis  in  the  dog.  In  a 
rabl)it,  ligature  of  the  cctliac  axis  and  mesenteric  arteries  produced  a  similar 
but  rather  less  pronounced  etlect.  Delezenne  lias  shown  that  artificial 
perfusion  of  "  pe]>tone-blood  "  through  tlie  liver  restores  its  coagulability,  but 
that  other  (l^I^^'lns  (!(►  not  [Ji-oduce  the  same  result.'' 

(lley  and  Paction '"'  iind,  in  confirmation  of  Contejean,^  that  every  cause 
wliich  diminishes  or  suppresses  the  functional  ai^tivity  of  the  liver  diminishes 
or  sus])en<ls  the  anti-coagulating  action  of  "peptone."  They  thus  explain  the 
experiments  of  Coiitejean,  who  noticed  that  after  extirpation  of  the  coeliac 
ganglia  the  action  of  "peptone"  is  not  obtained.^ 

Jledon  and  Delezenne^  also  found  that  after  the  (establishment  of  an  Eck*s 
listulii  (('()muiuiiication  between  }»ortal  vein  and  vena  cava)  in  the  dog,  and  the 
sul)S('(jii('nt  reninval  of  the  liver,  injection  of  "  pe|)tone,"  although  it  produces 
a  c^reat  fall  <>1'  hloocl  pressure,  no  longer  lemoves  tlie  coagulability  of  the  blood. 
These  expeiiuiciits  appear  to  show  that  the  liver  has  a  special  function  in 
coiiiiectioii  with  tlie  maintenance  of  the  coagulability  of  the  blood,  and  that  in 
passing  tlii(»iigli  the  hiiigs  an  etrect  of  an  oi)posite  character  is  produced,  but 
ill  what  way  cxa<tly  these  organs  exert  their  iiitluen<"e  has  not  as  yet  Iwen 
a>cci'taiiic(l. 

I)loM(|  (.!•  plasma  can  ])e  temporarily  made  uneoagulable  in  the  living  vessels 
hy  i-ciiinviiig  the  hl»rin.  Dastrc?  found  that,  if  a  large  quantity  of  blood  be 
drawn  finm  an  animal,  and  this  he  whipped  and  filtered  and  returned  to  the 
hlood  vessels,  and  the  process  re}»eated  two  or  three  times,  all  the  fibrin  c^n 
he  ti-mpcrarily  lemnycd  ;  and  it  is  only  gradually  tliat  the  blood  resumes  its 
coagulahility,  which  is  not  conq)letely  restored  until  the  lajise  of  some 
hours. 

Conclusions  regarding  the  causes  of  coagulation. — At  least  three 
factors    appear    iiccessaiT    to    otVect    the    formation    of    fibrin,   namely, 

'  ,hn>rn.    Pnli,.   „ ,i<1  H^irt,' rin! . ,    K-iiii.   aiirl  London,    1S:>3.  vol.   i.   ]..    XM. 

-  Arrh.  t.  /V/vwo/..  Lrip/i-.   l.s^7,  s.   l.'.s. 

■'(Miot.a   l.\  <'i,Hl.    r.  rh'.,H'l/.  ,1.  ]:>,•!.  i,lnis.  (;.  s.JJsrJ, . ,  Arrh.  f.  l'Jn,^!oL,    Leipzig,   18S7, 

s.  :.^L 

'   <',,it,,,II,L    I.    I'hn^h,!..    Lrip/JL^Ml.    Widl,    L-vs.    s.    'l^A  . 

■'  ('n:,,j,f,  ,■',"/.  Ar,,./.  ,/.  sr.,  l';n-i>.  11  .\Lii.   Ls'.h;.  p.  l()7-2. 

••  J/vA.  ,/,    ,>!:.'siJ.   „■..■..,.  ri  ,.,fj>,^  I'ari^,  1^!V.,  |,.  711.  '  /A/r/.  y.  1\:^. 
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fibrinitgeu,  iiucleo  -  proteid  (prothrombin),  and  lime,  and  it  woidd 
appear  prolwiLle  fiuiu  Pekelliaring\s  rasearclies  that  the  two  latter  act 
in  oombination,  and  in  fat-t  repiesL'tit  t\m  hndy  whieli  wii.s  termed  hj 
Schmidt  the  fibrin  ferment  (tlirnniliiii).  Tlu^  reasim  w  liy  in  the  healthy 
living  Tessels  the  Idond  dues  not  coagulate,  is,  in  all  prol>abihLy,  that  the 
DHcJeO'proteid  and  lime  have  not  entered  into  the  iieeesmry  eombina- 
Um  or  interaction  whieli  eiiahleB  theui  to  act  an  a  fernjent  ufjon  the 

Of  the  three  factors  above  mentioned,  it  Ls  eertain  that  hlirinot^en  and 
limeart5  both  pres^ent  in  the  planrna  of  eirridating  hlrKjd,nnd  the  pmblem 
fcherefbre  resolves  iLself  into  the  i^nestinn  whether  nnt'leo-proteid  is 
prea^it  or  not,  or  whether,  if  present,  it  is  in  a  dillerent  etaulition  from 
thftt  necsessarj  to  promote  fibrin  formation.     We  may  e* insider  the  latter 

Cslion  first,  and  in  doinf,^  so  it  will  be  con%'enieHt  to  assume,  as 
experiments  oi  l*ekelharing  seem  to  have  ]iruved,  that  the  iibrin 
ferment  of  Schmidt  is  a  product  of  the  interaction  nf  nii<'leO'iir«»tvid  with 
liuie^  This  conclusion  *>f  l*ekclharin^"s  has,  in  fact,  been  Cf)nHrmed  by 
thi?  researches  of  Hammarsten,  who  has  shown  that  the  nucleo-proteid 
(or  prothrombiii)  which  m  ol>tainal>le  from  i>lasma  is  inactive  as  a  ferment, 
except  in  the  presence  of  or  after  it  has  been  exposed  to  the  action  of 
soluble  linie  Siilts.  It  Ls  not,  Innv^ner,  c(|n:dly  ch^n*  tliat  the  fil>rin 
iermeut  is  a  vompofmd  of  the  prf>thromhin  with  lime,  as  Felvelharin;^^ 
supposeil  it  tn  be. 

Is  fibrin  ferment  present  in  the  plasma  of  circulatin;j:  blood  ?  As  is 
well  known,  Schmidt's  filirin  fermejit  is  or<linarily  obtained  from  clotted 
hlcNMl  or  from  serum,  and  the  fernumt-like  snlistunce  used  by  A, 
Bnchanan  was  nlm  olitained  l>y  him  from  blood  ch^t,  and  especially 
fr\:*m  hufty  eoat,  ?>.  the  portion  ccmtnininjj^  most  white  corpuscles. 
Schmidt  found  that  if  blrnid  were  drawn  front  the  vessels  direct  into 
alcohol,  no  ferment  could  be  oljtained  fr<un  it.-  He  came,  therefore,  to 
the  conclusion  that  the  blood  does  not  coagulate  in  the  living  vessels 
owing  to  the  absence  of  fibrin  ferment,  and  that  tins  is  oidy  f(U'med  or 
set  free  when  tlie  blood  is  drawn.  Since  fibrin  fenoont  poiild  be  ohtaim.'d 
in  greatest  abundance  front  the  layer  of  the  clot  where  leiKiicytes  are 
most  abundant,  and  from  other  tissues  an<l  or;j;ans  licti  in  similar  cells,  it 
appeared  proliahle  that  it  is  deriveil  in  diawn  blo<»d  fr*un  the  wfiite 
eorjjiiscles,  and^  as  Schmidt  believed,  from  their  disintegration.  Such 
difimte^l^tion  of  leucocytes  was  in  fact  described  by  Schmidt  in  thawn 
blood,  but  the  observation  has  not  been  generally  c*>nrirmed.  It  is  not, 
hofwever,  necessary  in  su|>pose  disintegnitii^n  *if  the  corpnscles,  for  they 
may  she^J  out  the  ferment  w^itbout  actually  uuilei going  (iisintegrati^tn. 
Now,  conditions  which  render  the  hbjod  iucoagidrdplc.  such  as  injections 
'•f  **  peptones/' of  snake  venom,  and  nucleo-priUciils  in  small  amount, 
greatly  diniinish  the  number  of  leucocytes  in  the  blood.  This  tliey  do, 
however,  not  by  causing  the  solution  and  disintegratioTi  of  t lie  corpuscles, 

'  Hjiintniir9t«?n,  ZtMhr.  /.  phyffwi.  Chdm.,  Stnissliurjit,  IHS^ii,  VaL  xxii.  Wv  maydinmiss 
tbc  h^pothesia  of  Antley  Coojjor  (Thackrali,  ''An  E^sjiv  "ii  thi-  Vauni'  of  the  Cua^'ulatfyii 
«f  the  Blood/'  Mfd.-Cklr,  Rev.,  Loinli.ii.  1S07,  \k  U11),  whith  wtm  iiviviW  Uy  Ui  tic  kt% 
{BriL  tmd  For^  Meii.-l'fnt\  Ilfv.,  Loiidou,  IS57,  ami  Firdtow's  J/rhit\  IS'u,  H«L  xii,  1,  Hmt 
the  liring  va«*ciiliir  walls  exurn'se  by  tluir  pn^sLiice  n  rrHlniniui;  Lictioii  vip«rii  (/ongiiliktinu, 
«  L»Y-ing  been  j^afficiently  tUHprove*!  by  Lialcr  (*'Oii  tlu^  C*nii{ulatiou  v\  ihc  niniHi," 
hoc,  Rm^,  Soc.  Landau,  1863). 

^  Snbsetjaent  r^earcbes  coiiiliut^d  hi  liin  labornt«jjy  liave  sbcnvii  tbnl  a  vury  small 
tmouut  U  obUin&ble  oTeii  under  thebc  cunJitioiLH. 
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as  supposed  by  Lowit^  and  by  Wright,^  but  by  causing  their  accumula- 
tion within  the  tis  lues  (?e.apillary  blnod  ve^Relfi).  Knr  a  very  fihorfc 
time  after  their  al  nost  complete  iliHappearance  from  the  hk*nd  they 
begin  gradually  to  reappear,  and  in  one  experiment  C.  tL  Martin  found 
that  the  full  nnmber  had  reappeared  within  as  short  a  time  as  tifteen 
minutes.*  .More<>ver,  if  Bucb  disintet^ation  reallj  touk  jdace  one  would 
expect  the  coagulability  i>f  the  blood  to  be  visibly  inereased,  from  the 
setting  free  of  their  nueleo-proteida,  whereas  it  is  actually  diminished 
or  abolisheil.  Nevcsrtheless,  those  BuliBtances,  mich  as  snake  venom, 
nucleo-proteids,  and  colloids,  which  in  larger  doses  produce  intravas- 
cular coagulation,  njay  in  part  act  by  causing  disintegi^atioo,  if  not  of 
leucocytes  at  leaBt  o  f  red  eorpuacles  which  also  contain  luicleo-proteida. 
That  this  occm^s  to  ^ome  extent  is  shown  by  the  fact  that  the  serum  is 
usually  tinged  by  hiemocrlobin.  Antl  even  witbont  actual  tlisintegration 
the  permeability  of  tne  r  aenme   altered,   anti    nneler*- 

proteid  shed  out. 

But  there  m  anotb-  Jie  reagent  in  f|nestion  may 

act,  namely,  tlie  epitl  k1  vessels.     TheHe  are  in  all 

probability  eomposei"  anil  the  reagents  may  either 

cause  them  to  s!ied  .  so  i>rodu<ic  iibriu  ferment, 

or,  by  deleteriou^ly  a  ise  tbeio  to  react  upon  the 

leucocytes  which  are  ^et  with  tlieir  inner  surface, 

and  etfect  a  di^^cbarg  au  these  eel  1b.     That  snake 

venom  affects  tlie  bit  y  is  sliown  by  the  capillary 

hajmorrhagcM  vvhicli  u  after  poisoning  by  it,  and 

by  the  rapid  efle<;t  it  p.,...*i  ood  cireulating  in  the  mesentery, 

if  a  little  be  applied  to  the  hat  laeiubrane."*     The  Hame  does 

not,  however,  obtain  witli  artineiai  colloids,  nor  with  nucleo-iiroteids; 
although,  witli  partial  idocking  of  the  |Mjrtal  vein,  after  injection  of  a 
small  dose,  oapillary  haMnorrhage.s  have  i>een  f<nind  to  occur  in  tlie  liven^ 

The  eviMenee  which  we  have  had  lief  ore  us  points  to  the  following 
conclusions  regarding  coagulation  : — 

1.  That  the  coagulation  of  blood,  ij:.  tlie  tmusformatiou  of  fibrinogen 
into  fibrin,  requires  for  its  consummation  the  interaction  fif  a  nucleo- 
proteid  (protlniaubin)  and  soluble  lime  salts,  and  tlie  consequent  produc- 
tion of  a  feiHient  (tbrouibniX 

2.  That  either  nueleo-proteid  is  not  present  in  appreciable  amount 
in  the  plasma  of  circulating  lilood,  or  that  tlie  interaction  in  question  is 
prevented  froiti  oecnrring  within  the  blood  vessels  l>y  some  means  at 
l)reseiit  not  anderstood. 

3.  That  tlie  nueleo-proteid  (prothrombhi)  ai^pears  and  the  interaetitm 
occurs,  as  s(H in  as  the  blood  is  (Irawn  and  is  allnwed  to  come  into  nont^ict 
with  a  fonn;,ni  surface,  the  source  of  the  nucleo-im>teid  being  in  all 
probability  Jiiaiuly  the  leucocytes  (and  blood-platelets  ?)■ 

4.  That,  iimler  certain  circumstances  and  conditions,  either  the 
nueleo-proteid  does  not  appear  in  the  plasma  of  drawn  blood,  or  it 
appears,  but  the  interaction  between  it  and  the  lime  salts  is  prevented 
or  delayed. 

1   **8tii.l.  z.  Physiol,  u.  Path.  .1.  Blutos,"  Jena,  1892. 
-  l^roc.  Rini.  Soc.  L'rmlon,  1893.  vol.  Hi. 
3  Loc,  clt.  ^ 

•*  Wcir  Mitchell  and  Kcichcrt,  "  Researches  upon  the  Venoms  of  Poisonous  Seri^nts,'' 
Smifhson.  ('onfrili.  KmnrJ.,  Washington,  vol.  xxvi. 

^  Wouldridgc,  Trans.  Vi'ih.  Soc.  London,  1888,  p.  421. 
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a  That  the  uucleo-proteid  (prothrombm)  appears  in  the  plasma  of 
drmtkUin/j  hloud  under  certain  conditions,  being  in  all  prohahility  whed 
OQt  from  the  whit^  corpuscles  and  blood  platelets,  or  in  Hojoe  crises  even 
from  the  re<l  corpuscles ;  and  that  when  slied  out  under  these  conditions 
from  the  corpuscles^  or  when  artificially  injected  into  the  vessels,  it 
lends  at  once  to  interact  with  the  lime  Siilt«  of  the  plasma  and  to 
form  fibrin    ferment   (thrombin),   intravascular  coaj^ulation    being   tlic 

6.  That,  under  other  conditions,  either  the  slieddiug  out  of  nucleo- 
proteid  from  the  c^^rpuscles,  or  its  interaction  with  the  liuie  salts  of  the 

►,  may  be  altogether  prevented  and  the  blood  rendered  incoajrulablc, 
nucleij-proteid  be  artificially  added,  or  mdct^s  a  moditieatiuu  of 

the  conditions  is  introduced  vvliieh   will  permit  of  the  interaction  of 

the  nucleo-proteid  with  liroe  to  form  ferment. 

7.  That  the  uucleo-proteid  (prothrondjin)  is  incompetent,  in  ttie 
^tire  absence  of  Ume  salte,  to  promote  the  traosformatiijn  of 
fibrinogen  into  fibrin;  but,  as  a  result  of  its  interaction  wit!i  lime 
«lt«,  it  hec*:juies  transformed  into  a  ferment  (tlirouduii),  which, 
imder  suitable  conditions  of  temperature  and  tiie  like,  lUfHluces 
fibrin. 

8.  That  either  the  jilace  of  nueleu-i>ruteid  iu  coagulaLitui  may 
be  taken  by  certain  alb  amuses,  such  as  those  founil  in  snake  venom, 
and  bv  certain  artificial  cidloidal  substances,  sucli  as  those  prepared 
by  Grimaux.  or  tliat  such  substances  may  act  }jy  settiiiL^  free  luudeo- 
*proteid  from  the  leucocytes  and  otlicr  elements  in  the  blood,  or 
from  the  cells  of  the  blood  vessels,  and  thus  indirectly  promote 
cx)agulation. 

If  the  foritier  supposition  is  the  correct  oue,  iu  all  prolwdiility  these  tlircc 
wbstaiicea  (uucleo-proteiiJ,  snake  venom,  albuuiose,  and  colloid  of  Urimaux) 
oontain  the  same  active  molecular  group. * 


Lymph,  Chyle,  Sebous  Fluids,  Cerebuo-Spinal  Fluid,  Svxovia, 

Lymph,  whieh  is  obtainable  from  tlie  lym]ihalie  vessels  of  the  liud»s, 
from  the  thoracic  duct,  and  from  the  lacteals  in  the  intervals  of  absorp- 
tion of  digestive  products,  or  from  the  serous  Ciivitiea — idthougli  only 
occurring  normally  in  sutiieient  amount  h)V  purposes  of  analysis  and 
experiment  in  the  pericardial  cavity — reseml>k\s  generally  in  tlie  char- 
acter of  its  coustitueuts,  hut  n^st  in  their  relative  auioinit,  the  iibisma  of 
the  blood.  Nor  are  the  proportions  fif  its  constituents  so  coust:iut  as  are 
tlio&e  of  blood  plasma,  for  there  is  reas<ui  to  believe  tliat  the  lymph  from 
different  organs  presents  very  considerable  diflerences  in  their  relative 
amounts. 

Lynipli  has  generally  been  obtained  for  analysis  from  areidentril 
lymphatic  fistuhe  in  man,  from  experimental  tistulie  in  buj^e  aniuads, 
such  as  the  horse,  or  fnun  the  tfioraeic  duet  of  fasting  animals  (dog). 
The  amount  flowing  along  the  tlioracic  duct  is  about  134  c.c.  per  kilog, 
body  weight  per  dieuL- 

*  HAJliburton  ami  Pitikering,  op,  dt. 

•Kw  Hcidenhain,  Arch,  f.  d.  gts,  Phjm'ol.,  Bonn,  1S1H,  B«l  xlix.  S.  2\6i  Ntid  Paton, 
Jimrn,  Fhjfmt^L,  Cambridge  and  lioudou,  1890,  vol.  xL  \k  109. 
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The  following  an  ilyais  ia  given  by  J.  Mimk  and  Itosenstain  from  a 
case  of  fistula  of  th    thoraeie  duct  m  man :  ^ — 


In  100  part8  i  mph^ 
Total  sc  lids 
Protcids.1  * 

Substai  ces  eoluble  ill  ethm- 
Sugar 
Salts 


3 -7-5 -5 

3-4^4-1 

0^046-0-13 

Oi 

0-8-0*9 

0-f)o-0'58 

0^24 


Hensen  and  Dai  lardt  ^  frjimd  the  foUrming  inorganic  constituente : — 

In  100  parts  l^  inpb — 

NiCI  .            .            .         0-614 

J^^P  .         0-057 

K,0  ,         0-049 

CaO  0  013 

CC  .         0-0815 
SO 


Tvtxi^m 


0033 


They  obtained  nji] 
cent,  in  blood  plasmi 
injection  of  peptone 
by  L.  E.  Shore,^  pruvt 
blood.     The  expert mi'niH 


\  (Jiy  coniparcil  with  04  per 

rciiHun  why  tht^  intravenous 

11  slow  rate  may,  as  uotifeil* 

.jiu  lynii»h  but  not  tliut  of  the 

ifl    KUiuger*  8eeni,   however,   to 


indicate    that,   un^U'r   t]ie    iin of    peptone,    an    anti-eoagulating 

suljstance  is  fornu-tl  in  lymph,  and  from  tliin  |iaHseH  iutri  the  IdfKid, 
The  otlier  proteids  iire  alno  present  in  nineh  Ickb  amount,  but  the  relative 
proportion  of  albiuuiu  to  jj^lnhuhn  is  ahnt^st  exaetly  niaintJihu'd,  Ah 
ah'eady  stated  (p.  102),  the  picocuu  piuiciti  ^iiiuucui  lo  iaiiij  uuiiowiiii;  iti 
the  same  indiviihial,  both  for  blood  serum,  l}Tiiph  serum,  and  serous 
effusions.^  Lymph  generally  contains  more  urea  than  does  the  blood  of 
the  same  individual.     Thus  in  a  dog  Wurtz  found — 

In  the  blood,  0*009  parts  per  cent,  of  urea. 
In  the  lymph,  001 6    „  „  „ 

The  amomit  of  sugar  in  lymph  is  about  the  same  as  in  blood  plasma, 
altliougli,  if  dextrose  be  injected  into  the  blood  vessels,  it  soon  appears  in 
greater  pr()])(>rtion  in  the  lymph  than  in  the  blood.®  Lymph  contains 
a  distinct  amount  of  glycogen,  but  this  substance  is  wholly  contauied  in 
tlie  c()r])U8cles,  and  none  exists  in  the  plasma.^ 

The  aqueous  humour  is  a  form  of  lymph,  and  contains  the  same  pro- 
teid  substances  as  lymph,  namely,  fibrinogen,  serum  globulin,  serum 
albumin,  and  similar  extractives  and  salts.^     It  contains  no  corpuscles, 

'  Arch.  /.  Fhysiol.,  Leii)zig,  1890,  S.  376  ;  Virchows  Archiv,  1891,  Bd.  cxxiii.  S.  230 
(contains  a  liistoiical  account  of  other  ca.ses). 

-  J'ir('h"ir's  ^t rcfiiv,  \'>*'>i},  Bd.  xxxvii. 

^  Jonrn.  J'/n/sio/.,  ( \uiil>ridge  and  London,  1890,  vol.  xl.  p.  r»61. 

^  ZhcJn:  f.'plnislul.  C7/'//<.,"Strassl.ui-g,  1897,  lid.  xxiii.  S.  121. 

^Salvioli,  Arch.  f\  P/n/siol.,  Leipzig,  18.^1,8.  209:  Ilot'niann,  Arch.  f.  ca-per.  Path, 
u.  Phanna/:oL,  Leipzig,  1882,  1^1.  xvi.  S.  13.'.. 

'^  The  reasons  fVir  this  will  be  cunsidcred  in  the  article  on  "  Lymph  Production." 

"  Da.stre,  Compf.  rend.  Acad.  d.  sc,  Paris,  181>.''),  tome  cxx. 

**  Halliburton  and  Friend,  Jlep.  Brit.  Ass.  Adr.  Sc,  London,  1889. 
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CHYLE— CEREBROSPINAL  FLUID,  i«j 

md  do6B  not  clot  spontaneously,  but  only  on  addition  of  fibrin  ferment, 
OTch  as  is  contained  in  serum.  Traeew  of  urea  are  ]>resent  but  no  sugar, 
althoui^h  a  slight  reduction  of  Febliut^'s  Hidutinn  i.s  sometimes  olitainable. 
Tills  is  probably  due  to  paralaetir  arid.^ 

The  fully  wing  analysis  of  aqueous  himiour  is  by  Lobmeyer:- — • 
In  1000  ijarU^— 

Water  ....         986-87 

Proteids         .  .  .  ,  1*22 

Extractives    .  .  .  .  4*21 

NaCI  .  .  .  .  6 -89 

Other  salts     ....  0*81 

Pericardial  fluid  is  a  form  ui  lympb  whieh  is  found  in  .small 
qnantity  within  the  siie  of  tbe  ]perieardiuiu.  Peritruieal  and  pleural 
duids,  and  tbe  tiuid  of  tbe  tunica  vaLriujilis,  aro  not  nornudly  ]tresent  in 
flTifficient  tiuantity  to  be  eolleetfd  aud  aniilysitiL  IV-riiardiiil  lluid 
contaiiis  rather  less  protuitl  than  ordinary  ]yini*li  (^'^^-li-fifi  [ler  cent)*^ 
Pericardial  tlnid,  as  obtained  fiiini  the  lior.se  or  ox,  is  a  yellowish 
fluid,  resembling  serum  in  appearance^  and  in  its  L,^eu«.^ral  (-tajiposition, 
hut  it  contains  fibrinoiren.*  It  usually  has  no  leucocytes^  nor  is  it 
spontaneciusly  coagulable,  but  it  coagulates  on  the  addition  of  ferment  or 
tif  nucleu-proteid. 

Chyle  has  nearly  tbe  sjuue  c«iiu|Misititni  as  lymph,  but  it  cnu tains 
more  srdid  matter,  tbe  increase  being  cliictly  in  fats,  lait  also  in  juoteids. 
The  following  talde  from  Hoppc-Seyler  givL-s  its  general  composition  in 
the  d«>g  and  a  comj>tirison  with  the  serum  of  tbe  same  animal. 

Chylo  of  SiTUin    of 

Dog.  sumo  Dog. 

Water     ....         HUG  7  iKJGO 
Fibrin     .             .             .             .           0*11 

Albumin  and  globulhi     .              .            2*10  4 '52 

Fat,  lecithin,  chole^teriii               .            0*48  0'G8 

Other  organic  substances              .           0*23  0*29 

Salts        .             .             .             .           0-70  0*<S7 

The  ether  extract  of  chyle  was  found  by  lb^j'J^e-Seyler  to  contain, 
per  cent. : — 

Chole.Hterin      ....  1409 

Leeithin  ,  .  .  .  8%S4 

Fats     ,  .  .  .  .         77  07 

There  is  also,  according  to  Ilojipe-Scyler,  a  sniiill  johmuuI  <if  so;ip  in 
chyle.  The  amount  i»f  un^a  and  of  sugar  is  ;ibuuL.  tbe  -sauje  as  iu  lymph. 
The  cerebrospinal  fluid,  allbougb  rtseudiling  lymph  in  its  appear- 
ance, and  probably  in  heing  formed  by  lransud;ltl^^^  ffvmi  the  hlmid 
vessels,  ditlers  from  lympli  chemieally  in  certain  im]Miitinit  details. 
Although  cerebro-spinal  tiuid  is  nut  olitainal)le  lunniFilly  in  sulticicnb 
amount  for  analysis,  tbe  Uuid  of  a  mcningouelc  appeals  tu  he  mtthing 
but  an  accumulation  of  the  normfd  lluid,  iind  lias  been  freipicntly 
analysed,  and  tlje  Huiil  of  hydrt)ccph:dus  has  rdso  been  used  bu  this 
purpose.     Cerebro-spinal  fluid  as   thus   ntitaincd   is   a   (dear,  colourless 

'  Kalui,  ArcK,/.  d.  rf€s.  Physiol,,  Uoiin,  188S,  IM.  xi.  S.  'im  \  Uiuiiliaf,^  ii,  i7^/</.,  iS.  ;jr7. 

*  Gtimp-Boaanez,  *'Lehrbuch,  *  187^,  H,  HU. 

»  Hoppe-Scylcr,  '*  Physiol.  Chem./'  18^1,  S.  mi^ 

*  For  analyses  of  jwiicarrlial  lluid  hmn  tin."  lutr^i-,  ainl  also  fur  the  anuly.sis  o(  various 
droptiical  fluids  which  tend  to  jiCTUiniil;it<'  in  the  sLTona  tavitics  of  ihuu,  sob  HalUburtoii, 
"Chem.  Piiyiiol./'  H|t.  33B  and  a3y,  and  BriL  MeiL  Joum.,  London,  hVJQ. 
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liquid  of  specific  gravity  about  1007-8,  and  of  a  faintly  alkaline  reactioa 
It  contains  only  about  1  per  cent,  of  solids,  chiefly  inorganic  salts,  of 
which  the  greiiter  part  is  sodium  chloride,  the  other  salts  being  potas- 
sium chloride,  phosphates  of  lime  and  magnesia,  and  traces  of  iron  and 
sulphates.^  There  is,  as  a  rule,  not  more  than  1  part  per  1000  of 
proteids.  These  consist  almost  entirely  of  proteoses;  chiefly  in  the  form 
of  protoalbumose,  which  is  precipitable  by  saturation  with  sodium 
chloride  or  magnesium  sulphate.  There  is  also  a  very  small  amount  of 
serum  globulin,  but  no  serum  albumin  or  fibrinogen,  nor  is  there  any 
nueleo-pr(jteid  or  fi])rin  ferment.     Earely  peptone  occurs. 

In  addition  to  })roteids  and  traces  of  nitrogenous  extractives,  there  is 
present  in  cerebro-spinal  fluid  anon-nitrogenous  substance  peculiar  to  it, 
which  has  the  property  of  reducing  copper  salts  when  heated  with  them 
in  an  alkaline  solution.  This  ,w^as  thought  l>y  Claude  Bernard  to  be 
sugar.  Tlie  substance,  however,  is  not  sugar,  being  non-fermentable, 
non-rolatory,  and  inca})able  of  combining  with  phenylhydrazin  to  form 
a  crystalline  compound.  According  to  Halliburton,  it  is  i)yrocatechin, 
and  has  the  formula  C,.H^(OH).„  being  probably  one  of  the  decomposi- 
tion i)roducts  of  proteids  ;  it  occurs  in  traces  in  the  urine.  In  tapped 
cases  (jf  liydi'ocephalus  and  meningocele  the  amount  of  this  substance 
increases  after  the  first  tapping.^ 

Tlie  presence  of  proteoses,  and  occasionally  of  peptones,  in  the  cerebro-spinal 
fluid,  altliough  these  substances  do  not  occur  in  blood  or  lymph,  is  of  interest 
in  connection  with  the  theory  of  Gaskell,  which  supposes  the  central  nervous 
systoni  of  vertebrates  to  have  become  developed  in  connection  with  a  dorsal 
ahmentary  canal,  such  as  is  found  in  arthroiwds.**  No  digestive  ferment 
(pepsin,  tryi)sin)  has,  however,  been  detected  in  cerebro-spinal  fluid. 

Synovia  dilVei-s  fiom  lymph  in  containing  a  larger  amount  of  solids 
and  also  a  iinicin-like  substance.  Mucin,  according  to  I^mdwelu*,*  yields 
a  reducing  su^ar  on  l)oiling  with  mineral  acids,  but,  according  to  Ham- 
niarsteii;*  this  niuciii-like  substance  of  synovia  does  not  yield  such 
reducing  suii;ar,  and  is  of  the  nature  of  nucleo-albumin  (containing  5  i)er 
cent,  of  ]»hos])]iorus).^  But  the  mucin-like  material  obtained  by 
Salkowski'  from  synovia  neither  yielded  phosphorus  nor  did  it  give 
any  leduciiiL^  sugar. 

Salkowski  gives  the  following  as  the  composition  of  the  synovia 
analysed  iiv  liim  : — 

In  100  .mins.— Water      ....  93-084 

,,               Mu(an-lik(' substance         .              .  0375  (  r  loo 

Other  proteids      .              .              .  4-824  j'^*^^^ 

Fat           ....  -282 

Lecithin  ....  0-017 

Cholesterin            .              .              .  0-569^^ 

Inor^Muic  saUs      .              .              .  0-849  (Nacl  0-772) 

^  Vv(.ii,  <iunt,-,l  l.y  llallil.iirton. 

-For  luitlKr  <lcl  lils  consult  Il.illil'intoii,  "  Cht'in.  riiy.siol.,"  p.  35r»  ;  also  **  Rcj>ort 
of  Sjiiiia  P.iti'la  ('oiniiiittrc,"  'rr<tns.  Clin.  Soc.  Loud")},  vol.  xviii.  ;  and  Journ.  rhi/:?iol., 
('aiiihriil^T  iiiid  Luml.tn,  vol.  x.  ]>.  'J;32.  wlicrc  the  pn-vious  litcr.iluie  will  be  foinnl. 

^  A'Mi.  >s  lo  tl,,.  Sr,  ii.,11  of  riiVMolo-v.  y/'/'.  J^rif.  Ass.  A(/r.  Sc.  London,  181>(). 

•*  v//v//.  /■.  </.  '/'<.  I'ln/sinl.,  Poiin,  l',d.\xxxi\.  S.  T.'.'i. 

^  J<>/u--sh.  u.  <l.  Fnrfsrhr.  <l.   Thl' !■-<_'}, ,:„L.,  \Vic.sl)ad,'U.  IM.  xii.  S.  484. 

'■  F-.r  aiialv>is  of  ,svno\  ia  1)V  diUVrcnt  observers,  sec  Halliburton,  "Clieni.  Physiol.," 
p.  3M. 

•   VlrrJinir^   Anliiv.   I'xl.  cxxxj.  S.  3u4. 

^  This  is  uii'pirstiuuably  abnormal ly  \\v^\\.     The  lluid  was  from  a  ease  of  chronic  coxitis. 


JLEMOGLOBIN:  ITS  COMPOUNDS  AND  THE 
PRINCIPAL  PKODUCTS  OF  ITS  DECOMPOSITION, 

By  Arthur  Gamgek. 

Ooitjratft. — ^Distribution  in  the  Antmal  Kingdom,  p.  IftCi — Hdations  to  other  Con- 
telituenU  of  Red  Corpuscles,  p.  188 — Arterin  'i  and  I*hlehin  ?  p,  190— Ox yhie- 
moglobin,  p.  lt>3— Methods  uf  obtaining,  p.  1!>4— Uomi>osition  of,  p,  197 — 
Crystalline  form,  p,  203 — Action  of  Reagents  on,  p.  207— Spectrum,  p.  ^208 — 
Spectrophotomutry,  p.  213 — Photograpiiic  Hpectrmn,  [k  2-2.^  — niunnigluUhi,  p. 
iSB — Prejjaration  of,  p.  23'2 — Colrnir  and  Spectrum,  p.  i 33 ^Cum pounds  with 
QaseB,  p.  237^ — Derivativcis  and  Products  of  UecompoBitiun,  ji.  243. 

Br  the  term  hii!maglobiii  *  is  desigiiateil  tlio  higldy  Cina]ilux,  inm-cnu- 
taiiiiiig,  crystiiUiiic  i:(dniiring  matter,  whiidi  forms  the  iiinst  iiiipcirtaiit 
ooustituent  of  the  coloured  eoriiVLstde.s  nf  the  hhnjd,-  and  in  virtue  of 
which  they  perform  their  function  as  the  ox}'gen -carriers  nf  the 
orgamBin.  This  body  possesses  the  reniarkfihle  ]unperty  nf  linking 
to  itself  a  molecule  af  oxygen,  so  as  to  form  an  easily  diHsociated 
ODDipxind,  wliich  is  termed  oxyha  nioghphin,  in  (hstiuguish  it  sjrecifjcally 
from  the  colouring  lusttter  whicfi  lias  parted  with  its  (lissociahle 
osTgen;  for  the  latter  souie  retain  the  name  hamoi/lohm,  tlioygh 
it  u  commonly,  and  liy  Englislj  writers  usually,  distinguislieil  by 
the  t«rm  rcducrd  hrrmofihhhi. 

Both  oxyhaemoghdjiu  and  reduced  ha.nioghddn  invariably  (niducr) 
exist  side  by  side  in  varying  propcirtions  in  tlte  living  blond;  the 
former  being  most  abundant  in  arterial,  tlie  latter  in  venous,  blood. 
In  the  present  chapter  the  term  hienioglubiu  will  he  generally  emidoyed 
when  8j>eakiiig  of  the  blood -colouring  matter,  without  s])eeiHc  reference 
to  its  relation  to  oxygen;  the  term  r^thnrj  ha:mofjhfhin  being  invariably 
employed  when  reference  is  made  to  the  colouring  nuitter,  dej>rived  of 
ita  diftsocialde,  or,  as  we  may  term  it,  in  cnTisideration  of  the  piart  which 
it  phiya  in  t!ie  organism,  its  rf^pintftiri/  nxygen. 

Should  we  speak  of  " hsemoglobm "  or  "the  hBemoglobins/'  of 
"oxyhfieinoglobiii"  or  *'the  oxyheemoglobins?"— In  a  suljsequeut 
Beetion,  it  will  be  shown  that  the  blood-cid*>nring  matter  is  by  no 
means  absohitely  identical  in  all  animals,  Ijut  tliat  it  exhibits  con- 
aiderable    variations   in   certain    physical    ehara<diTs,   and   in  chendcal 

*  Hoppe-Seyler,  to  whom  we  r>we  a  great  jmit  of  our  knowledj^*?  of  the  lilaod-potniriiig 
matter,  nrat  suegeated  this  ttrm.  "Um  VciwecliHcliiiivrL'U  s^n  virineiilcn  nennt'  iih  rlas 
Blutf^rbstoff  *  Hsemoglobulii]  od«r  Hjemoglobin/ "  Kin^hows  Archit\  IStii,  Bd,  xxix.  S. 
223. 

'  Hftmopflobin  constitutes  about  40"4  per  r<?iit.  of  the  W8?i;^lit  of  the  moist  corpuscles, 
and  iboat  05'5  per  cent,  of  all  the  organic  t^uhstuncc^  conUiiied  iti  them. 
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composition,  aco^rdiiig  to  the  species  of  aiiinial  from  which  it  has 
been  derived.  Base  I  upon  theBe  facts,  or  perhaps  in  order  to  emphasise 
them,  it  is  now  cuj  ninaiy  with  German  writers,  following  the  example 
of  Hoppe-Seybr,  to  speak,  not  of  "  oxyhiumoglobin/'  but  of  ''  the 
oxyhfemoglobiiis,"  of  *'  tfic  hannogloliins "  ami  not  of  '*  hiemoglobiiL'* 
This  appears  to  me  to  be  an  niinecessary  and  misleading  attempt  to 
attain  accurac  y  in  scientitic  terminology,  at  the  expenee  of  Lruci  and 
philosophical  <'once])tions.  As  will  be  shown  in  the  sequel,  the 
proportion  in  whieii  iron,  the  characteristic  dement  in  the  blood- 
colouring  matter,  occurs,  is  ab.sohitely  the  same  in  many  animals,  the 
weight  of  the  mulec  de  being  probaljly  identical  in  the^e  cassee.  There 
is  further  abundant  evidence  in  favour  of  the  view  that  the  typieal 
nucleus,  upon  which  the  optical  and  physiolf>gical  properties  of  hiemo- 
globin  depend,  i^^  absolutely  identical  in  all  animala  TJie  grounds 
for  this  asseriiiin  will  oe  uel,  when  it  will  be  shown 

that   the   opinlnn    adv  rs,  iiH    to  the    i*xislenee    of 

several  hiemo^dnbins,  cnnipuHitiini,   l*ut    ponisesiHed 

of  different  puwei-s  ti  rgen,  rests  upon  undoubted 

fallacies. 


Distribution  of  H  jt  tue  Animal  Kiniuiom, 

After  the  <lIsiCover  ihu  charact/^rititic  speelrum  of 

lisemoglobin  had  cnabl  ve  that  thin  substancts  is  the 

true  blood-colouring  nui  lat  the  same  liody  is  tlu?  catjae 

of  the  red  colmir  of  tL,    .^,  es        vertcbratet^,      Hunt?ft?ld ''^  and 

RoUett*  had  .sjmwj!   that  tin  le       rth-wcirui  aud  of    CJiirmimoUM 

yielded  crystals  idi-'utiijial  with  the  rjiooO  crysu,,j  obtained  from  other  animals  ; 
and  Ray  Lank rsUr  '  atid  XawiNji-ki ''' siimnltaneously  estiibli.sbtd  the  fact  that 
these  crystals  ■  unsisted  i»f  ha^iauglubiu,  by  exaaiining  tlieir  spectr*j^copic 
characters. 

In  a  series  nf  reseai*^:li**H^  which  nxLi^iided  frimi  1867  to  1872,  I.ankester 
investigated  the  distribution  of  haemoglobin  throughout  LIki  animal  kingdom, 
and  comparatively  \v\\*  fiicbi  bavo  since  been  added  to  those  which  he 
pubHshed  in  \^"'lr 

The  following  are  among  tlie  prmcipal  lacts  hitherto  ascerUunecl  in  rela- 
tion to  the  distribution  of  haemoglobin.^ 

Hiemoglobin  occurs : — 

1.   In  special  corpuscles — 

(a)  In  the  blood  of  all  vertebrates,  excepting  Leptocephalus  and  Amphioacus. 

^  tVlix  Iloppc  ill  Tubingen,  "Ucber  das  Verhalten  des  Blutfarbstoffes  ini  Spectrum 
dcs  Soniieiiliclitcs,''  Jlrchow's  Archiv,  1862,  Bd.  xxiii.  S.  446-449;  "  Ueber  die  chemi- 
sclieii  u.  <>i>ti.sc'h('n  Eigeiischaften  des  Bhitfarbstolls,"  Virchoxv's  Archiv,  1864,   Bd.  xxlx. 

s.  '2:3:3-215. 

-  "  Uf'ber  (bn   Faibsloir  der   Muskeln,"   VircJioiiys  Archii\  1865,  Bd.  xxxin.  S.   79; 

Kuline,  "Li'liibucli  .1    pliys.  Cbeinie,"  1868,  S.  288. 

^  ''  Das  Uhit  (br  Kcgfiiwunner,"  Journ.f.  prakt.  Chan.,  Lei})zig,  1839,  Bd.  xvi.  S.  152. 

•*  "  Ziir  Kf-niitiiiss  tb'r  VL-ibreituiigdes  Hiematiiis/'  Sitzumjsb.  li.  k.  Akad.  d.  IVissensch. , 
Wien,  18G1,  lid.  xliv.  8.  ()1;V6;J0. 

^  "  Obsti  vations  witli  tlie  Sjifctroscope,''  Jouni.  Anal,  ami  Physiol.,  London,  1867, 
S.  114. 

«  '•0[»ti.s(  liu  Kii^'.'ii^L-liaftoii  des  lihitfarbstoiry,"  Ccilralhl.  f.  d.  mcd.  Wisscmch.,  Berlin, 
1807,  S.  VM). 

"'  "A  ( 'oiitiibutioii  t(t  the  ]viio\vled;j;e  of  Hieinoglobin,''  Proc.  Hoy.  Soc.  London,  1872, 
vol.  xxi.  ])!».  70-M. 

**  The  student  is  advised  to  lead  the  interesting  ehajaer,  entitled  "The  Blood  of 
Invertebrate  Animals,"  in  Halliburton's  Text-Book,  see  pp.  316-330. 
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(k  Amphioxwf  Lankester  failed  to  obtain  sptictroseopic  evidence  of  the  pre- 
«Bce  of  hopmogloMn,  though  Wilhelm  Mliller  of  Jena  had  dcscribf^d  the 
eofpusdes  of  this  vertebmte  as  of  a  pile  red  colour.) : 

(t)  In  the  perivisceral  fluid  of  some  species  of  tlje  vermian  genera, 
Gl^jcera,  Capiiilla^  and  Phon^nis: 

(e)  In  the  lamelUbranchiate  niolluM\s  Sohn  and  Ajra. 

2.  iJilTn^ed  in  a  vascular  or  ambient  liqnid^ — 

(a)  In  the  peeiiHar  vascular  system  of  tlic  chEetopodous  annelids,  very 
generally,  but  with  apjxirently  arbitrary  exceptions : 

{h)  In  the  vascular  system  (which  represents  a  reduced  perivisceral  cavity) 
of  certain  leeches  (XepheliSj  Hirwht),  but  ii»vt  of  all : 

(<r)  In  the  vascular  .system  of  certain  liirbillarians,  as  in  PoUamvgnitnlira  : 

(d)  In  a  s]_»ecial  vaacnlar  system  (distinct  from  tlie  general  blood  system) 
ef  A  marine  jxirasitic  crustacean  (imdescrilied),  observed  l)y  Professor  E«bmard 
wn  Beneden : 

(c)  In  the  general  blood  Bysfcem  of  the  larva  of  the  diptcTous  inaeet 
f^trommtUB]  and  in  Musai  ffoittesika  :  ^ 

(/)  In  the  general  lilood  system  of  tlie  indnmnate  mollusc  PkiMiuhis.  Mr, 
H,  CSurby  expressed  the  opiiuon  that  jaoliably  the  colouring  matter  fouml  in 
the  bloo^i  of  PlanorbU  is  not  identical  with  hii'moglobin.  1  have  shown,  how- 
ever, that  the  fwi^sition  of  the  absor]ition-baiuls  of  tlie  colouring  niatttn'  nf  the 
bbod  of  lia/tijrbiJt  coincides  exactly  with  that  of  the  Inemoglubin  bands:- 

(ff)  In  the  gejicnil  blood  system  of  the  cruHtiieeans  Daphnia  juid 
C^«rore/>^a^« J?  (Lank ester) ;  also  in  Apfta  mul  fUipruJ'^ 

3*  Diffused  in  the  substance  of  muscular  tissue — 

(a)  In  the  voluntary  muscles  generally  of  Mammalia,  nnd  probably  of 
Iwnid,  and  in  some  muscles  of  reptiles : 

(6)  In  the  museles  of  the  dorsal  tin  of  the  lish  Hipporanqmii,  being 
generally  absent  from  the  voluntary  musiular  tissue  of  lish  : 

Jc)  In  the  muscular  tissue  of  the  heart  ^"f  VcrtebnUa  generally  ; 
d)   In  the  nnstriped  muscular  tissue  of  the  rectum  <»f  mini,  being  absent 
60m  the  nnstriped  mnseuhir  tissue  of  the  alinicutary  cimal  gcue rally  : 

(e)  In  the  muscles  of  the  pharynx  and  oduntophnre  of  the  giistrojiodous 
moUuacs  (observed  in  LytifU'tmi,  Pahithuft,  Liffffrimij  Paf^fht^  Vhifon^ 
Aplifwia)y  and  of  the  pharyngeal  gizzjird  of  Aphjiiia^  being  entirely  absent  from 
the  rest  of  the  musimlar  and  olhcr  tissues  and  the  hloud  of  these  motluscs  : 

(J)  In  the  mu^ular  tissue  of  the  pharyngeal  tube  cd  Aphn^lit*'  nmieafti 
(I^nkester),  being  absent  from  tlie  re.st  of  the  musetibr  tissue,  and  from  the 
blood  in  this  animali  and  absent  from  the  muscular  tissue  generally  in  all 
other  annelids,  as  far  as  yet  examined. 

4-   Diffused  in  the  substan*  e  of  nervous  tissue — 

(a)  In  the  chain  of  nerve  ganglia  of  AphrtitlitH  wulmtn  (LMukester).  In 
this  annelid  the  chain  of  nerve  ganglia  jitjssesses  a  }aight  rniHsou  colour.  The 
colonr  is  most  intense  in  the  su]>ra-Q?sophageal  gaugiimi,  which  has  as  intense 
*  colour  as  a  drop  of  fresh  human  blood.  The  c-ohuir  imiaregnates  the  nn  vc 
iteelf,  and  is  not  contained  in  a  liquid  liathing  the  tissue : 

(6)  An  exactly  similar  observation  has  l)een  nuide  liy  Itubrecht,  wlm  fimnd 
hsmoglobin  in  the  red'coloured  cercbrfd  ganglia  of  certain  Xcmt'itine  wimns^ 
which  possesa  no  coloured  blood  corpuscles/* 

^  MjucMunn,  "Aniiiml  Chromatology/'  /V*^.  Biihnnijham  Phil.  Six,^  viil.  iii.  \k 
130  < quoted  at  second  1> and). 

^fJamgte/'A  Text-Book  oftlie  Phyaiolo^ie4il  Cliemistiyof  the  Aniaiid  l!tM|y,'*vob  1.  ji.  I'jh 

*  UeffOATd  et  Bknoliiini,  **  Note  aur  Iji  [>r«'srnt:e  dt)  riirujnyloliiTic  daiiM  le  s,ujg  doj* 
cnattifitt  br»ncliiopo<le8/'  Compt.  rend,  Js'oc.  de  htoL,  Van^,  lS8a,  ]j|i.  Vj7-'2Q0. 

•A-  A.  W.  Hal»pcoht,  *' Uutereiiih.  \uAwr  ^'iiiHrtiniii  aus  «U*ni  (jvU  von  Nea|fel/' 
Jftederiamd,  Airh.  /.  Zooiogu,  1870,  Hoft  :J,  Ahstraot  in  Jahrcab.  it.  d.  forhrhr.  d,  Thkr^ 
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The  Probable  Kelations  of  the  Blood-Colouring  Matter  to 
THE  OTHER  Constituents  of  the  Coloured  Corpuscles. 

Witliout  encroaching  upon  the  domain  of  histology,  reference  must 
be  II  Kiel e  to  tlie  two  principal  views  which  have  been  advanced  in 
reference  to  the  structure  of  the  coloured  corpuscles. 

According  to  the  first,^  which  dates  from  the  time  of  Bidloo,*  Wells,* 
and  Hewson,*  and  which  was  strongly  advocated  by  Schwann,  the 
coloured  corpuscles  of  the  blood  are  vesicular  bodies,  possessing  an 
external  envelope  enclosing  fluid  contents. 

11  lis  view  has  been  revived  and  strongly  insisted  upon  by  Schafer,* 
wlio  brielly  describes  the  structure  of  the  red  corpuscle  in  the  following 
sentence: — "Each  red  corpuscle  is  formed  of  two  parts,  a  coloured  and 
a  colnuilcss,  the  former  being  a  solution  of  hcemoglohin\  the  latter,  the 
so-cjilled  stroma,  wliich  is  in  by  far  the  smaller  quantity,  being  composed 
of  various  substances,  chief  among  these  being  lecithin  and  cholesterin, 
togetlier  witli  a  small  amount  of  cell  globulin."^ 

Acconhng  to  the  second  view,  which,  in  its  present  form,  we  owe  to 
Itollett  ^  and  P>rucke,^  and  which  for  many  years  found  general  favour,  the 
coloured  blood  corpuscle  is  not  considered  as  vesicular,  but  as  a  viscous 
solid  mass  composed  of  a  colourless,  highly  elastic  framework,  the  stroma 
(Iloll(;Lt)  denser  at  the  periphery  than  at  the  centre,  in  the  interstices 
or  trabecHln'  of  which  lueinoglobin  and  the  other  constituents  of  the 
cor])iis(;les  are  contained. 

Without  attempting  to  decide  which  of  these  views,  if  either,  is  the 
conect  one,  it  is  expedient  to  consider  some  questions  bearing  upon 
tliein,  and  towards  the  solution  of  which  we  possess  important  facts. 

Making  for  the  moment  the  assumption  which,  as  will  be  show^n  in 
the  se«[uel,  is  denied  by  Hoppe-Seyler,  that  oxyhicmoglobin  exists  as 
such  in  the  coloured  blood  corpuscles,  the  question  arises,  in  wdiat 
physical  state  does  it  occur?  Is  it  simjdy  dissolved  in  the  liquid 
contents  of  the  corpuscles,  or  is  it  dissolved  in  virtue  of  its  being  in  com- 
l»ination  with  other  constituents?  is  it  in  a  solid  condition?  and  if  so, 
is  theie  any  evidence  as  to  wliether  its  structure  is  crystalline  or 
amor]>lious  ? 

Tlial  tlic  colour  of  the  blood  does  not  dei)end  upon  a  simple  aqueous 
solution  of  liaiuo^^lobin,  is  evident  when  we  consider  that  the  blood 
coi'fMiscles  arc  among  the  soft  }>arts  of  the  body  which  contain  the  least 
watci:'^  and  that  not  only  is  the  water  which  the  coloured  corpuscles 
contain  altoi^^cthcr  insufficient  to  hold  tlie  luemoglobin  in  solution,  but  in 
sonic  animals,  tlie  iKcmoglobin  of  which  is  more  sparingly  soluble  than 

^  A  ivfcK  nee  to  ami  (liscus.sit)ii  of  tlie  earlier  literature  relating  to  this  view  will  be 
f«)Uii«i  ill  (iaiiiL^'cr's  "  IMiysiological  Chemistry,"  vol.  i.  p.  72. 

-  '•  Aii,it->iiii;i  Iminani  cor[iori.s,  1085,"  quoted  by  Mihie-Edwards,  "Lccous,  etc.," 
loiiM'  i.  I'.  ♦■'<■>. 

••    •On  thf  C^.lour  of  the  Blood,"  Phil.  Trans.,  Londou,  1797,  \\  -l-J?. 

•^    llrXSSnl,-s    Wulks.    S;hL    SoC. 

■'  -'(Miaiir.  AiiitoMiy."  Lsi»l.  vol.  i.  pt.  2,  ]>.  '210. 

'■  Ililiil'iii  t<'ii  ana  Krifiid  ;  sin-c  shown  t(»  he  a  iiui-h'o-proteitl.  —  El»lTOK. 

'  Sii-.n,:n<i'.  <l.  /,.  Ah"l.  >l.   }\' is^>  n^rh .,  Wi.-n,  \su'l,  VA.  xlvi.  Abth.  2,  S.  73. 

■"  r»ni<kc  a|.].li.Ml  ih,.  tnni  < h}:o(d  to  tin-  stroma,  ihld.,  Wieii,  lh07,  Bd.  Ivi.  Abth.  2, 
S.  71'. 

•' AonrdiiiLC  to  l'.inii:r,  "Zur  (|uaniitati\(.ii  Analyse  dfs  lUutes,"  Zfschr.  f,  liioL, 
Muiirh.n.  1^7'i.  Bd.  \ii.  S.  ll*],  th.-  Mood  cori.usoU's  iM)ntaiii  3(;-7  parts  of  solids,  ami  63-3 
}«arts  (»r  \v  it'-r  ;  inn^<  ulai-  t  issu<' lontains  al)uut  20  ]'Ci- cent,  of  solids,  aiid  7o  |>er  cent,  of 
water  ;  n'-i\«;s  contain  al.ont  -j-j  per  i-rnt,  ol  solids,  and  7S  ]n.T  cent,  of  water. 
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is  generally  the  caae,  the  whole  of  the  water  contained  in  the  hlooil  would 
not  suffice  to  dissolve  the  hiumoglolnn  stored  tip  in  the  coloured 
corpuscles. 

That  the  hiemoglnhin  is  not  contanied  in  the  hhnyA  corjuii^^cles  in  the 
form  of  infinitely  minute  crystals,  i^  proved  hy  examining  the  tnipusclea 
between  crossed  Nicols,  when  tliey  are  found  not  to  be  doubly  refract- 
ing; whilst  crystals  of  hiemogloliiii,  even  when  reduced  to  a  state  of  most 
miiiute  suUli vision,  are  so,^ 

Flirt herni ore,  no  eiystalline  or  ^fraiiular  structure  can  he  discovered 
when  the  culuuretl  curimscles  are  examined  with  the  higliest  powers  uf 
the  microseupe. 

The  assumption  was  made  hy  Preyer/-  that  hrpnioglobin  exists  in  the 
eorpuacles  in  combination  witli  pfitassium,  alkaline  solutions  possessing  the 
pfoperty  of  dissolving  much  lar^^er  quantities  of  lia mt^gloltin  tlian  pure  wutcr, 
tad  potassium  being  the  most  abuudtint  of  the  mineral  eonj^litucnts  of  the 
coloured  corpuscles  of  man,  though  hj  no  mean^  of  all  anituats?  iJut^  as  a 
nutter  of  fact,  the  coloured  blood  corpuscles  do  not  behave  as  if  they  1  f>ntaiued 
free  hiEmoglobin  in  a  solid  condition,  or  in  solution,  ur  a  solutiun  of  an  alkaline 
compound  of  hipmoglobim  Only  one  proof  of  this  statenient  need  be  given  in 
this  place,  others  Ijeing  adduced  when  discussing  the  leiuarkablej  and^  as  it 
tppears  to  me,  untenable  proposition  of  Hop[K'-Seyler,  tliat  the  bliKidn  olouring 
matter,  as  it  exists  in  the  living  L-orpuscles,  diliers  ivinarkal>iy  in  proj*erlies  from 
hsmoglobiii,  so  that  it  should  be  distinguished  hy  a  sepamte  Jianie  or  names. 
Tbe  one  proof  to  which  reference  i«  made  is  furnished  hy  tlic  fact  Lliat  tlie 
eokiiriiig  matter  of  the  red  corpuHcIes  *m  not  extracted  from  tbem  by  the  pljisma, 
erjerttm,  or  %  fairli^  foncentraM  sididkm  of  neufrai  8a!tf^\  as  wtiuld  be  the 
eiBe  if  they  contained  free  hai^noglohin,  or  an  alkaline  ronijjonnd  of  tliat 
iubstance.*  To  explain  the  fact  that  liiTmoglobin  is  retained  \*y  the  nfrpuwcle.s, 
Hoppe-Seyler  advanced  the  plausible  hypothesis,  tlitit  it  exists  in  Uiem  in 
omnbination  with  some  constituent  of  the  stroma,  and  be  expre.ssed  tbe  oi)inioii 
that  this  consttitueiit  is  lecitliin.  There  are  absolutely  no  grounds  for  the 
btter  assumption  ;  and  it  hiis  indeed  yet  to  be  proveii  that  tlie  pluHphoruscoii- 
tiining  principle  of  the  stroma  of  the  coloured  corpuscles  is  Ici  ithin  and  not 
pfotftgon,  as  had  been  very  positively  asserted  by  Hermann/'* 

Without  attempting  to  speculate  beycuifi  tbe  faetn  which  we  po.sspss, 
it  may,  however,  be  asHumed  that  bnmoglobin  exists  in  tbe  l>lond 
corpuscles  in  the  form  of  a  conipcuind  with  a  yet  unknown  constituent 
ol  the  corpuscle.  Tbig  ffunpruintl,  tbt*  existence*  of  which  wo  are  forced 
to  aaaume,  ii^  cdiaracteriBed  by  remarkable  int^tahility,  for  it  is  deconi] wised, 
letting  free  the  ha-mogloldn,  wliieb  then  passes  into  solution — (1)  when 
Uie  blood  plaKma  or  Hernin,  in  wliirli  tbe  (nrpiisrles  are  su.s]>ended,  is 
diluted;  (2)  when  certain  snbatanees  art  iipwui  tbe  mrpusch's  (ether, 
chlorofunn,  salts  of  the  bile  acids,  eertaiji  [jrodnots  of  putrebn  tiun) : 
(3)  by  the  action  of  heat ;  by  alternate  freezing'  nnd  ttinwing  :  by  indm  tiiui 
shocks,  etc 

'  W.  Prcyer,  "Die  Bhitkrystalk/'  Jenfi,  1871,  S,  28. 

^  Ibid.,  s.  311-33. 

*  G.  Hungipj  **Ziir  qiiantitativeu  ArittU'sp  dej?  Bhitf«,"  ^/w/zr.  /  IHoLt  Maiif^litMj,  1876, 
Bd.  lij.  a  19L 

•  Tbia  is  no  reAl  proof  that  haEtiioglobin  is  not  in  j»<ihitii»n  :  it  h  nvrrfly  a  ."ilritonit'rit  uf 
tbe  f»ct  that  it  is  indifhisiblo  thrnu^di  the  nEaltcreJ  f'nvt'hi]n'  ol  i\w.  turpusulc.  It  in, 
niorwjver,  capable  of  proof  that  the  contents  of  the  nnl  ciirpusclBd  are  eomplctnly  fluid 
during  life.     Cf.  p.  Ifl3,  lines  t»  to  Ti,— KruTnn, 

^  Artk^f,  Anat.  u.  FhyMioL,  Leipzig,  16C6.  8.  33. 
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Hypothesis  of  Hoppe-Seyler,  that  the  coloured  substance  of  the 
corpuscles  possesses  properties  which  differ  from  those  of  hseino- 
globin— Arterin  (?),  and  Phlebin  (?). — It  has  been  shown  that  we  are 
forced  to  assume  the  existence  in  the  coloured  corpuscles  of  a  very  unstable 
compound  of  hirmoglobin.  Hoppe-Seyler,  as  far  back  as  1877,^  expressed  the 
o])inion  that  whilst  the  compound  or  compounds  of  haemoglobin  existing  in  the 
bloo<l  corpuscles  absorb  the  rays  of  the  spectrum  precisely  as  solutions  of 
liaMiioglobin,  in  other  respects  very  remarkable  dififerences  can  be  detected, 
certain  of  these  differences  being,  in  his  opinion,  of  great  physiological 
importance. 

Subseqiiently,^  Hoppe-Seyler,  returning  to  this  subject,  endeavoured  to 
pr(jve  by  a  variety  of  argiunents  that  such  are  the  differences  between  the 
proi)erties  of  the  colouring  matter  as  it  exists  in  the  coloured  corpuscles  and 
pure  hjemoglobin,  that  we  cannot  logically  assert  that  they  are  identical.  He 
examined  in  (h^tail  the  differences  in  behaviour  which  had  l)een  observed  by 
himself  and  by  others,  between  the  blood-colouring  matter  as  it  exists  in  the 
('or[)Uscles  and  solutions  of  pure  oxy-  or  reduced  h?emoglobin.  He  referred  to 
tlie  undou])ted  fact  that  the  colouring  matter,  as  it  exists  in  the  coloured 
corpuscles,  is  nnt  dissolved  out  by  serum,  liquor  sanguinis,  or  saline  solutions, 
of  a  certain  strength.  It  does  not,  he  alleged,  crystallise,  nor  readily  yield 
its  dissociable  oxygen  when  heated  in  vacuo ;  it  readily  decomposes  peroxide 
of  hydrogen  (H ,().,),  setting  free  ordinary  inactive  oxygen,  and  is  not  oxidised 
during  the  process;  a  solution  of  potassium  ferricyanide  does  not  for  a  long 
time  attack  the  blood  corpuscles,  or  convert  their  colouring  matter  into 
metlhTmnglo]»in. 

On  the  other  hand,  a  solution  of  oxyluTmoglobiu  (or,  as  Hoppe-Seyler 
preferred  to  express  it,  of  fJie  oxi/h(€moglohinSj  so  as  to  recall  the  fact  of  the 
minor  diilereiKtes  ])resented  by  the  ha?moglol)in  of  different  sjiecies  of  animals) 
is  soluble  in  serum  or  in  blood  plasma,  or  in  solutions  of  the  neutral  salts; 
it  (Tyslalliscs  with  greater  or  less  facility,  according  to  the  animal  whence 
the  itlood  is  olilained.  When  thoroughly  pure,  it  has  scarcely  any  |K)wer 
of  decomposing  1I.,0..,  but  under  the  influence  of  this  body  it  is  readily 
oxidised. 

Sohitions  (.f  crystallised  oxyhaMuoglobin,  Hoppe-Seyler  maintiiined,  give 
up  tlicir  (lis><uia])l('  oxygen  with  diniculty  and  incompletely,  when  heated 
///  nin/n.  When  blo()(l  is  saturated  with  C<  >,  this  gas  can  subsequently  be 
cntiicly  rcinovcd,  ]>y  passing  a  stream  of  hydrogen  gas  through  it  for  some 
h«»uis,  or  1)V  loUL^'-fontinued  boiling  in  vacuo.  On  the  other  hand,  when  a 
solution  of  (.xvhicmo-io]»in  is  saturated  with  CO,  and  the  solution  is  heated 
///  nf'f/n^  llic  jM.isonous  gas  is,  Hoppe-Seyler  stated,  given  oil'  with  great 
(lilliculty  and  in<-oinplctely. 

Lastly,  highly  dilute  solutions  of  potassium  ferricyanide  readily  convert  the 
oxyh;i'in<».:l..l.in-  into  meth.T'moglol»in. 

The  cviilriKc  by  which  Hoi>pe-Seyler  endeavoured  to  prove  that  the 
pro]M'iti<'s  of  the  ]>lood-c(»lonring  matter,  as  it  exists  in  the  cor])Uscles,  differ  so 
gi'catlv  from  tliose  of  lupinoglobin,  that  wc-  cannot  with  truth  say  that  this 
IxkIv  <'\i-ts  ill  them,  is,  on  every  single  ])oint,  of  so  unsatisfactory  a  character 
as  iiMt  lu  -t  lU'l  ;i  uioiiient's  investigation,  and  would  lead  us  to  reject  his 
li\  lM.tli('>i-,  rvcii  if  wc  ha<l  not  Imm-ii  j)laccd  in  j)ossession  of  some  remarkable 
fa<'t>  l.rMiiiiu  on  tlii>  -ubjcct,  wliirli  have  l)een  ascertaineil  by  the  method  of 
s|.('rti(.pliMt..iiicti-y.  The  noii-rry-lallisalioii  nf  the  colouring  matter  as  it 
exist-  in  tli<'  cnlourcd  coriniscli-s  might,  were  it  I'eally  true,  well  be  exjilained 
]>v  the  fa<t  that  lia-mo^johin   does   not  exi-t   in   a    free   state,  l)nt  is   combined 

S.  :;sl. 
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«ilk  anollier  constituent  of  the  corpuscle  ;  but  the  statement  itsetf ,  as  made 
br  Hoppe-Seyler,  is  incorrect  Although  tlie  fart  hm^  been  denied  by  some 
writers;,  there  can  \yp  no  question  whatever,  on  the  evidence  f>f  so  ennnent 
m observer  diS  Kubne,^  as  well  as  of  Ftinke/-  l^risej^ger  and  Bruch,''  llottiher, 
KoUiker,  L.  Bade,*  Owsjannikow/''^  Riclmrdsnn/^  and  Klebs,  that  what  Preyer 
tenns  "  intrai^lobular  crystalhsation '*  can  and  (l*»es  orrnr,  i.e.  a  single  cryskil 
forms  in  the  interior  of  a  coloured  lilood  corpuscle.  The  process  is  most  easily 
folk* wed  ill  the  blooil  corpuscles  of  certain  fishes/  tliouf^h  it  has  also  been 
abeerved  in  tUoee  of  the  dog  (Kidinc)  and  of  llic  rat.*^  The  nio^t  remarkable 
Ikct  with  regard  to  intraglobuhir  crystallisation  is,  that  wlien  water  is  added 
to  a  preparation  exhibiting  it,  the  crystal  at  once  »lisap|jcarsj  and  the  cor- 
pitfcles  resmne  their  original  appe^^niiice.'' 

Agauiy  at  first  sight,  tlie  difference  iu'  behavioui  of  tlie  hlootl  corjjuscles 
and  of  htemofjilobin  towartU  peroxide  of  hydrogen  appears  thorouj^^hly  in 
JbToor  of  Hoppe-f^eyler  s  hypothesis.  It  was,  lunvever,  sliown  hy  JJergenj^^ruen, 
wha  fiist  discovered  the  facU  in  ref^n-ence  ttJ  ILJI,,  that  the  decoinposint^^ 
ictioa  exerted  by  the  blood  corpuscles  on  UXI2  'h^penrls  upon  their  stronia, 
Solutions  of  perfectly  pure  cryst^^ils  of  oxyha.imii^lohin  have  no  action  wliat- 
ertr  on  peroxide  of  hydrogen,  whilst  the  stroma  of  the  colourcil  l>lood 
catpuaeles  exerts  an  inteni^e  action.^  All  forms  <if  ]irotnjflasni  (splenic 
cdls,  colourless  corpnscles,  yeast  cells),  decompose  HfK,  Diou-Lrh  the  stroma 
of  the  coloured  corpuscles  acts  most  powerfully.  The  fact  of  the  decom- 
posing action  being  exerted  by  the  stroma,  and  the  stroma  only,  explains 
visT  the  blood  corpuscles  are  not  oxidised  whilst  ox y haemoglobin  is  so,  the 
colonriDg  matter  in  the  corpuscles  not  coming  in  contact  with  the  unde- 
ODm]:»osed  H.jOg. 

The  greater  readiness,  as  compared  with  jain^  ha  in<>globin,  with  which, 
lfcr>rding  to  Hoppe-Seyler,  the  blood  cor[aisr]es  give  np  eitlier  the  oxygen  or 
Uie  carbonic  oxide  which  may  be  comhinetl  with  tlieir  colonrini^  matter  (if  the 
ficte  were  true,  which  we  are  not  preprtreil  to  admit),  w<miM  be  much  more 
probably  dne  to  a  katalytic  a<:tion,  exerted  l>y  some  other  cons litn cut  of  the 
oorpu^cle,  tlian  to  any  radical  (lilference  between  the  1  olouring  nnittcr  of  tlie 
corpuscles  and  haemoglobin. 

The  one  point  of  dilference  between  the  colouring  matter  of  the  cor]>nscles 
tad  oxy haemoglobin,  which  at  first  sight  appears  most  difficult  Ui  explain,  is 
the  action  of  Bolution  of  potassium  ferricyanide.  As  vi>n  Mering*-*  slioweO,  if 
freth  defibrinated  blood  Iw  mixed  with  solutions  conlaining  2/.,  5,  an«1  10  per 
cent,  of  the  ferricyanide,  the  mixture  assumes  a  scarlet  colour,  and  even  nfter 
twenty-four  hours  contains  the  blood-colouring  matter  Tuiaitered.  On  ailding, 
however,  the  same  solution  of  the  fernryanide,  in  the  saiaf  pro[>urtions,  to 
solutions  of  pure  oxyha-moglobiit,  they  assume  fffinnsi  hiafanfanftmslij  the 
ooloar,  and  exhibit  the  spectrum  of  methnemoglobiu, 

iW.  Ktihue,  Vitckow's  ^iT€hu\  Bd.  xxxiv.  S.  123. 

»  *'irebcr  Hlatkry?italIieatioji,'*;?ritar/fr./,  rat.  Mi*L,  IS52.  NJ'\,  Ti<l.  i.  S.  2a,«^-i>P2. 
»'*  Bint krvslw lie,  and  organisi^ho    Krystalli^  ncl-erhaujit "  {\t)\\\   Sr-pl.   aii^l  15L]i  0<'t. 
m2),  VtrhantU.  d,  ntUuif.  Oesefhch.  in  Ba^t:/,  lSii4-l?iru,  Hd,  i.  S.  17r;-18a. 

*  '* Observations  ujwin  the  Nattin^  of  tlio  Red  llloutl  ( 'urpiisulea. "  Quarf.  Jauni,  Alitor. 
Sc,  Londozj,  1S6^,  pp.  32  43. 

*  "Zur  Histoloji^ie  der  Blntkorpcrrluan/'  livfL  AcmL  d,  irr.  dr  St,  Pt'tersbrmrfj,  vol.  viii. 
PP*  561-572  (di*scrdjes  iutraglohiiliir  cryslulhsatinii  in  Oittiwruf  t^pi-rhDuis). 

*  "Stractiire  of  the  Red  Blood  Corpuscles,"  PUiJadt'Ijihia,  1870  (describcg  intrnglohiilar 
ctytUUiaAtion  in  MfJwbraHchua). 

'  Euhne^  see  W.  PreyerT  **  Die  Blittkrj'»talle,'\Jriitt,  1871,  S.  2  unrl  *i.  8pe  ako  Femke's 
*'Atlaii  of  Physiologic*!  Chemistry"  iLoodan.  iirintcd  for  tlit^  ruwiolj'fh  .Soricty,  ISCt'S], 
PUte  r.  fig-  .Ij  and  the  description  at  p.  17  of  tht^  *•  D<^HrTi|itioii  ofthi'  I'liitcs." 

•Fuel  fiergengnjeii,  **Ueb*iT  dici!  Wocli^Kchviiknn;;  zwiy^'hen  WasscrslolTrtiilMioxyil  niid 
WBGhtedenen  Protopla/*inafornK'0,"  hiniig.  Dish.,  Durpnt,  1S8S. 

•**UelH?r  dit*  \\  irkung  des  ferricymi.  Kidiiiiii  .lut  Hint,"  Ztschr.  f.  physioL  Chem., 
Stfusbiirg,  1883,  Bd.  viih  3.  ISO,  18^. 
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The  extras rdinnry  difforent^e  iu  Llie  rcsiilt  predigposea  uii«  at  fii^t  to 
conclude  that  it  must  be  due  to  a  radical  dilference  bctwen  the  colouring 
matter  of  the  eorpu^sclea  and  oxylisemoglobin,  such  m  Hoppe-Soyler  believeci  to 
exist  If,  however,  instead  of  the  solutioDS  mentioned  above,  solutions  ten 
times  more  dilutes  (ccmtaiumg  0'25,  0'5  and  1  per  cent)  \s%  mixed  with 
defibrinated  blood  iu  the  same  prDportions  as  before,  the  mixture  assiume« 
instantly  the  citloiir,  and  exliibita  the  spectnira  of  methaemoglobin.  In  this 
case  the  dilute  solution  extracts,  in  the  lirst  instance,  the  blood-t'^lourijig 
matter  from  the  corpu  icle,  imd  then  the  ferricyanide  acts  upon  the  solution, 
exactly  as  it  doe  3  wlen  brought  in  contact  with  a  solution  of  cry  stab  of 
oxyhaBmoglobin.  The  fact  that  llie  strong  solution  of  potassium  ferricyanide 
does  not  act  ii|nni  the  crtkmring  matter  of  the  blood  corpuscles^  is  due  to  its 
incapacity  to  rcacli,  in  the  first  iiistance.  tho  oxvhiemtiglobiu  of  the  corjmat*les. 
In  this  case  aku,  it  apiJCii  sufiposeil)  between  the  colour- 

ing matter,  as  it  exists  ir  mscles  and  solutions  of  haemo- 

globin, is  only  an  ap|mre 

Though  closely  con'  which  ha«  been  discnsised  in 

this   section,   the  view  tee  that  he  has  succeeded  in 

establishing,  in  additioi  lyhaemoglobin,  tho  existenco  of 

at  least  three  additional  dth  hotmoglobin,  all  ixLsisessiiig 

the  spectrum  of  oxyha?ii  n  elementary  composition  aad 

in  their  capacity  to  corn!  %  referred  to  under  the  heading 

of  "  Oxyhsemoglobin/'  bn,  however,  that  these  views 

have  been  completely  dij  supi>oaed  individual  oxyhae^ino- 

globins   of   Bolir    being   **4^L:i  ,i^      \i   pure   oxy]ia^mogli>bin    with 

products  of  it;5  decomposition^  ^ai      •esult?  of  tlie  nietliodfi  of  pre- 

paration followed  by  the  Scandinavian  ooservex. 

We  have  ^howu  that  even  admitting,  for  the  sake  of  arginnent,  the 
correctness  of  all  liopfte-Seyler's  statenient^,  these  when  carefully  analysed 
aflbrd  no  evidrncii  whatever  in  support  of  his  bold  Jiypothesis,  Whilst  sucli 
is  the  case,  the  .^^plendid  investigations  of  Hiifner^  have  conclusively  proved 
that,  in  respect  of  its  power  of  combining  with  oxygen,  the  blood-colouritig 
matter,  as  it  exists  iu  the  coloured  l>lood  corpui^cles^  behaves  [ireciaely  as  a 
solution  of  pure  lu-emoglobin  of  the  same  concentration.  Further,  by  the 
method  of  spec Irophotome try,  Hiifner  has  shown,  as  could  be  done  by  no 
other  method,  tljiit  the  colouring  matter  of  the  blood  is  oMe— haemoglobin— 
and  that  in  every  i^pecimen  of  living  blood,  this  colouring  matter  exists,  partly 
as  oxyhremoglnliiu  and  partly  as  reduced  ha?nioglobin. 

The  discus.-inii  which  has  preceded  will  have  prepared  the  reader  for  the 
conclusion,  wliirh  ap[>ears  to  be  the  only  one  which  can  legitimately  l>c  based 
upon  the  fact^  in  our  possession — to  wit,  that  whilst  oxyha-nioglobin  and 
reduced  haeni' i^^ljbin  exist  in  the  coloured  blood  corpuscles  in  the  kirm  of 
loose  or  unstiljlc  cumbiuations  with  some  other  constituent  of  the  corpuscle, 
evidence  is  altogether  wanting  in  support  of  Hoppe-Seyler'a  contention  that 
the  blood  colouring  matter,  as  it  exir^ts  in  the  corpusclea,  [Kissessea  properties 
so  different  frtnu  those  of  oxyluenioglobin  antl  of  reduced  li^moglobin,  ai  to 
warrant  its  being  looked  upon  as  a  distinct  substance,  to  be  distinguished  by 
a  dillerent  name.  IIoi)pe  Soyler  suggested,^  indeed,  that  the  colouring  matter 
of  arterial  blood  should  be  called  Arterin^  to  distinguish  it  from  oxyhaemo- 
globin,  whilst  that  contained  in  venous  blood  should  be  named  PhlebtJi,  to 

^  "  Ueber  die  VerbiiKluiigcn  dos  Hiiniofjlobins  niit  SauerstofT,"  "Ueber  die  specifische 
Saiierstoiriueiige  dvs  lilutis  iiml  die  Hedcutung  deisclbeii  fiir  deii  respiratorischen  Stoff- 
wecbsel,"  CeiUralbl.f.  rhusiol.,  Lei})zi^'  u.  Wieii,  1890,  Bd.  iv.  S.  242,  254. 

-  In  tbis  ]>la('e  it  is  only  necessary  to  refer  to  one  of  Iliifncr's  papers.     See  G.  Hufner, 
"  Nene    Veisucbe  zur   Bestimniung  der  SauenstoH'caiMicitat   des    Blutfarbstoffs,"  Arch.  /, 
Physio/,,  Leipzig.  1894,  S.  130,  176.     Refer  ].arti(-ularly  to  pp.  130,  134,  175,  176. 
^'^  Ztschr.f,  physiol.  Chcm.,  Strasslmrg,  1889,  Bd.  xiii.  S.  495. 
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(iJatrngiiiBh  it  from  reduced  liBBinoglobin  !  The  oiiiy  distinction  which  Iloppe- 
SeflerlooDd  toexi.st  lietween  'Varterin  "  ami  *'phlebinV'  consiHted  in  the  allo^^ed 
gTMter  eaae  with  which  tJie  liyjwthetic  al  constituent  of  arterial  blood  yielded 
Wa  dissociable  oxygen,  wlien  boiled  itt  vaeu*/,  a.s  compared  with  the  liypo- 
thetical  constituent  of  venous  blood.  To  establi^sh  tljis  alleged  difference 
between  arterial  and  venous  blood  would  require  a  body  of  experimental  fact*?, 
uch  a»  does  not  exist  Even  were  the  ilill'en  nee  sliuwn  to  he  a  real  one,  it 
fouki  in  no  way  support  the  hypothesis  uf  a  radical  diflerence  l>etween  the 
oolbaring  matter  of  arterial  and  venous  blood.  Hut  the  investigations  of 
H^ner,  which  have  proved  with  niathematii-al  accuracy  that  the  colouring 
natter  of  the  hloml  behaves,  b«4li  in  so  far  as  its  optical  characters  and 
it*  relations  to  oxygen  are  concerned^  precisely  a^  a  solution  af  liienioglohin, 
md  u  th**  otdtf  c/)l^urf'*f  roni^titiwnf  of  iht'  mrptifif'fes^  crinipletc  the  donionst ra- 
tion of  the  erroneous  nature  of  the  hypothe^i.'i  advanced  by  lIopi>e-Seyler 
OQ  this  subject* 

oxyh.^:moglobin. 

Methods  of  Prepahatiok. 

Introductory  remarks. — It  ha^  already  beeii  .stated  tliat  the  blood- 
colouring  matter  of  diiferent  speeiea  uf  aaiiiuils  is  iicd,  in  all  jiarticulare, 
ate<dut4*ly  identical  Althougli  hehaviiijT;  in  the  sauie  uniTiner  in  refer- 
ence t*:*  the  gase«  with  whie!i  it  vmi  comlnne  to  fmui  more  4»r  less 
easily  diss* »eia ted  eoinpouuds,  and  whilst  pHssessiiiLC  i < lei i lira  1  powers  of 
ibeorbing  the  ray.s  of  the  speetniin,  the  lueini>globiij  of  diilereut  animals 
exhibits  ditterenees  (l)iri  erystrdline  form,  (2)  in  scduhility,  ('V)  in  the 
quAntity  of  water  of  crystallisation.  (4)  in  ]iereeiitage  coinpo.sitioii. 
These  differences  will  he  carefully  examined  in  the  sequel,  lint  attention 
is  drawn  to  them  in  this  iihiee,  in  relation  to  anoHirr  j joint  of  dilTerence, 
Minely,  the  variation  in  the  facility  of  sepui:itih|4  lia'moL;!t>ijin  in  a 
crystalliiie  form.  From  the  bhiod  of  certain  aniukals,  tryslalK  of  liicuiu- 
globin  can  most  readily  be  |)reppared.  whilst  in  other  (as^^s  tbe  task 
]A  one  of  very  cviUHideralde  diffirully.  Amonj^  tbe  conditif>ns  whieh 
inllijence  the  result,  the  degree  tA  solulMiity  of  the  hlood-eob>uring 
matter  is  tbe  chiei  Thus  the  Idood  of  the  rat,  the  *^niine!i-pig,  and 
the  squirrel t which  contains  the  least  soluble  hainoglobin,  yields  ciystals 
with  great  facility ;  wlulst  the  blootl  of  man,  and  that  of  the  domestic 
herhivumns  animals,  which  possess  bicmoglobin  tif  rcmnrkable  sidu- 
bility,  yields  crysUils  with  extraordinsny  diliiculty.  It  is  imjMJHsible 
to  state  with  accuracy  the  relative'  facility  <tf  crystjillisation  of  the 
bienaoglobiii  of  different  animals,  but  the  followini^^  statements  un^  pro- 
bably correct.  The  l>^>od  of  the  rat,  the  ^uinea'pi;^,  n\u\  the  squirrel 
crystidlises  most  reaihly;  next  conies  the  lilood  (jf  tbe  eat,  tbe  doj^,  and 
tbe  horse;  the  blood  of  man  an<l  the  jag  btllow,  wliilst  that  t>f  the 
rdhhit.  the  sheep,  the  ox,  and  tlie  frog  crysUillise  with  tht*  greatest 
difficulty. 

hi  he  principle  upon  whicb  tbe  majority  ui  tbe  na^tlsods  f<ir  tlie 
i>n  of  h;emoglohin  in  a  crystalline  form  arc  Intscd  is  the 
g: — To  eflect  the  solution  of  tbe  btcmnglobin  (»f  the  ctdmu'ed 
tiacies  ill  the  serum,  or  in  water,  added  in  tbe  ijrevi*>usly  separated 
iscleB;  and  thereafter,  by  the  addition  (d*  alft^hol,  or  of  ether,  or 
^j  v*ie  agency  of  cold,  or  of  both  cold  and  alcohrd  <u-  ethei^  con  join tly, 
lometimes  aided  by*  the  process  of  evaporatirai,  to  cause  the  ha-nio^lobin, 
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which  is  sparingly  ohihle  in  dilute,  aleohol,  especiallj  at  low  t^uif^em- 
tures,  to  crystalJisf!  In  the  eane  uf  auiiuak,  tlie  luvmogloljin  of  whose 
blood  is  very  spari  :ly  siJubie,  the  addition  of  alcohol  or  ellier  ift  often 
dispensed  with.  e  .shall,  in  the  iirst  pUice,  tleaorihe  those  inetliodB 
which  readily  iwxn  h  h;einogh.ihin  crystals  for  tlie  piirpoaeB  of  micro*  j 
scopical  research,  j  id  tlien  the  methods  which  are  employed  f(»r  the 
preparation  and  pn    ticatioo  of  large  quaiititiefi  of  haemoglobin. 

Methods  exxr^  jred  in  preparing:  small  quantitieB  of  haemoglobin 
for  microscopic  e  rmination.^1.  Fnnlrs^  tiutlwfl} — From  tlie  blond  nf 
those  animals  wh<  e  l)lof»d  erystailises  readily,  Init  especially  in  the 
case  of  the  rat,  oxy  iemnglobin  CcUi  be  obtained  for  mierrhsco]>ic  exami- 
nation in  three   or  four  minutes,  by  receiving  a  drop  of  Idnod  on  a 


glass  shde,  adding  r 
by  means  of  a  needl 
of  the  slide.     Whe? 
with  a  microscopic 
once. 

2.  Rollctt's  meth 
mixture,  and  freshl} 
it  into  a  lump  of  rer 
an  hour  the  blood  i 
capsule  are  poureu 
bottom  is  covered  \ 
the  glass  vessel  is  then 


iev,  mixing  tlie  two  liquids 
nature  over  tlie  eentral  f»art 
idd  i.nmmenee  tn  dry,  cover 
.ak  nf  ha'moglobin   form   eiI 

I 
ide  is  placed   in  a  freezing' 
oured  into  it,  bo  as  to  convert , 
\\m  freezing  mixture  ff>r  lialf 
ally,  and  the  contents  of  the 
f  wiieh  diniensionB   that   the 
etl  tduud  to  a  depth  iif  15  mm,; 
;i  eo<*l  place.      In  a  short   time, 
the  blood  of  rats,  of  i^niinea-pi^?,  iiua  uf  squirrels,  treated  \\y  i\\m  method, 
furni.slies  well-forme*!  eiyj^talH, 

.*}.  Gscheidlcnfi  tfiff/fufL'^^^]  ^eiUiviiviivd  bluud,  wliieh  lia8  been  exposed 
to  the  air  for  a  period  of  twenty-luur  iHsnvH,  m  sealed  in  narrow  glass 
tul)es  (vaccine  tubeB  answer  well),  and  tliese  tubes  are  then  placed  in 
the  inc\djator  and  ke]*t  a  temperature  of  aljout  H7'  C  for  mnue  days. 
On  opening  the  tulles  and  enijitying  tlieir  contents  intf*  a  watch  gliis^s  or' 
on  a  glass  slide,  and  ;  ill  owing  snnio  tinie  for  evajioration  to  take  place, 
crystals  of  extraordinary  size  are  obtained. 

4.  Mar  SchuUzcs  method.^ — Defibrinated  blood  is  heated  (on  a  warm 
stage,  in  the  case  of  a  microscopic  preparation)  to  a  temperature  of  GO""  F., 
when  the  coij)Uscles  dissolve  and  the  blood  becomes  lake-coloured;  it 
is  then  allowed  slowly  to  cool  and  to  evaporate.  This  method  may  be 
emi)lo}ed  with  large  quantities  of  blood,  and  l*reyer^  found  that  by  no 
otlier  niethod  did  he  obtain  as  fine  and  as  large  crystals  from  horse's 
blood. 

In  addition  to  the  four  methods  which  have  been  above  described  as 
most  conveniently  Welding  crystals  of  oxyhiemoglobin,  when  these  are 
desired  on  a  small  se<ale,  there  are  many  others  which  have  been  employed, 
and  which  occasionally  give  good  results. 

Thus  liollett^  found  that  when  induction  shocks  were  passed  through 
blood,  it  Ijccame  lake-coloured  and  yielded  crystals  of  luemoglobin,  and 

1  Ztsrlir.f.  rat.  Med.,  1851,  S.  Ibf*. 

'  "  Versuclit'  uiid  l>eol>aclituiigen  am  Bluto,"  Sihungsb.  d.  k.  Akad.  d.  Wisscn^h., 
Wieii,  ]8»3:3,  15.1.  xlvi.  S.  77. 

3  Arch./,  d.  <iC8.  J'/n/sioI.,  Vxnm,  1878,  lid.  xvi.  S.  421. 

■*  "  Kill  lieitzliaror  Ohjecttiscli  uiid  seine  Verwcndiing  bei  Uiitersucliuiigen  des  Blut<;s," 
Arch.  f.  )nikr.  Aiiat.,  r»onn,  18«>r»,  Hd.  i.  S.  31. 

^  ''Die  lilutkiystillo,"  S.  '23. 

^  SitzuiKjsb.  d.^k.  Akad.  d.  Wissnu^ch.,  Wieii,  18.'i2,  Ikl.  xlvi.  S.  75. 
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.VNhijinlt^  made  the  a^mie  obtseivatioii  iti  reference  to  the  bLioci  near 
fjjt'  jHtsUive  pjle,  wlieu  this  lu[uiil  iy  Hulijeeted  to  the  action  of  a 
ronstaut  curi-^nt. 

Withuut  uudergoing  auy  other  tieatuient,  tlie  bluud  of  asphyxiated 
azumalB  often  crystallises.  Bhioil  which  liati  been  deprived  of  its  gases, 
bj  boiling  in  vacuo,  often  crystalliseH.  Indited,  l»y  this  method,  Preyer^ 
aqcceeded  in  the  %^ery  ddheult  task  uf  erystalli.siug  sheej^s  bhjod. 

Methods  of  preparing  considerable  quantities  of  oxy haemo- 
globin.— Certain  of  tije  uicthnds  aheady  reeom  mended  for  the  pre  para- 
twii  of  h*emoglobin,  when  small  fpiantities  indy  are  needed  for  the 
ptir|wTi8es  of  microseopic  investi^ration,  might  Ije  emphiyetl  in  the  pre- 
paration of  larger  i|uantities.  Other  processes,  however,  are  to  be 
preferred,  and  of  these  sunie  whidi  it  re  speriftUy  iu  be  lei  niinjieinled 
am  given  lielow.  Of  these  ]a<aertses,  the  first,  tir  Hnfner'y  mndilicalion 
4  iu  sht»iild,  liy  preference,  be  employoit,  espccijilly  if  a  jireparation,  as 
tree  aa  possible  from  products  of  decompositiun,  lie  desired.^ 

HopjMr-Sei/ltrs  tmthoffj — IJetibrinated  bhtud  is  mixed  with  ten  tinjcs 
its  vohime  of  a  sohition  of  sodium  chloride^  (made  by  dilutin*^^  one 
Tuliune  uf  a  satuiated  solution  c^f  Nat'l  witli  idm:  VidiuueH  of  water), 
and  the  mixture  is  poured  into  slmllf>w  basins,  which  are  set  aside  in  a 
cool  pbice,  so  as  to  alhiw  the  greater  part  uf  the  bhjod  corpuscles  to 
lettle.*  The  Hupernatant  li<|uid  is  deamteil,  and  the  maj;;;ma  of  corpuscles, 
mixed  with  a  small  ^piantity  of  water,  is  pouretl  into  a  stoppered 
sepamtiog  funnel  Tlie  coidcnts  uf  this  funnel  arc  treated  witli  an 
qiial  volume  of  ether.  After  rci>eatcdjmt  not  tim  n  iolcnt,  ai^ntntifkn, 
the  deep  red  aqueous  sol utHui  is  sejiaratcd  fnuu  the  supcrualaiit  ether, 
and  Hltered  as  quickly  as  pnssibh*.  Tlic  clear  icd  filtrate  cor>h-'il  li»  0  U 
is  then  mixed  with  one-fourth  of  its  volume  uf  absidute  alcohol,  likewise 
ooole<l  to  0"  C  The  mixture  is  then  maintained  for  a  crniple  of  days 
(and,  if  erystallifiatiou  has  not  occurred,  even  longer ), at  a  tcnjpcratme  of 
*5^  C.  to  -10"*  C.  In  a  period  varying  bcLwcco  twcuty-hun'  ami 
forty-eight  hours  crvwtallisatiun  has  nsiisdiy  mci  in  rcib  and,  uuiess  the 
solution  of  h:cmngh>bin  was  too  dihitc,  the  whulc  of  llic  liquitl  has  set  into 
amafis  of  crysUils.  The  crystals  are  now  ccdlected  nn  a  liltcr  (the  process 
rf  filtiT^tion  lining  carried  on  at  as  low  a  tem]>erature  as  possible,  in  any 
case  below  0'  C)  and  washed  several  times  with  a  previously  cunled 
mixture,  eomposed  of  one  vnhime  of  absnhite  alccjhol  ami  four  vfahiujes 
of  distilled  water.  Hie  hlter  with  its  cojitents  is  now  jilaceil  between 
sheets  of  filtering  paper,  and  as  much  as  pnssiljle  of  the  adhcrnig  mother- 
liquor    is    removed    by    gentle    pressure.      The    oxylai'mogloluu    thus 

*  "Zisr  KiystallisatioiMtes  liluteM,"  Firchow»  Arnhiv,  18C1,  VA,  xxix*  S.  29. 

*  **Dic  Bltitkrptaile/'  S.  19  and  20, 

'  The  blood  of  the  dog,  and  e«|)eoiallj  of  the  lior^o,  ari^  t«j  tit*  |>r<^f«'rn'rl  for  tin.'  |iii'|>aiiiUnn 
of  Urge  iiuan titles  of  uxjlni*UM>globin.  As  thv  mjijlths  uf  ihc  Naiious  ojunitious  ili'|ieiids 
upon  their  bcija^  t'otidiictctl  at  a  low  tcitipiiature,  Ihu  {in'[nirati<Jii  of  h:viiio^loMEj  for  |iui  jiuist'S 
01  reaurcii  should  uiily  he  attempted  in  Ih"-  dt"j»tb  M'  w'lwWv. 

*  "Bflttriige  smr  keinitnisi*  des  HluUvs  i\{is  Ab'Tisrhtri  urt'l  ilor  WirlH^ltlden,"  Mai. 
Chem,  UnUrmuik.,  Berlin,  186B,  S.  170,  180-18'^  '^  Hatulfnn  h  d,  iilijsiolo^dsclK  diciii* 
AoAlyBC,'*  Berlin,  Um,  Aiifl.  0,  8.  271. 

•In  the  pre  i»a  ration  of  luvmuglohin  fioni  tljf^  Mooi]  uf  ftinU,  amjihiljia,  and  fisli,  sodium 
Iill{>hftt6  Uf  to  be  employed  in  tlic  \i\viiiv  of  soilitnn  t"hlorid<'.  In  tlir  msr  eif  nianiinatmn 
bkod,  it  presents  no  ndvant^i^^cH  over  s4»diuni  i  iiloHde. 

*  lDste»d  of  allowing  the  corpustles  to  si»|*arate,  a^i  deacriticil,  it  is  iJitfiraldr  tu  iinidoy  11 
HOtiiliigml  machine.  Th«  fi4?paratlon  «f  tho  turjiiiselLM  fr«mi  tht?  mix  Lure  of  sfruni  anl  wilt 
iolatioa  is  not  only  very  nuicli  mort;  rapid,  tut  mIho  Timuh  more  coniplutt*.  and  tljoruforo  tli« 
obUtiUDg  of  pure  oxybu^niogloluin  im  facilitate  I. 
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obtained  may  now  h  \  purified  by  beiug  reeiystJiUiBcd,  With  thin  objcMit 
the  moist  cryhtaly  a  e  removed  by  lue^uja  uf  ti  Hjiiilula  Irinii  the  filter, 
and  placed  in  a  tla,  k  or  beaker,  and  abimt  Uuue  times  their  volume 
of  distilled  water  is  idded.  The  niiKture  ia  beiited  to  55'  C,  the  solu- 
tion filtered;  the  lilirate  is  cooled  to  O""  C,  and  to  every  four  voluiiieA 
one  volume  of  abso]  ute  alcohol,  cooled  to  0"'  C,  m  added.  The  mixture 
is  then  cooled  to  -  ^  °  C,  or  -- 10^  C. 

When  the  oxyhi*  iiioglobin  wejiaratesa^aiii,  thin  proees^s  *>f  ery^tallisa- 
tion  may  be  repeats .  tive  or  eveu  nix  tiiueH,  piuvidiii^  the  temperature 
at  which  the  variouis  uperatinns  are  ctmtlueLetl  be?  a  very  low  t>ne.  The 
recrystallised  hLLmiiglobtu  obtaiiietl  by  these  jjroQeHseB  may  be  empkiyed 
to  make  standvrd  8olutioua  of  tht5  brulv.  or  it  may  l»e  tlried.  It  is  very 
questionable,  liowever,  lUising  uf  oxyba^UiOf^lobin  m 

advisable,  for  nju^ouB  t<  iiig  ]n  ubal>ly  ln*tter  to  jmrii'y 

the  crystals  by  re]>ea  i-eold  water.     llu]ipe*St:»yler 

states  that  oxyba  ljui;  i,  witiiuut  deeomjKiaitioii,  in 

vacuOy  at  a  temperali  d  at  a  bij^ber  temperature  it 

assumes  a  dark  coloui  dy  i^obilde  in  distilled  water, 

Ziuoffsky,^    who  v  i^Iobiii   jirepared   from    the 

blood  of  the  liorse,  fi  1  out  in  \ery  thiii  taycrs,  it 

could  be  dried  tn  mr  ami  undergohig  deeomposi* 

tion,  at  a  temjieratii,  !.     lie  foniid  that  the  oxy- 

hemoglobin tbus  ]ire]  /  *     ultle  in  dintilled  water,  and 

that  the  solutiou  wria  not  p  )y     ftii  acetate;  proving  that  no 

methiemoglobin  bad  been  fonuetK 

Htumoglobiu  w'hidi  lias  been  dried  in  ranhK  ^tVi^r  sulphuric  acid  nr 
phosx)horic  anlivdrule,  at  a  tismperaiure  of  0  (  \.  may  be  heated  to  110"  C 
or  115"  C,  without  uudergoiug  any  deeoujjHtyitioiL 

Modificatwns  of  Ilop/tC'St'i/krfi  mrthotl^a)  Among  numeroun  modi* 
fications  may  l>e  mentioned  one  euiployed  by  Hufuer/^  and  which  may 
with  advanta^^e  l»e  adopted  in  laborutorie8  jirovided  witli  eentrifugal 
machines.  Tbe  blood  is  not  treated  witli  salt  snlutinn,  bitt  tlie  eor|iimelefi 
are  sei)arated  Ijy  tbe  action  cjf  the  eentrifuge  alone*  CjrysUils  tlnis 
obtained  are  lieatcd  witfi  iee-t.'old  water,  sepai'ated  by  tbe  eentrifu;^*.*, 
and  this  pro(.'e.sH  repented  several  time!^.  Finally,  the  cryyl4iiy  are  dried 
on  porous  }>latey  made  of  c*dlul<jse,  fir  nolutions  are  made  of  the  yet 
moist  crystals,  and  the  percentage  of  hie!uoglnbin  in  them  determined. 

(//)  Tlie  (b'tibrinstted  blood  of  the  dog  ia  mixed  witli  itt^  own  volumii 
of  distilled  water,  and  tbe  diUited  lluid  i^  treated  with  mut-fouilh  its 
volume  (^f  abohoL  The  mixture  m  kept  for  twenty -four  hom-K,  at  a 
tempeialure  wbich  inui^i  be  biwcr  than  0  (\  Tlie  ery,HtiilH  which 
separate  are  (bssolvrd  in  about  three  tinicH  tlieir  bulk  iff  .li^nHi-d  water, 
at  a  teui])erature  of  oO°  C,  and  the  solution  being  cooled  to  0°  C,  a 
fourtb  of  its  volume  of  absolute  alcohol  at  0"  C.  is  added.  The  liuid 
should  be  ke})t  in  a  freezing  mixture  at  a  tem])erature  of  —  10'  C\  to 
-  20  ('.  for  twenty-four  hours.  The  whole  lluid  then  becomes  eon- 
verted  into  a  magma  of  crystals.  Tbe  jirocess  of  recrystallisation  may 
be  several  times  re])eated. 

^  "  rr])i  1  (lie  (ii.)s>c  <los  Unu\()'^h)\nn-u\o\ev\iU,''  /^fscJi7\ /.  jtJufsiol.  (7/em.,  Stras>>burg, 
18,^0,  B<1.  x.  S.  ir.-.'M.     Sfc  '•IXirst.'lIun^'dfS  Haiiioglcl.ins,"  8.  18-24. 

-  "  li«'itrai;/.ur  Lelne  von  Blutlaih.stoUe,''  Btitr.  '.  JliysioL  C.  Luclwig  r.  s.  70  Geli'rtst, 
cU.,   Lt'i[y/A'^.   l!5^7,  S.   74-81;  an. I   "  Neuc  Ver.suche,  n.s.w.,"  ^rf/t. /.  i7<?/«io/.,  Leij»zig, 


PURIFICATION  OF  H.FMOGLOBIN. 


»W 


(e)  Defibrinated  hlofui  is  treated  with  about  onC'Sixteenth  its 
Tolume  of  ether  (say  31  e.c.  nf  ether  to  500  c,c.  blood),  and  tlie  mixture 
liiakeii  for  eome  mioutes.  It  ia  then  set  aside  in  a  cool  place.  After  a 
period*  varying  from  tweiity-ffuir  lionrs  to  tliree  ilays,  the  liquid  has 
been  converted  into  a  thick  inn^uia  of  cryst^ilB.  These  may  lie  separated 
br  placing  in  tubes  and  usintr  the  centrifugal  ap^iaralus.  The  eakes  of 
crrstak  are  treateil  with  a  mixture  of  one  part  of  absohde  aki>hnl  aud 
fitnr  piirts  nf  distilled  water,  and  again  centrifugal ised.  By  repeating 
this  process  the  er)'stak  are  ultimately  nhtaiued  free  frtmi  serum 
albumuL  The  eryatak  may  tie  dissolved  in  water  and  reerystallised,  as 
(lee»cribed  in  Hoppe-Seyler  s  nietliod. 

In  addition  to  the  uiet!io<lH  de8cril)ed,  many  others  have  been 
suggested,  and  t<i  tlie^e  only  a  passing  reference  need  be  made. 

Tlius  Kiihne  devised  a  method  base^l  np(ui  the  fail  that  tlie  str**ma 
of  the  eoloured  corpuscles  is  dissolved  l>y  the  addition  of  a  watery 
ablution  fif  crystallisetJ  bile  (a  mixture  of  sodium  glycocholate  and 
Uarncholate ).*  Hiifiier^  and  his  pupil  Ottt»  t*ni]»liiyed  a  1  per  cent. 
alc4»boUc  sidution  of  rhiuoline,  \\x  a  watery  snlutii^u  <tf  the  hydrot^hlnrate 
lif  the  same  base,  to  prepare  oxyh;i  niitglobin  frmu  pig's  blniMJ,  thnugh 
Otto  afterwards  found-  that,  by  taking  speciid  precautiipus,  Hnppe-Scyli>r's 
method  is  available,  even  in  the  ease  of  pig's  LJuod.and  iuileed  preieruhle 
(0  all  others. 

Reznajrks  on  the  purification  of  haemoglobin, — It  lias,  nntil  lati^ly, 
been  A^umed  tliat  in  tin*  jm  paoitioii  of  pure  i>x>Ij-i  iuo;4l(>biii  tlie  liody  should 
be  recryBtallist'd  an  frecpieutly  as  [»o.ssil:»b',  witli  the  nbji'ot  of  j^ettin^'  rid  of  all 
fctteea  of  adhere  at  idbutniuous  juid  Malhie  imptiritii^s  i|criv<Ml  fi^ui  the  j>]asum 
or  fk^rutn.  Suiec  spertrophotoun'try  lias  sujtpliid  ns  ivitli  a  uii'tliod  «>f  dt'ter- 
mining,  with  an  accuracy  previously  uniittiiiiiible,  the  purity  i^f  a  <'itloiiriug 
matter,  it  has  been  found  that  althfaigli  oxyli;pinoghil)iri  which  lias  briMi 
rem*st4dHi*i?d,  when  examined  in  the  orflinary  Tuanner,  exldlnts  w  speetnun 
which  appears  identi*^al  with  that  of  the  colouring  laulter  wliieh  has  hren  only 
uikce  crystallisedi  ita  ppectropliotomt'triti  constants  have  clian^^eil  ;  in  i.itln?r 
vorda^  when  oxyhaemoglohiu  is  rccrvstilliseil  it  under^^oes  a  clauige,  possibly 
only  ofTecting  its  phy.sioid^  lait  more  probably  a l]eetiii;(  its  elieiaieal  constitiitiiin 
alio,  Tlie  knowled*^p  of  the^e  fac^tnS  Ijas  csiUHr-d  lliifuer  in  liis  reeent  rci^earehes 
to  employ  hieiaoglobin  which  has  not  l>een  reerystalliserl. 

If  prt^^i^mtioTLS  are  t^ikeii  in  ilie  lirst  instane.e  \a\  sep:ir:ite  (by  tlie  iiiosl,  jierfect 
filtx»tionf  followed  by  prolonged  eentrifiigalising)  all  furined  elements  and  awi- 
ilenUl  solid  inipurities  from  tlie  solution  •►f  hlon^l  etapuselrs  which  is  tn  bo 
crys^talliiiciib  »*^d  if  the  cry^tdliue  mass  of  0x3  lia*nio'^lobin  obl^iinnl  he  rejieatedly, 
■ly  live  or  six  times,  treated  with  ir-e-cold  wat'cr,  tlie  resultin^i;  si>hiti4iu  being 
fltch  time  wepwir;ited  from  tlie  uuitissolved  crystals  by  very  ia|tid  and  very 
j«^^longe<l  centrifngalising,  the  portion  of  the  orifrinal  crystals  still  left  undis- 
solve*! will  he  found,  on  chemical,  inieroscopieal,  and  spe^'tropllot^^nletrie 
bveiitigation,  to  furnish  evidence  of  being  a  [mre  substanef. 

Tlic  new  meth*>fl  is  more  ensily  and  nivirh  more  expeditiously  rarrii-d  ^lUt 
ihiin  the  old. 

Elementary  composition  of  oxy haemoglobin  dried  at  110°-!  15"*  C. 
— Before  describing  either  tbe  jibysiral  nr  rhiunical   prfipcrtics  nf  the 

^  t>ntrnlh!,  f,  d,  mrd.  U'i*snt.HK,  Ikrlii],  S,  ^'V\, 

•  The  ao.'omit  4>f  Hlifiier'H  discovaty  of  iLii*  iin.'tliod  is  ceiitaiiK.Ml  iia  h  p;i|MT  1>y  liis  pnpil, 
F.  OtU»,  *'  Uetter  *laa  Oxylitiianglohia  des  St^lnveiiien/'  Zt»cbr,  f.  phtfuin/,  Ckftif.^  Straisslnirg, 
1882-«3,  Bd.  vif.  S.  57. 
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blood-colouring  nicil  er,  it  m  advisable  iu  cnnfiifler  ilw  eleraenUiry  ooiS3 
position,  and  to  ase<  rtain  how  the  results  nf  eheuucal  analjKie  bear  OE 
the  question  as  to  h  ^Tin»glnUiii  being  a  definite  chemical  uidiAidiial,  it 
composition  being  in  variable. 

Haemoglobin  i*H  i.  couipound  of  eurbuu,  liydrogeu^  lutru^eii,  sulphiirp] 
iron,  and  oxygen.  The  crystals  of  ha-moj^lobiu  contain  water  of  erygtJil- 
lisation,  which  varies  can^ideralily  in  anxuunt  iu  the  h^'enioglobin  of 
dififerent  animals.  When  igniteil,  pure  hirniogloliin  nlitaiiied  from 
mammalian  blood  yi  dik  an  itsh  eoinposed  entirely  of  ferrie  oxide;  the 
haemoglobin  of  l»ii(  s  and  tjshef^,  and  probably  of  all  aitiniab  with 
nucleated  corpuscles,  yields  on  ignition  an  awh  which,  in  addition  to 
FcjOg,  contains  |>bt)^i»horie  anli^'dride  (l\ty,  derived  in  all  probal>iUty 
from  nuclein  contaiiax 

The  earlier  nniilys  made  by  L\  8e!urddt*aml 

by  Hoppe-Seyk  r -'  ejl  apjteaied   to  inrUeale   that 

crystallised  oxyluem  mst4Uit  fmopnsitioii.     From 

the  analyses  of  theBC  B  own  detenuinatirms  of  the 

iron  and  sulphur  in  ^lobin,  Proyer  dedueed    the 

following  as  the  uieJiu  m  of  oxyhdi'moglobin : — 


C 
11 
N 

Ko 

H 
U 


54-00 

16-25 
0  42 

21-4*5 

100^00 


On  the  assuiujition,  which  a  large  nuin!>er  fif  fa.etf^  have  since  kIiowo 
to  be  almost  ceitaiiily  enrrert,  that  tin*  uinhi'Ctde  nf  liiiiuogl^jbiii  ceiitains 
one  atom  of  iron.  Pr*yrr  assiLOteil  In  it  tbe  emjiirieal  Formula  C^j^Hr^ 
Nj^Fe8.,Oi;o,  the  molecular  weight  being  13,:332. 

Anali/si's  of  (Jxiilunnoglohin  dried  at  a  temperature  above  lOCCV^  (Hoppe-Seyler). 

I  i 


Ox}hrr;iiioyrl(ibiii  of 

Do-     . 
Goose  . 
Guinea-pig   . 
S(iuirr('l 


Water  of  Crystallisa- 
tion in  the  Crystals 
which  had  been 
(Iriwl  in  va^to. 


C. 


3-4  percent.  '  53-85 

7     „      „  54-26 

()     ,,      ,,  54-12 

9     ,,      ,,  54-09 


H. 

!   ^- 

0. 

S. 

7-32 

16-17 

21-84 

0-39 

7-10 

16-21 

20-69 

0-54 

7-36 

16-78 

20-68 

0-58 

7-39 

16-09 

21-44 

0-40 

_^ 





Fe. 

0-43 

0-43 

0-48 

0-59 

PtO,. 


0-77 


'  V.  Iiioko,  "  Eiiii;,^e  J5cinoikun;j(;ii  iieber  pliospliorlialtige  lUiitfaibstotre,"  Ztschr.  /. 
physiol.  (//it'in.,  Siias.sl.uri,',  1S94,  ]',([.  xviii.  S.  57. 

-"Analyse  der  Blutkiystalle,"'  in  Buttchcr's  monograph,  "  Ueber  BIutkryst-aHe,** 
Dorpat,  1862. 

^  "  Beitrago  zur  Konntniss  des  lUutes  des  Mensehen  nnd  der  Wirbeltliiero  ;  Znsammon- 
setzung  drr  Farbstoftlvrystalle  dos  Mecrscliweinehen-  und  des  Hnndo-bluteH,"  Mfd.  Chan, 
Untersi'rh.,  Berlin,  \s6s,  S.  ]S0  cf  .^f/j. 
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The  subsequent  research  en  of  Hi»]ipe-Serler  soon  demonstrated, 
however,  tliat  the  blocKl  eryritaLs  (^itaiued  fiooi  t!ie  IjIirhI  nf  different 
animals  did  not  possess  an  identical  emnposition,  though  the  dirterenees 
brougfat  out  by  Hoppe-Seylers  analyses  were  not  very  gi*eat.  His 
nsffiilta  are  shown  in  the  table  on  p,  198.^ 

The  very  nmnenma  analyses  of  oxyhieTnoi^lobiii  of  diflerent  animals, 
made  in  recent  years  by  Kosi^elr  Otto,^  Ziuotlsky,^  lliifner,^  Ja((iiet,** 
and  others  exhibit,  however,  sueh  extraordiniiry  disoreimneies  in  the 
resulte  of  ultimate  organic  analyms  uh  to  preehidr  a  iireeiBo  answer 
being  given  to  auch  «im|>le  questions  as  the  following: — 

la  haemoglobin  a  body,  having  a  eouBtant  einn[Mi>!itir>ii  in  aniniata 
of  the  samt  sjkcUs  ? 

Does  the  hiemoglobin  of  (fiJftriiU  animaf.^  vsiry  in  rlieniieul  com- 
position, and  if  so,  within  wfiat  limits  ? 

Hetultji 0/ the  more  recait  Anahjsm  0/  Ojct/htf  ititujfoffhi  (1878-1890). 


Out*" tlotmat 

C, 

B* 

K. 

a. 
0-39 

Fe, 

0. 

PjOv 

Bog- 

53*85 

7-32 

16-17 

0*13 

21-84 

Hu|v|.p^aS*^yIcr.' 

53*91 

ti*62 

15*98 

o:.40 

0-333 

22-62 

Jaquet.*' 

^.n;   : 

64-57 

7-22 

16  38 

0'5tJii 

0-336 

20 -OS 

JlU|llt'L*' 

M-87 

6-07 

17-31 

O'df^o 

0-17 

lS»-73 

Kl.Hs^'lJ'J 

»•    - 

54-76 

7-03 

17-28 

0fJ7 

0-45 

19-*1 

0  It:  1.^1 

54-40 

7  07 

17-40 

0-6f} 

0-45 

iy-74 

HudiMltT.i" 

51-15 

6-76 

17 -94 

0'39 

0-335 

23-43 

/iiiotl'^kv.''' 

Ox    ,        . 

54-60 

7-26 

17-70 

0-447 

0*400 

vr5\ 

llllfnerJ* 

. 

0-336 

Htifiirr.'^ 

Kg.        -        . 

&4-17 

7-38 

16-23 

0  660 

0-130 

21  -3^0 

Otto,^« 

54-71 

7-38 

17-43 

0-479 

0*390 

19-IJ02 

Hu  flier  J' 

Hm. 

52-47 

7-10 

UJ-46 

0-857 

0-335 

22-500 

0-197 

Jaquct.i^ 

^Med,  Chem.  Untersuch.,  Berlin,  1868,  Heft  3,  S.  37^. 

^Tbe  results  of  the  aiialyse^t  turide  by  Dr.  KosmI  wlto  \m\>h!,]m\  iri  a  i  taper  hy  HopjM?. 
"<Tler,  entitled  '^Weiterc  Mittlieiliiitjy;i'n  ucbtr  (Ik-  Ki»;riisihiiflr|j  drn  llliMlfMbsluirs  I)ji.<4 
Utrbainoglobiu  des  Pfenlebluta^i/'  Zhchr,  /',  jihtfsiof,  Chtm.^  Stras^biirg,  1878  71*,  Bd.  ii. 
8,  149-155. 

*  **  Uelwr  das  OtylKimo^lobin  dis  St-hwdnes,"  ihui,,  18H2-83,  li<L  v\l  S.  57-68. 

*  *' Ueber  die  Orosae  de^  Haiuop^lubumnjli  ^'ills^/'  ihid,^  lss6,  li<f.  x.  »S.  16-34. 

*  **  Ueb«r  rjjta  Oxyhiinioglobin  de.s  rfinlrs,*'  ^t*chr,  J.  pfufsiof.  ('hrm,^  Strnsssburf,', 
1AS3^4^  Bf3,  viiL  8.  358-365  ;  '*  Beitnigi^  /isr  Libre  voni  UbiUsirbHtufVe/'  in  Ikiti:  :. 
Hyjio/.  C.  Ludwig  z.  3,  Qfhurtd,  ek.^  l^ip/i^%  1x^7,  S.  74  SI  ;  "  Nliio  V<MMH.'ho  zur 
Bestimmuug  des  SaMer;stonk'^pnc!diit  dth  BluHiiil>stoirs,"'  Arch,/.  l*/t;/tthL^  Leipzig,  ISIM, 
S.  130-176.     See  ej>|KHiiillv  S.  174-176. 

*  **  ElemeutAraiialyse  Jea  Him<b  hliit-HuiiUfglobiiis,"  Zhrhr.  J\  pfty^kfi,  Chan,,  Strasa- 
\mTg,  1888.  B^T.  xiC  S.  285-288;  Ueitnige  Kur  Kirmlnisa  (bs  UlntfarliHlotb-i,"  ihhi., 
1880.  Bd.  xW.  8.  28&-206. 

*  This  analysis^  which  h  adduoed  f(>r  pnrposen  of  cotupansriii,  Uoi-s  iiut  fall  witln'n  thf 
datef  jnren  abovi\  haviji|?  been  piiblishcii  in  186S, 

*  Ztxhr. /.  phytiol.  Ohtm,,  Strft^^burg,  18S?,  IJ.b  xii.  S.  285. 
»  IbiiL,  18^0,  Bd.  xiT.  S.  289. 

»*  Ibid.,  1878-79^  Bd.  ti.  S.  149.     Refer  to  Nok-  2. 

"  Ar^h  /.  d.  gf^.  PhysioL,  Bonn,  1S»4,  liil  xxxi.  S.  210. 

^'Hyfner,  Ztwchr.f.  pkif*\oi.  Chfm.,  Stmssbni^',  IS-Sj  S4,  r.d,  viii,  S.  35S.  Tliis  iiaptT 
contftiuj^  thi^  rifJiiilt.M  of  Biiduder'ji  rost:an.hcs»  whi<b  biivf  birn  [Jori»'d  ont  itiirbr  Hiilinfs 
HirvcMnu,  and  had  apjK^-arttl  us  a  TUbingfn  Dissertation  in  1S83. 

^Ibi(L,  Stnisaburg,  1886,  Bd.  x.  8.  Vk 

^*  Btiir,  2.  PhysioL  C  Lwhriff  z.  s.  Gthurtjii.  dr.,  Ltip/ig,  1887,  S.  74. 

^Arch.  f.  FhywioL,  Leipzig,  IH91.  S.  J74. 

^  Zttichr\  f.  physmL  Chtm.,  Strius«bnr^r.  1  .hs2  83,  Bd.  vii.  ^.  57. 

".fi^Or.  z.  FhyHoL  V.  Ludwitj  z.  a,  fhhnrm.  'tc,  Lcip/Jg,  lSh7,  H.  74, 

^  ZUehr/f.  physiol.  Chem.,  Strassbur^L^.  lid.  \iv.  S.  2bi*. 
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Were  we  to  ad  nit  the  acciiracj  of  the  wai'k  of  all  the  obs^ierTers, 
whose  results  are  e  :hibited  on  tlie  table  on  p.  199,  we  Khuuld  lie  fnrceci 
to  the  coneluHton  that  hifmoglobin  ib  u  body  which  tines  not  ooh^  vary 
consideraldy  in  conipomtion  in  difiercnt  amniiil!?^,  biit  dr>es  not  jioseeB^  a 
constant  uonipoBition  even  in  dilfeient  indivifhials  of  tlie  Banjt^  species. 
Thus,  whilst  Kossel  found  the  percentage  of  carbon  in  tlie  oxyhauioglobin 
of  the  horse  to  be  fi4'87,  and  the  mean  of  a  Iarc(e  number  of  analy^eB 
by  Kossel,  Otto,  ant  Biicheler  gave  r>4ii8,  ZinoflHky,  as  a  rt^Bult  of  Iiie 
analyses  (nnly  two  in  number^  so  far  as  the  carbon  an<l  hydrogen  are 
concerned  ;),  f[>und  the  percentage  of  carbon  hi  the  !i;i'raogli»hin  of  the 
horse  to  ))e  5115  (11),  A  body  in  which  the  e^irlnm  dilfe™  l»y  :j*72  per 
cent,  in  dilfeient  speeimeng  cannot,  it  will  be  argued^  be  a  cheiaical  ijiilivi 


dual.     But  to  draw  th 
facts  in  our  posaessioi 
between  tlic   results 
animals  arc  iloubtlee^ 
analysed,  and  to  errr 
oxyhtemo^doliiiij   ent. 
stituents  of  the  bloot; 
much  mori"  diiticuH 
the  attempt  U\  puri 
practicable ,  nearly  aL 
and  have  jifier wards  a 
of  its  decMmpf^sition. 
ancies  must 
carefully  L'nt|uircd  into- 


llo 

nnw,  in  the  ligtiy 


m:e  to  hiemttglobin  from  the 

m  error*     The  iliBcvepariciea 

le  !ueuTo|^dubiu  *tf    the  name 

the  |nirity  f^f  thi?  snljstance 

^reparatinn  of  perfectly  pure 

unination    with    other   con- 

iroducts  of  deconapomtion,  m 

*eu(*ntly,  been  HU]jposed.     In 

^sUiUitiUig  it  us  fretjuently  as 

I  jjrobaldlity  decomposed  it, 

or  oxyhieniot^lnbin  and  ]u*CKluct^ 

the  source  of  the  above  dietcrep- 

iircent  si>ectrophntometric  work,  be 

Moreover,  assuming  that  perfectly  ^mre  crvHUil- 


lised  oxyhii-Tiinglobin  18  at  the  dispoif^fU  of  tlu;^  analyst,  the  task  of  drying 
w^ithout  decomposing  it  is  uue  i>f  j»ci'iiliar  dithculty,  tuncerning  the 
method  of  excfnition  of  which  the  clienusls  who  have  carried  out  the 
researches  vnulcr  diHcnssiun  have  been  by  nr*  njeans  agieed.  Thus,  whikt 
some  (following  Hoppe-Seylefa  directiorm)  have  drietl  the  oxyhemoglobin 
intended  fnr  analysis,  in  the  first  in^taTire  in  rftruo  at  U  i\,  and  nnlr 
afterwards  at  higher  temperatures,  others  (Zinoffsky,  Hlifner,  Jaquet) 
have  dried  the  sul)stance  in  vacuo  at  ordinary  temperatures  (15°  to 
18^  C),  and  subsequently  at  110°  to  115°  G. 

It  is  conceivable,  nay  probable,  that  some  of  the  differences  in  the  results 
of  ditferoiit  observers  may  have  depended  upon  the  above-mentioned  difTer- 
ence  in  tlie  treatment  of  the  substance  analysed.  But,  unquestionably,  some 
of  the  l)est  marked  differences  must  depend  upon  differences  in  the 
method  of  analysis  employed  (e.g.  where  one  observer  determines  the  N  in 
oxylia^nioglol)in  by  Will  and  Varrentrapp's  method,  whilst  another  employs 
Dumas'  metliod),  and  upon  accidental  errors  of  analysis,  which  can  easily  be 
rendered  <»l)vious,  l)y  making  a  considerable  number  of  analyses. 

For  instance,  it  apj)ears  to  me  that  the  percentage  of  carbon  given  by 
Zinoflsky,^  as  represc^nting  the  proj)ortiou  of  this  element  in  the  haemoglobin 
of  tlie  horse,  f/msf  l)o  due  to  imperfect  combustion.  Whilst  this  observer 
carried  out  tlie  determinations  of  iron  and  sulphur  in  the  luemoglobin  of  the 
liorse  in  tlie  most  elaborate  and  ])erfect  manner,  making  many  analyses  of 
eacli  of  three  separately  prepared  specimens  of  crystallised  ha3moglobin,  he 
rested  satisfied  witli  (^dy  two  determinations  of  carbon  and  hydrogen,  and 
two    determinations    of    nitro;4en    (the    latter    by    tlie    method    of    Will    and 

^  "UcImt  (lie  Crossp  rlos  H;imo^lol)inmoleculs,"  Z/'.<?'7rr. /.  physwl.   Ch<:vi.,  Strasslmrg 
ISSO,  lid.  X. 
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VarTentiapp)^  though  the  resultn  vvhicli  he  ohUiiiied  iliffered  in  a  teninrkahle 
Dijumer  from  all  those  of  prei''inu?4  olisc*rvers.  It  is  clear  that  wliibt  very  great 
wine  must  be  attached  to  the  deter  ruination  of  the  iron  and  sul|>luir  eoutaiiied  in 
buDOglobiii,  made  hy  Zinotl^ky,  his  t!f>ufliusiuiis  a*^  to  the  i>ert'ent4ige  of  carbon 
tod  hydrogen  must  Ik?  rejei^ted,  as  being  based  upon  an  iii.^ullieient  niinil>er 
of  anaJjrseei,  and  as  being  in  all  prokibility  incorrect.  TbiH  opinion  is  siqiijorteil 
\ff  the  remarkable  discrepancy  IicLwcen  bin  rei?idts  and  those  of  otber  observers 
—a  discrepancy  wbich  cannot  be  a<*cotmted  fi>r  by  dilh'rence«  in  jiurity  nf  the 
bodies  analysed. 

While  it  is  almost  inconceivable^  and  against  the  weight  of  evidenre,  that 
iKmiiglobiu  derived  from  animals  of  the  same  fipeciew  sh^nild  not  liave  a 
tonrttlit  compoeition,  the  diifcrenccs  in  centesimal  cnmi>osition  whiiih  i-erbrinly 
do  €xlst  between  the  haemoglobin  of  certain  animalN  and  that  \A  others 
annot  aurprise  us  when  we  rellect  that  liannnglobin  docs  exbil>it  marked 
{ihrsical  ditferences  in  different  animal?;  —  tbat  it  exhibit??  variations  in 
crrstalline  form,  in  the  amount  of  water  of  crystallisation,  and  in  sohil:)ility. 

The  study  of  the  general  residtw  nf  the  nUinmte  annlyHeB  of  oxy- 
hitmoglobin  made  of  recent  veurH  forces  uh  uHHuredly  to  tbo  wmcIuHiou 
that  new  and  still  more  precipe  invewtig:itious  tue  needed  before  we  can 
Uy  claim  even  to  bo  liiaited  a  knowleilge  hh  tbat  of  li^  preci^^  centt.'siiiuil 
oiiufMjaition.  XevertlieleHtt,  ifc  would  l»e  wrong  to  leave  tlie  study  of 
the  njore  recent  rei^earcbeK  without  drawing  attentioji  to  certain  of  the 
numen<!al  restilt.s  olituineiK  which  arc  ninrc  desorviiig  of  confidence 
dian  others. 

The  most  characteristic  and  the  nn>st  ini]»tntani  of  the  elciaents 
which  enter  into  the  composition  nf  liatnogluljiu  in  it«  ir^ui.  Iron  is 
the  typical  element  in  a  moleculnr  grtnip  whi(  li  (wists  aiai  possesses 
identical  chemical  and  physical  ]>rup(nties  in  all  the  varit*ties  of 
hjemijgloliin  with  wlucli  we  are  acijuaiuteib  ^csi(b^s  fnrnisbing  ua 
with  data  by  wliicb  the  nndceuhir  weiglit  ttf  haiiioglnliin  nuiy  be 
calculated,  the  amount  of  iron  apj^ears  t(>  benr  a  definite  relation  to 
the  quantity  of  the  disHociablc  oxygcui  and  carbrunc  oxide  which 
harnoglobin  combines  with.  For  tliese  reasoiis,  an  extremely  aeon  rate 
«leterminatii>n  of  the  iroti  in  b:cnj<>gloliin,  carried  out  with  all  the 
precision  which  the  present  state  of  scnenct-  jjoimits  of,  bus  hoiui  a  great 
desifideratnin.  Such  determinations  have  bom  ciutti'd  out  b)^  Zinoflsky, 
Jaquet,  and  Hiifner  (see  p.  199). 


Hemoglobin  of 

Fe  jier  cent.      1      Actkia  ity. 

1 

Dog 

Horse 
Ox  , 
Hen 

0^336               Jacpiet.          1 
0*335              Zinnflsky. 
0*336              Hiifner.' 
0\13G              Jaquet. 

These  observers  have  determineil  the  ]nr>j)cpriiiMi  of  iron  in  tbi* 
oryhiemoglobin  of  the  dog,  the  horse,  tbe  <»x,  llic  ]Mg,  and  the  ben. 
They  have  shown:  First,  tliat  the  anuMuM  of  iron  in  tb(^  blorMi-colituring 
matter  «»f  tliese  animalH  h  decidedly  smaller  tban  had  been  assumed 
4m  the  basis  of  tbe  nlder  analyses.  Sor<tndly,  tbat  in  tbi'  animals 
mentioned  the  ijereentage  of  Iron  in  tbo  baiin>gb>btu  is  ideidjcab  so 
that  we  may  conclude  tljat  in  tbese  very  ditVcront  artimats.  in  spite  of 
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the  discrepancies  lie  ween  tlie  results  of  the  ultimate  organic  iLnal}*£)e& 
yet  made,  the  oxyl  a^muglnbin  pojJtsea^es  the  same  molecular  weight. 
The  concordance  heLween  t!ie  mrjre  recent  ileterniinations  uf  the  iron 
of  oxyhsemoglolnn  is  woll  sliown  in  the  table  given  an  the  previous 
page. 

On  the  assumptino  tbat  one  moletuile  of  hanioglubin  contains  one 
atom  of  iron,  the  nu'Ieenlar  weight  uf  tlie  haemoglobin  of  tlie  ilog,  hoi^e, 
ox,  and  hen  would  hv  l(} fiGW,  and  this  result  is  home  out,  s*w  will  lie 
afterwards  shown,  ]i/  the  vohirue  of  oxygen  oi  of  carbonic  (uxide  whieli 
enters  into  combiiiution  with  the  blood-uobmriug  matter. 

In  addition  to  tiie  estiuuition  of  the  iron  in  ha.'niuglobiiu  thai  uf 
the  sulphur  ha^^  b(;en  mixied  out  with  remarkiible  e;ire  hy  Hvifner,* 
Zinoffsky,  and  .Impiot  whilst  estfll>lishing  tliat  the 

centesimal  comjuisitioT  ing   matter  of  all  animals  is 

not  identical,  sh<jw  tb  3  Hulphnr  stands  to  the  ii'oii 

in  definite  relations. 

Thus  Zinoffeky's  j  jlish  that  in  the  ha^nioglohin 

of  the  horse  tlu*  sul|.  he  relation  of  two  atoms  of 

the  former  to  one  oi  md  Hiifner  lias  shown  that 

exactly  the  same  rehv  le  f»f  the  ha/nioglobin  of  the 

ox  and  the  pig.     Or  tet'g  nnalyseg  of  the  haemo- 

globin of  the  dog  ind  itonis  of  sulphur  eonespoiul 

to  one  atom  of  iron.  jv    nt  section,  we  shall  examiin* 

the  products  of  decumiiosit,  gl      n,  we  siiall  show  that,  under 

the  influence  of  ncids  and  alKMiivr^,,  me  ,  :^o<l-colonnng  matter  breaks 
up  into  an  iron-i  ontaining  l*ody  (of  winch  tfie  comjioHition  and  the 
properties  vary  accttrding  to  the  prefsence  nv  alisenee  uf  oxygen  during 
the  decompositiini)  and  into  an  albnminoiiH  IhkIv  or  !>odies.  The 
sulphur  of  lia'mo-^^)bin  bclunga  to  the  albimiinrm-s  part  of  tlie  molt^eule, 
and  the  diilereuce  in  the  relatjf>n  of  S  to  Fe,  (wrought  out  tiy  the 
researches  of  Ilnfner,  Zinoflsky,  aud  Jafpiet  indicates  that  the  allnjminous 
moiety  of  the  h;t'iiir»ghibin  ULi^lecMile  varies  in  ditTereiit  animals,  and  that 
among  the  i)oints  of  dilTereiieo  in  tin*  dillci'ence  in  tlic  pniportion  of 
sulphur.  This  ]ioint  will  bo  ccrtalidy  cleured  up  Ity  future  re^searehe^ 
specially  directinl  tii  its  elucidation:  it  juay  be  remarkeil,  however^ 
that  the  jm^poition  nf  8ulp(nu'  in  diiVerent  albuminous  boilies  does 
exhibit  great  variutiouH. 

It  appears  to  me,  moreover,  that  we  must  not  lose  sight  of  the  possi- 
bility (even  when  there  is  no  evidence  afforded  by  ultimate  organic 
analysis  of  there  being  a  difference  in  the  percentage  composition  of  the 
al])Uiuinous  part  of  the  lucmoglobin  moiety),  and  indeed  probability, /Aa^ 
lurj/nof/lohlns  varying  in  certain  physical  propertii's  may  he  formed  hy  the 
llnkiivj  of  the  iron-containing  molecule  to  xarioii^  polymeric  comlnnations  of 
the  same  alhinnuious  molecule. 

Although  it  is  highly  probable  that  the  molecular  weight  of  the 
InemoglolMn  of  the  dog  and  of  the  ox  (1G,GG9),  as  determined  by  the 
iron  (leterniinatioMs  of  flaquet  and  Hiifner,  and  ])y  determinations  by 
Hiifner  of  the  vohimes  of  O  and  iX)  with  which  hannoglobin  combmes, 
has  been  ascertained  witii  correctness,  or  nearly  so,  the  discrepancies  in 
the  results  of  the  determinations  of  (■,  H,  and  N,  made  by  different 
observers,  are  too  great  to  warrant  our  placing  confidence  in  the 
empirical  foriuuhc  which  have  been  assigned  to  ha-moglobin.     Of  these 

1   n  rt — t.: .1     CI t-rt* :i..;i.  ,i     r>i.-i^r._i- .».«ir~  "  c     r^ 
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fonuulie,  tljat  ealculatoil  by  Jaquet  fnr  the  luuiuDglubin  of  the 
?JiolMihly  tlxe  nearest  tlie  tnith,  luiinely- — 

Why  should  ha*moglohin  possess  so  enoniKKisly  high  a  molecular 
weight  ?  Tbe  question  suggeHted  itself  to  the  acute  mind  of  Buiige,  who 
hfis  furnished  os  with  one  reasrui  which  i.s  eminently  suggestive:  *' The 
enarxnous  size  r»f  the  hainoglohin  molecule,"  nays  this  writer,  '*  Knds  a 
ielealogical  explanation,  if  we  erujsider  that  iron  is  eight  tiou^s  as  lieavy 
aa  wmter.  A  compjund  of  iron,  which  would  tloat  easily  idung  with  tlte 
Uood  current  thi\nigh  tlie  vessels,  cuuld  tjnly  l>e  secin*ed  hy  tlie  iron 
being  taken  up  by  so  large  an  organic  molecule."^ 

When  dkciiBsing  t!u^  compounds  and  prmluets  of  derom|HKsition  of 
axjrhiexnoglobin  and  haanoglohin,  we  shall  liave  agiiin  to  revert  to  and 
further  examine  certain  of  the  facts  which  have  foinid  a  place  in  this 
section. 

Tb©  crystaUine  form,  the  amount  of  water  of  cryBtallisation,  the 
aohibility,  and  the  diffusibility  of  oxyhaemoglobm. — Altliougli,  us  has 
already  been  stated,  the  oxyha-mnglnlan  of  (hil'ereut  animals  varies  ctm- 
flideiably  in  the  facility  with  whieli  it  erystalliwes,  we  now  know  that  the 
ha^oglobin  of  all  animals,  withniit  exceptitni,  nuiy,  hy  suitable  treat- 
ment, be  obt.aiued  in  the  erystalline  fnrm/^  (Jn^at  ililVerences  exist  in 
the  solubility  of  the  blood'Colouring  matter  obtained  from  dilVerent 
anixn&lB»  and,  as  might  ha\'e  been  anticipated,  the  blood  rtf  these 
aaunals  whose  hipmoglohin  is  least  soluble  (as  the  rat,  tlie  guinea-pig, 
and  the  S4|uirrel)  yields  crvstals  of  nxyh;i  lunglnluu  umst  readily;  whilst 
tlie  ijonverse  is  also  true,  Is.  the  oxyh;euifiglnbiu  nf  man,  of  the  rabbit, 
the  sheep,  and  tbe  ox,  all  uf  which  are  exc  ccihngly  snlutile,  yield  crystals 
lirith  considerable  ditlienlty.  It  w^as,  imleed,  long  supposed  to  be  inipns- 
oible  tri  obtain  large  (piantities  of  nxylia  ni<»g!oltin  from  the  blood  of 
oertain  of  these  animals. 

As  a  rule,  crystals  of  oxyha  lunglubin  are  nf  such  a  size  that  their 
form,  and  even  their  crystalline  nature,  c;nmot  lie  made  out  ]>y  the 
oaketl  eye.  The  blood  of  certain  animals,  however,  as  the  dog,  nud 
|iarticuLirly  the  horse,  pelds  imrler  favourable  eircomstances  rhombic 
prisBQiiof  macroscopic  size.  From  horse's  blond  HopjHvSeyler  freipiently 
obtained  prisms  over  5  mm.  in  length  and  4  nnn.  in  thiclineHS.  The 
ccdovir  of  crystals  of  oxyliaiuoglnbin  appears  dillerent,  accnrding  to 
their  size  or  the  number  aggregated  together/*  Thus  the  ilnest  needles 
or  prisnifi  of  oxylueuioglohin,  when  siieu  singly  umh^r  the  uiicroscope, 
appear  ahnr^st  colourless,  or  possess  the  yellowisfi  tint  eiiaraderistic  of 
the  coloured  corpuscles.     On  the  other  liaud.  large  crystals,  or  consitler- 

*  From  the  results  of  HiifncT's  analyses  oT  tlip  li^i  iisnf^luliin  of  tbe  ox,  but  Hubslitiitm^ 
his  most  recent  fletemiinatioTis  (1894)  of  tlu^  iiun  luf  llit^  oMrr  ones,  jmhliHlinl  in  18.S7,  1 
bare  calculated  for  the  hnjinogli/liin  of  thiii  aiiiiiuil  the  fonimla — 

•  luns^e,  ** Text-Book  of  Physiologicril  and  l^ithftl^-^^^ral  ClieniJ.^try.*'     Tran.shiteU  by 
Kjlifridge  ;  London,  l!*iiO,  \k  *24. 
«a  Dr*  Otto  Funke  who  first  assfttfil,  jii  tli*'  result  of  his  own  lescjirelu'.s  **  that 

U  capiibl<»  of  crystal  li  sat  ion,  wlmtivn   aiiiiiinl  or  ort,Mn  it  Tiiay  hu  tak'H  fronu* — 
adon  of  the  Plates"  of  his  *' Atlas  of  Physiolo^ieal  ChtiuiHtiVt"  p.  Ifi  (s<e  \\,  20rs 

♦ppe-Seyler,   **  Das  Ojcvhamoglobin  ilcs  PftnleMiUes,"  Zi»fhr.  f,  jihfSiol,  Chim,, 
^,  187S-79,  Bd.  ii.  S.  I4i». 
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able  aggregations  of  tbo  smaller   crystals,  oxliihit,  like  aggregations 
blood  corpuscles,  Liu  red  enlour  clwnieteristic  of  tlie  l>]oufL 

We  shall  now  ecaniine  successively  the  most  impoitaiit.  facta  cou 
nected   with  the   (1)   form,   (2)   quantity  of   water   of   crystallisatioB, 
(8)  solubility,  prej^ciite<l  by  crystallisetl  nxybi^mogb>bin,  (4)  dittimibility. 

1.  Form,— {a)  The  hktod  nf  mai)  and  of  the  immense  majority  ol 
animals  yields  o.xyh  I'mMglolmi  wliieli  crystallises  in  rbnnibie  prisms  or 
needles  belonging  tn  the  rlK^ml>ic  system. 

(6)  The  oxyhii  lu  igloliin  of  the  guinea- jng  pi^esents  crystals  which 
were  descril^ed  by  Lehmann  as  regular  nutohedra.  They  were,  however, 
shown    by   the   eminent   c-rvstallngrapher    v-    Lang^   to    l»e   tetrahedra 


belonging  to  the  rhombic  s^^'^^'^ti 

The   blood   of   rert 
rat  ^,  *,  ^,  yields  crystal 

{(')  The  oxyhiriiioj, 
form  of  six-sided  plat 
system.    These  crysti 
Tlie  blood  of  the  Im 
wliich  crystallises,  us 
plates  belonging  U^  U 
the  crystallogi'aiihr  c 
interesting  observatiu, 
several  times  the  h*'Xf,^  .,„ 
and  the  crystals  dblaiued 
these  with  rhomliie  tetraliedra/' 


'hi 


iBionally  apparently  <>f   the 

eryst^xllises  normally  in  the 
liy  V.  T^'ing,  to  the  hexagonal 
bed  l»y  Lehmann  atid  Kunde, 
ia)  contains  (>xyh!i'mogl<jbiii 
rhondifrheihiL  and  six-sided 
Iidliliurton,'^  who  luis  studied 
1  great  care,  has  made  the 
llising  squiiTcrH  li^emoglobin 
the  crystals  is  broken  d<»wii, 
hie  [irisms  or  a  mixture  of 


Ilollett,"  taking  b^r  granted  that  i>xyh^moglobiuj  from  wliatever  source 
obtained,  possesseil  the  same  clieiiiifal  composition,  argued,  frimi  tlu*  i-AvX  of 
its  crystallising  generally  in  the  rhombi*',  but  in  the  ca^e?  of  tljG  gquiiTel  in  the 
liexagonal  system,  that  oxyhffiuioglobin  should  be  looked  upon  a^  dinnjr]>bous, 

Halliburton,  however,  with  perfect  correctuesSj  hesitates  to  admit  this 
view,  which  could  oidy  be  held  if  wc  were  cert-aiu  that  the  haemoglobins  whose 
crystals  belong  to  diderent  systems  possess  idenliral  etiuipositirtn,  and  suggests 
that  perhaps  the  ditl'ereTice  in  the  cry.^talline  biruij  i\^  well  iis  the  difference  in 
soluhility  of  the  hanioglobins  wbieh  (Crystallise  ditrereutly,  tlepend.H  ujion 
varying,'  quantities  uf  water  of  crystiiUijiation — that,  in  faet,  the  hiTuioglobins 
which  crystallise  in  slillbrcnt  aysteius  represent  **  fliflerent  hydrates  of  oxy- 
luenio^dohin."^  Tlii^  may  be  the  case^  though  it  aispriivs  tii  nie  that  the  cause 
of  the  difference  lies  deeper* 

It  has  l)een  previouisly  stated — and  the  grnundn  for  the  .'itatement  will  l>e 
given  in  a  suhserpient  section— that,  notwithstanding  tho  pcrplexingly  dis- 
cordant results  of  tlie  finalysea  of  nxyhjemoghiliinj  there  i^^  in  the  lueuioglobin 
of  all  animals,  a])solute  identity  of  the  essential  iron-containing  nucleus,  i.e. 

^  111  ;i  [ui[Mr  l.y  A.  Rollett,  ontitled  "  Versiu-hc  u.  Beohachtini«,'on  am  Blut,  nebst 
krvst;illoL,q;i]>liisrli.  ii.  (»jitis(!h.  Mittheiluiigon  ueber  die  Bliitkrvstallc  von  v.  Laiijx," 
Sft-:}>„'ish.  ,1.  I:.  Al-nd.  ,L    Jri.9sr,fsc/>.,  WMcn,  1802,  Hd.  xivi.  S.  00-98. 

-  llallil.urtun,  "T.xt  I'.ook  ..f  ( 'lifMnic.al  Physiol  o<.'y,"  London,  1801,  S.  270. 

",  '  luiiid.',  L'liin.niH,  see  Pn-ycr,  "Die  lilutkiystallc,*'  S.  38. 

•''  Hoj.|.o  S.'ylti,  •'  ['(Au'v  ,lit;  KrysUdlformt'ii  der  ])liitkrystallc,"  Med.  C/tcm.  rnUrsiich.y 
Berlin,  ISO^^  s.  ll»5. 

*' "  I'rcliniinaiy  (,'uinniuni<^ation  on  tli(;  H;i'niof,doliin  Crystals  of  Rodents,"  Journ. 
I'/if/s/oL,  Ciiiihrid^t' and  London,  1880,  vol.  vii.  ]».  'J;  Quart.  Journ.  Micr.  Sc,  London, 
vol.  xxviii.  i>.  IS], 

"  Lor  n't. 

**  HaHibuiton,  '^T.xt  Book  (»!' ('luMnical  Physiology,"  section  on  the  ''Cr3'stallogra]>h3-  of 
Oxyhiinioglohin,"  pp.  270 -J?  L     The  stndent  is  rceoinnK'nded  to  read  tliis  interesting  and 
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Ikxl  moiety  of  the  molecule  on  whicli  iU  colour  and  its  |ilr\>i<»!ogical  fuiic* 
IB  depends.  At  the  same  thue,  there  is  such  a  dillerente  in  the  rutiu  of 
\%iS%  in  tlie  hfetnoglohin  of  certain  auimaLs  as  reiiiler.s  it  liij^hlv  prohahle,  or 
oertaiji,  that,  in  the  haemoglobin  of  ilitlerent  animal  groups,  the  alhu- 
moiety  of  tlie  complex  molecule  iliHerH.  Sucli  being  the  ease,  it  is  not 
Mipiising  th&t  certain  of  the  physit^al  chaKicters  uf  haemoglobin,  such  as 
djst&Hine  form  and  solubility,  should  exhibit  variations.^  Nor  can  we  luse 
^ghi  oC  the  possibility,  to  which  i  have  already  drawn  attention,  that  tho 
difiBteDiOeB  in  the  haemoglobins  of  certain  animals  may  be  ihie  to  their  being 
foiib^  by  tlie  linking  of  the  ironeotitaining  molecule  with  dilierent  [polymers 
itf  tike  SBjne  albuuiinouri  group.  The  existence  of  h[emogl^^binH  vjirying  tjtinie- 
wlfeit  in  their  percentage  of  iron  renders  this  view  highly  [imbable. 

2.  Quantity  of  umier  of  iryMnUkaiion.  —  Remarkable  ditlicultiea 
enocKinter  tbe  observer  in  his  atteinptn  to  deteniHUL'  the  ninount  of 
water  of  crystallisation  of  oxyhirmt»gloliin,  and  eunsiderable  discrepancies 
are  to  be  noticed  in  the  results  obtained  by  dillerent  ])rot*esKes. 

In  order  to  make  the  determiiiatiun,  pure  uxyhj«'mogh)l>in  is  dried 
ill  t)0€uo  at  0^  G,  and  after  ceasing  to  h>ae  weight  under  these  eomlitions 
it  19  heated  to  a  temperature  «*f  115    C 

The  following  are  some  of  the  {>rineii)al  and  nuisi  reliable  results 
obtained : — 


OxylueoKiglobiii. 


Hone 

Pig.     . 

Guinea- pig 
Squirrel    * 


Water  qf 
per  ctuL 


3-4 

6 
9 


IIop]jC'Scylcr. 

HitfntT. 

Ottu. 

Hoppe-Seyler. 

llo]iiH'-Seyler. 


According  to  Bohr/-  the  water  of  crystallisatinn  of  rjxyh;emi»gltjbin  may 
rary  in  amount  between  1*2  and  6 "3  per  cent,  but  tbese  re.^idU^,  like  otlier« 
crt^ined  by  the  same  aiiithor,  and  to  which  reference  bas  been  made  (nee  p. 
l^)y  are  explicable  by  the  fact  that  his  preparations  of  haiiioglubin  did  nut 
represent  the  pure  suhstan^e,  and  containcil  products  of  dei  oniiMfsiliun^ 

Without  taking  Bohrs  results  into  eonsiiieratirm,  tljuir  ran  1h*  ho 
doubt  that  crystals  of  oxyha  nioglobin  of  diirerent  animals  exhibit 
differences  in  the  amount  nf  water  of  eryst-dlisatifui.  ANsuming  the 
above  results  t<j  be  correct,  the  highly  woluble  oxyha  inogh>bin  uf  the 
pig,  which  crystallises  in  rhombie  prisms,  ijosses.se,^  the  Kfiine  anionnt  of 
water  of  crystallisation  as  the  very  s}tariugly  soluble  <\xyhainoglobin  of 
the  guinea-pig,  separating  in  tlie  form  nf  tetrahudia. 

3.  Soluhiliiy,  —  The    ditlieultics    winch    encunnter    the    oluserver    in 

'  Th«  reader  is  ruferred  to  an  adanrablc  ftcLuuiit  of  nil  tliL^  rescanlics  nii  the  Cry^tab 
lomphj  of  Hffiuiofi^lobiii,  up  to  the  dale  of  \\s  puMiuation  (1S71),  to  the  rhapter  falitled 
**Kry»taIlfanneii  ae«  Blutrotlis,'*  ia  Prryer'n  work,  "  Dik  IVhitkiy^tnlle."  \'i'[y  line 
eoloiired  eDgravinga  of  the  liti'iaoglohin  cryytals  of  vuiiuii,';  ;niiiiuils — Jiinuag.it  (►tlici.s,  nf 
niaa,  the  guiiieji-pig,  and  the  srjiiirrel — are  to  be  seen  \u  VwuktH  *' Alius  nf  Thv.'*!"  logical 
Cbemiirtry/'  being  a  SujiiJJenieat  to  LclniiaanH  "  I'liv^i'Ougital  duTui^tiy,  '  Luitdua, 
torintfd  for  the  Cavendiah  Suckty,  1853.  See  plate  x/ and  pp,  15-17  of  the  iipptiiWrd 
Wttcrf»re». 

'**Exi>,  Uiitvt'sacliitDgeu  U*  die  Saaerstoffaurnahiiie  ties  Blutfurbstofr**?,*' Copt-nhagea, 
18^ 
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determining  the  w^  icr  of  cryfitallisatiuo  oi'  iho  bit)iMl-(*(jlimrmg  niatf-er 
are  surpasi^ed  by  tlnse  atteudiug  the  eHtimalioii  uf  itt*  Ntluldlity.  It  m 
doubtless  in  some  n  msnreduu  tu  tbe  ditticulty,  aluu^st  the  mipoBeibility, 
of  eliminating  evei  r  trace  uf  eurkun  of  the  reagents  (eai»ecially  tbe 
alcohol),  employed  ]  fi  the  preparation  of  the  body»  that  any  attempts 
to  determine  with  jjreci^ion  the  Hidid*ihty  uf  oxyliiiinogloliiii  have 
failed.  The  eliief  c  taae  of  the  diHerepaneies  between  tlie  ol»servationfl 
of  di  lie  rent  ubserv  m  is,  however,  probably  that  tltey  were  unaware 
of  the  iiiiysicah  and  perhaps  also  chemical,  cliangew  whiub  hajmoj^lobin 
undergoes  in  tlie  pn  cess  of  recrystalli^atiun. 

The  oxyha-nmglobin  of  all  l>iidH,  of  the  ox,  of  the  pig,  and  of  man 
is  dif^tinguished  by  itj^  cavii^.  Halnliilitir  t.ii**  f-elative  Bolubility  increasing 
in  tlie  above  order.     J  biHty  comes  the  luemoglobiu 

of  the  hortse,  dog,  ^]U  at,  the  latter  being  certainly 

the  least  soluble.  j  I 

According  to  C.  S<  r  at  18*  C.  disssolvc  15 "59  grms, 

of  the  crystallised  ux^  From  the  fact  that  the  oxy- 

haemoglobin  analysed  t  ted  yielded  on  an  average  0"91 

per  cent,  of  P-^O^^  we  ^  liat  tlic  body  he  exi^erimented 

with  was  very  impure,  |g  estimate  of  its  .■^oluhihly  in 

water  pos.sesaei^  no  va  d    that    100   t%c.   of   water   at 

5"  C,  dissrilvci]  2  grtiis.  ^nj.^in  of  the  dug, 

Lehmiiiin  fi.nnul  tliat  mv  dry  crystalh^ed  oxy haemoglobin  of 

the  guhu-a-pig  required  597  p..*-  .  to  dii^sulvo  it^  h\it  the  lemj>erature 

at  which  the  detenniuation  was  niaae  iw  not  Btatnd;^  moreover,  it  is  more 
than  doubtful  whether  the  suhslaace  experlriienl-ed  with  \xa&  pure. 

The  proBcnt  state  of  our  kn<H\led^e  permits  u.s,  therefore,  to  state 
that  the  oxyhn-moylobin  of  ditTerent  auinmly  dillers  in  no  property  so 
remarkably  as  in  it8  solubility  in  water.  It  ttppeartv,  furtberj  that  oxy- 
luemoglrkbin — ^whieh,  aeenrdin»4  to  the  nuire  recent  reneaix-hes,  contains 
the  same  percenUige  nl'  irim  (that  of  tliu  hf»rt^e.  ox,  dug,  ami  pig),  and 
therefnre  prertiunably  pu8.scf^HeH  the  same  niolucular  weight,  and  whicli, 
further,  crvKt-i discs  in  the  same  niauncr— exbilaLs  marked  ddlercnces  iii 
S()lul>ility,  Aw  the  oxyha?moglohins  of  the  horse  and  of  the  dog  seenij 
in  Hc»  far  as  tbe  water  of  eryst^dliwation  is  enneerned,  to  Ive  identical, 
and  a.s  the  rcHesirches  of  Iliifnor  aud  \\m  seliool  have  ]Movetl  the  identity 
of  iho  in>n-i tintaining  part  of  tbe  molecule  in  tfie  hitmogloliin  from  the 
mnst  diflerent  animals,  we  are*  it  upiiears  to  nie,  driven  to  the  con- 
elusion  that  the  dijlerenee  in  sohdiility  wnd  he  due  tu  lUtlerenees  in 
the  albuminous  residue  in  the  hamnglobin  molo<udc. 

SoluhUtif/  in  lltjuUh  other  than  U'tt^tv.— Oxyluemoglobin  is  soluble  in 
highly  diluted  solutions  of  ammonia,  and  the  other  caustic  alkalies,  and 
their  carl)()nates.  These  solutions  resist  decomposition  much  longer 
than  aqueous  solutions  of  hicmogh^lan.^  Kiihne  states  that  a  highly 
dilute  auiniouiacal  solution  of  oxylui'moglobin  will  remain  in  great  j)art 
unchanged  for  several  weeks  at  ordinary  temperatures.  Stronger 
solutions    of    the  caustic  alkalies    or    their   carbonates  induce    deconi- 

^  W.  Preyer,  "Die  Bliitkrystallc,'"  8.  55. 

-  Hased  upon  these  facts  is  the  method,  iutrodiued  hy  Hiifner,  of  diluting  blood  or 
solutions  of  oxyluenioglobin  with  solutions  conbiininjLC  0"1  jter  cent,  of  NaOH.  Such 
solutions  are  much   more  trans]>arent  than  purely  aijueous  solutions,  and  are  therefore 

*  ....i.,„i.i..  r  .>  4^1,..  , r  ^,...^»...^  ......;,.  . 1.  ... 
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dn  of  nxylutiuogloliin  with  a  rapidity  wliicli  depentlB  upon  their 
mOOntratioD. 

OaKyhaeiuy^dolHii  in  «ululile  in  lii^bly  tliluteil  uleiHiol,  the  Rtdiitions 
IBBatillg  putrefaetirni  iiiiich  longer  th:tii  af[ueous  wnlutinjis.  By  contact 
wiUi  even  highly  dilute  ah]^oliol,erywt-filsi>f  nxyhii unifrlttbin  hecoiiie  much 
more  spariDgly  sululile  in  water.  Oxylin  niogbjliin  is  iri.snhil>le  in  aliBolute 
&leoboL  When  crystnlhHed  oxyhanuKrloliin  is  treatetl  with  a  large  excess 
of  absolute  alcohol,  it  is  under  favoumlile  circumstances  cnnverteil  into  an 
insoluble  crjstalliue  nioditicmtinn,  tn  which  Xeucki  and  Sic  her  have 
giTen  the  name  of  paralnTmoijlobin}  TIhh  hudy  ciinnot  he  linked  upon 
m  a  cheuiical  imliWdiial.  Oxyha-uiogluljiu  ia  iuBoluhle  in  chloroform, 
benzol,  and  carbon  disulplnde. 

4.  i>ijfi/,i?^^i//7v-^0xyha  oioglubin  oHers  a  rentarkahle  example  of  a 
goluble  cryst^xDiJie  l.Hidy,  which,  judgcil  liy  its  [Miwer  tn  pjisH  through  a 
septuDi  of  jmrclnuciit  ]>a]»er,  niunt  be  clcclared  to  l>e  abHnlutely  nnii- 
dtfiusible.  Thk  charaeter  depends  upon  the  cnrtrnioiiH  size  nf  its 
molecule. 

Comparison  of  the  action  of  certain  reagents  on  solutions  of 
oxyhsemoglobin  and  on  solutions  of  albuminous  bodies. — It  Ima 
already  been  incidentally  stated  that  in  Ijicmnglnbio  an  irnn-cmitaiuiiig 
body  is  linked  tt*  an  all>uiiiiniHis  Itody  t>r  hndies,  and  reference  has  laceu 
made  to  the  fact  that,  under  the  action  (if  variiais  iigcnts,  uxyhiiiiiuglMbiu 
breaks  up  into  the  iron-containing  liLcnudiiu  iind  into  albuiuinnuH  bodies. 
Although  the  dectaupositinn  of  lucuKiglnlun  and  its  pr*Mhicts  will  be  enn- 
sidered  in  Home  detidi  in  a  future  scctinu,  it  is  cnuveuient  in  tliis  place 
to  refer  to  tins  pointj  and  to  state  XlinX  wlteu  nxyharunglobin  is  docoiu- 
poeed  so  as  to  yield  haiuatin  and  ahmuiiunus  subKlanees,  the  burner 
amounts  appruxnuately  tn  4  per  cent,  and  the  latter  to  OG  per  cent,  of 
the  original  l»a  inoglobin. 

Such  being  the  ease,  it  is  ut  ^larticular  interest  to  contrast  the 
action  of  certain  reagents  on  Sfdulions  of  albuniinouH  bodies,  and  on 
Balutions  of  oxylucinnglnbiTu 

S^jlutions  of  oxyhanioglobin  dillbr  ifrnarkaltly  fidni  s^lutiiius  of 
albuminous  brKlies  in  their  ljehavif»nr  tnwjnds  n  kirgc  innnber  of 
reagents. 

As  Kiihue  pointed  tait  long  agor  all  those  tests  for  ull>nuiiu  which 
do  not  immediately  bring  about  a  (lccomi*<isition  of  oxybaiiaiglolyin, 
fumis^Ii  a  negative  result  when  applied  t<»  atjiieous  sc>lutiiUis  nf  tins 
body,  Cupric  and  ferrous  suliiliatcs,  nuncinii^  (  hliaidc,  silver  nitrate, 
neutral  and  basic  acetates  of  lead,  nW  t>f  wbtch  [aeci[atate  all)Ujuinous 
tolutions,  occasinii  (so  Inng  as  the  ImkIv  rcniuins  nndeenm]M>sed)  m*  pre- 
cipitate— not  even  cluudiness^wticn  ailded  U)  snlutitai  nf  nxyluenui- 
globin*  So  80on,  linwever,  as  tin*  led  (nlnur  of  oxyhicmoglnbin  has 
disappeiired  uiuler  the  actii^n  of  jiny  one  nf  the  above  suits,  and  the 
brown  eol<un"  due  tn  ha^iuatiu  has  a])pc:iretl  (a  rcsidt  whieli  they  all 
Bvuiier  or  later  bring  about),  the  charaeteristic  idbnunuous  i»reciiiitates 
ar. 


1 


1.  Nencki  urid  N.  ^Sieber,  '*  Unteraiich,  mJtrr  rti«^  iSlnirurlistitn,"  Ikr,  d,  tkntsch, 
^Mlhch.,  Berlin,  1S85,  M.  xviil  8.  :^U*2  :  M.  Nuiirki  iiml  W.  Larliowit/,  "  rehtr  tks 
^loliifi,"  ifrifif-t  B<L  xviii,  S,  212U.  The  rutnicr  i^|  nO  j  n  hI  for  a  rrititi^iti  <»r  Nnu  ki 
r»re»carchefl  on  i>araljitmo^]oUin.  to  a  ]>fiper  hy  Hiiii[>c-St^ylir,  tiititlrtl  ''Llolur 
^fk  und  ibre  Zcrsrt/uii^pri>ihicte,"  ^/se/^r.  /',  phijuiol,  Vhtm.,  StraMslniig,  IS36, 
6»L 
irUncb  der  pbysiolog,  Chemie,'*  Lc*ip/ig,  18fJf»,  S.  207. 
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Otlier  reagents  which  bring  about  ait  instant  decomiMJsitioii  of 
oxyhiemoglobin,  and,  LujnHt?qiR'nLlv;  inBtantly  set  free  the  albuminous 
matter,  exhibit  also,  as  might  have  been  antieiiiated,  the  characteriBtic 
albumin  reactions,  i?.  behave  t^.i wards  a  solution  of  ha^mogloljin  as  if 
it  were  a  solution  of  a  native  Hlbumin.  Tliis  remark  applies  to  acetic 
acid  and  potassium  furruL'yanidL%to  mercime  nitrate^  to  the  Ci^ncentrat/ed 
mineral  acids — reaye  ilytj  all  r>f  wliieli  precipitate  a  S4jlutiun  of  Dxyhctino- 
globin  as  they  do  j^ol  itionB  coiitaiuing  albujjiinous  bwlies. 

When  subjectL'd  to  the  aotimj  of  heat,  sfthitions  of  oxybvniogloliin 
coagulate  like  sohitimi!^  of  the  native  albimuns;  but,  doubtless,  tteiore 
the  temperature  nf  eoagulation  (64''  to  ^^'*b  C)  is  reached,  the  complex 
hcemoglobin  molecule  has  already  Ijeeu  decomposed  — a  suppositiou 
which  is  suggesti^d  bj  ration;^ — If  Loan  aqueous^ 

solution   of   cryslalliwe  tlie   tlog  u  Miiiall   fjuautity 

of  sodium  carbons Ke  I  Iient  no  eoagulatiori  occui's, 

even  though  the  toil]  QO"  C    When,  him  ever,  the 

temperature  read  mjh  ."  0I  uti*  >n  i  nsian tly  changes  to 

deep  brown,  and  sj^ec  ndieates  that  the  Bpeetruia 

of  oxyhii'moglobhi  \\m  of  alkaline  lutmatin. 


The  \um  )xYH/vMOGLOBm. 

(a)  The    visible    specie  ricaJ   notes.  — Tlie   rt^gearfhoa   of 

Brewster   and   Hersrhi-l    had    ^i.  .*,    aknoj  pti 011 -baud ^    oct!ur    in    the 

spectrum  of  light  wliidi  !iiih  k^eu  pussud  Uirough  terttiiu  (joloured  gases^ 
vapours,  and  coloun-rl  sohitiuns,  and  the  ,s(t  erilled  afmjrptum  ^ttctra  trf  indigo 
and  chlorophyll  had  heen  di^scribed  befttre  thn  time  wheu  lioppe  *  made  the 
discovery  of  the  beautiful  absor[*tiou  spt'i^trutii  of  bloody  distinguii*hed  by 
two  very  characteristir  aljsur|itiE»ij-l>riu«lK,  .sittiutc-d  in  the  region  which  inter- 
venes  between  the  liue^  of  Frauenbofiir,  1>  and  K 

This  discovery  at  ouce  enabled  Ib»pp(^  to  aHirm  that  haiinatin,  which  had 
up  to  that  tiuie  been  ^^eueratly  liMiked  upou  as  the  true  bliKJcl-cohmring  matter, 
dues  nut  exist  as  such  in  tlu3  bh>od  eurinisrlcsj  but  that  it  i**  a  proiiuct  of  the 
deconipusitiun  uf  the  eulouiin^'  matter ;  that  the  latter,  to  which  he  afterwards 
gave  the  nauieof  ha'niogkd^inj  ami  whieli  he  recognised  as  forauug  tlie  so-eaUed 
blood  (uyst:ils  <lescril>ed  by  Kundc,  Lidimanu,  and  Funke,  is  the  cau^e  of  the 
absorption  bands  w]iii:]i  be  had  di>t.:cjvered  in  the  siieetriim  of  flihited  IsIooJ, 
and  that  this  colouring  matter,  under  the  influence  of  heat,  acids,  and  various 
other  chemical  agents,  splits  up  into  ha^matin  and  an  albuminous  substance  or 
substauces. 

There  can  be  no  question  that,  although  Hoppe,  in  a  certain  measure, 
appreciated  the  innnense  value  of  the  knowledge  which  he  had  gained  by  his 
study  of  the  optical  properties  of  the  blood,  the  full  light  which  it  was 
destined  to  shed  on  the  function  of  the  blood-colouring  matter  was  only 
recof^uised  when  Professor  Stokes,  two  years  later,  laiblished  his  paper  "  On 
the  Reduction  and  Oxidation  of  the  Colouring  Matter  of  the  Blood."  ^^  The 
new  facts  acquired  by  the  combination  of  chemical  and  optical  methods  in 
this  research,  and  which  at  once  shed  a  flood  of  light  on  phenomena  which 
had  until  then  V)een  shrouded  in  darkness,   enlisted  as  workers  in  this  field 

1  Prt-yer.  ''Die  lilutkn  stallc,"  S.  01. 

-  HojijM-  only  assumed  llic  name  of  lIo|ipc-Sc'ylt*r  in  ISO^,  The  j)aper  coutaiuing 
his  (ir.st  ohscivation.s  on  the  .speetrum  of  the  hloo*!  bore  the  following  title  : — Professor 
Hoitpe  in  Tuljin^'en,  "  Ueber  das  Vcrhalten  des  BlutfarlKstotfes  im  Sj>ectrum  dcs 
Sonnenlichtes,"    Viirlww's  Archiv,  1862,  lid.  xxiii.  S.  •J4()-419. 

^  Proc.  Hoy.  Soc.  Lond(M,  1804,  vol.  xiii.  p.  357. 
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■WSKt  persons  of  distinction  in  all  ciiuntrit'Sf  amongst  tlie  tir^t  and  most 
JIlceeBwful  of  whom  were  W.  Prcyer  ^  in  Geriiuuiy^  and  Sorby  and  Ray 
Lftnkeater  in  Enjj^land.  Amongst  all,  liuwcvor,  who  by  their  work  bave 
ouaiributed  to  the  spectru^e<ipic  investi^atiim  of  the  bl<M>il,  twu  ajiiajir  to 
me  U>  ^tand  out  preHL'imnently — tliest^  are  X'ienjrdt  ami  llufner,  Ity  tbe  dis- 
covery of  the  liri^t  jira^-tical  mL4.h<id  of  deternunitit;  tlu'  fjiinfiioHrm'ificicnl 
of  coloured  liquids,  and  biis  t'laboratioii  of  a  ^a'neral  uietbod  for  tbu 
quantitative  iumlysiis  of  rolourmg  matters^  a  uietbod  capable  of  t^urprisiug 
rehnement  and  aeouracy,  iind  ivbirh  i?^  haned  uju>u  tli*-  nilation  which  exists 
between  the  extinct iiui-coelfieier it  and  eou«o[itrati<fji,  XiLxordt  has  phiced 
both  the  sciences  of  phyi^ic^  and  physiology  \unlur  a  lasting  nbligalioiu- 
To  Hufner  beltings  the  merit  of  liaving  developed  and  perfected  tli© 
metliods  of  spectrap»hotouietry,  hut  espeeially  of  euiployiut;  it  no  an  to  obtiiui 
nsttlt^  of  paramount  iuip<>rtauie  to  physiology,  and  whi«;]i  wouhl  have  lieeu 
miattatnable  without  its  aid,  Nc^t  uuly  htis  he,  by  Ids  own  long  <  ontiuued 
nBoarcbes,  and  those  of  his  pnpilsj  deteiuiined  the  spyctropbolrjinftriu  uon- 
stanta  of  hemoglobin  and  its  eouipounds  with  oxy^eu  and  rarbonir.  c>xide, 
boi  be  has  by  J^JH:ict^o photometry  succeeded  in  deterujiuint^  the  absolute 
and  relative  amounts  of  reihieed  and  oxyhieuLoglobin  existing  side  by  J^i'le 
in  tbe  blood.  He  has  further  showu  that,  us  we  uow  know  tlie  volume  of 
(OSygen  whiih  can  1  ouibine  %vitli  1  grui.  i>f  luemijgbjlau,  by  determitiing  the 
aauMmt  of  ha-moglobin  and  of  uxyha^moghdriu  coexisting  in  any  spcrinien  of 
blood,  we  posses  data  eiiablin*;  us  to  eabnilate  the  volume  uf  the  disi^ociable 
or  riespiratory  oxygen  of  the  bkxid,  without  liaving  recourse  to  tJireet  deter- 
lainations  by  means  of  the  mercurial  pnmp  and  gas  analysis. 

Further,  by  the  methiHl  of  speutrophotorm'try,  rumbin^il  with  thr  h'sults 
of  chemical  investigation,  Hiifner  bti-^  furnisln^il  nn  with  tlu-  ja-oof  that,  in 
spile  of  the  difibrences  hi  many  ph3'siral  <'haraeter.s  and  even  in  rcntesimal 
composition  presented  by  the  blood-eolourijig  matter  of  dillerent  animals,  the 
coloujred  iron-conuiining  grou[i  existing  in  lueluugl(^bin,  upun  which  its  essen- 
tial physiological  functions  depend,  is  iilcntical  in  all. ' 

€3^neral  description  of  the  visible  spectrum  of  oxyhsenioglobiii. 
— -Iru/ttrumetif^  refpurfjd.  —  Vur  the  stu<ty  of  the  visible,  jis  distil igin-^ln.d  from 
the  photographic  speetrutu  of  the  MoiMl,  or  of  oxylufnuigloliin,  the  speetro- 
jiTope^  which  are  in  common  usj^  in  physical  and  cbcuiicnl  blHirutories  may  be 
•employed,  providing  the  dis|>ersion  of  tbeir  jirisms  In-  not  too  great  A 
■pectfo$oo|)e  of  the  ordinary  Ibinsen  tyj^e,  |aiiviiled  willi  n  tiingle  goml  Hint- 
^imam  fmam^  h  iidinit^dy  to  Im  [jrcf erred  fur  the  stu<ly  of  absiaptiou  s|KMdra  to 
an  instrument  with  two  prisms,  for,  with  the  i^^reiiter  iJi-s|>ersion,  ab.s^>rJ>tii^n- 
bands  apjiear  much  less  dearly  <lelined  than  with  the  smaller.  Dirert  vision 
«pectrt:»**!ape.s  of  the  Jirtavning  or  Ihdmann  pattiMirs  <>r  microspci  trosf-ript  s, 
£,e^  direct  vision  s|)eciroseojH"s  adaptnl  tu  the  eyejjiece  iff  the  (omponnd 
microecope,  may  he  em]tloyed  :  ami  tbe  sernnd  class  of  tliese  instrumunts 
render?  great  servicer  in  the  invesLigution  r>f  minute  (piantities  of  eulouruig 
matters — as,  for  instance,  in  the  exaniinaticin  of  the  ijplir-al  cliar;icters  i^f 
the  colouring  matters  of  tbe  tit^Hues. 

It  is  advis^ible,  indeed  for  tbe  purposes  of  original  research  iiiilispensable, 
that  the  «peetro8cope  em]*loyed  should  frunish  nn^uis  of  Lleterndning  uccur- 

*  'Frvjer'B  motiograpli,  entitled  "  l)io  lihitkrystiill*/'  uhicli  .tpiMiintl  in  .lvm\  in  1S71, 
•till  continues  iiidiwpcnwiblL'  to  tke  iihysiolu^ifa]  iJinnist.  It  i^  i'ci<lt'tr  with  uri^^iJKil 
observations  of  great  value,  and  t*3stablislu'S  tliut  Pn^y^ir  bud  liu  nnn»i|M>rtimt  hbnre  iii  the 
deTcloj»mcnt  of  our  kaovvledfje  of  the  bhind-colonriii^  Jrintttir, 

*  Karl  V^icTitrdtT  "Die  Aiiwt'nfiuu^'  den  Spekt[al3i|i|ffiran'S  zur  Phuluinitrie  di^r  Absur|i- 
taoiiaaipfktr«n  und  xur  rpinfititativcti  clieifiisclnii  Analyse,"  Taliiii^^iiu  lf573;  "Die 
oiianUtattve  Spcktralaualys*?  in  ilirer  Anwenrhui^  aut  PhyNiologie,  l^hysik,  CbriiU's  end 
T«chnoJogie/'  Tubiugin,  lS7tS. 

■  A.4  the  chief  of  Ilnfucr's  |>aiM'rH  hnvc  been  sibvady  jpiPt^'d.  nr  will  he  rticrrrd  Ut  Mih- 
■equetjtjy  in  detail,  ttitdr  dftt«»  aud  lilk«  are  uot  givtu  in  this  j^laee. 
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ately  the  i)osition  of  any  line  or  the  boundaries  of  any  absorption-band 
observed  in  the  spectrum,  it  being  usual  to  express  the  position  in  terms  of 
the  wave  length  of  the  light  corresponding  to  it.  With  this  object  the 
sj)cctruni  of  sunlight  is  observed,  and  the  position  of  the  principal  lines  of 
Frauenhofer  is  determined  in  reference  to  the  divisions  of  the  photographic 
scale,  or,  in  the  case  of  the  liner  spectroscopes  and  spectrometers,  in  reference 
to  the  divisions  of  the  graduated  circle  of  the  instrument.  From  the  results 
of  these  observations  a  curve  is  readily  plotted,  enabling  the  experimenter  at 
any  time  to  convert  the  readings  of  the  arbitrary  scale  of  his  instrument  into 
wave  lengths.^ 

For  all  exact  spectroscopic  work  the  eyepiece  of  the  spectroscope  should 
Ije  provided  with  cross-threads ;  and,  when  employed  in  the  investigation  of 
al)sorption  spectra,  if  possible  with  the  arrangement  employed  in  spectro- 
photometry, which  enables  the  observer  to  limit,  by  a  variable  slit  in  the 
eyepiece,  any  particular  spectral  region  and  to  shut  out  of  the  field  of  view 
the  remainder  of  the  spectrum. 

As  a  source  of  light,  for  some  investigations  the  light  of  the  sun  reflected 
from  the  mirror  of  a  heliostat  driven  by  clock-work  is  desirable  ;  for  general 
j)urpuses  the  light  of  the  sun,  reflected  from  a  white  surface,  may  be  employed. 
Artificial  sources  of  illumination  possess  the  great  advantage  of  being  available 
at  all  times,  and  susceptible  of  considerable  constancy.  A  gas  lamp,  furnished 
witli  the  Auer  incandescent  burner,  is  the  l)est  of  all  lamps  for  the  examina- 
tion of  absorption  spectra. 

In  examining  tlie  absorption-spectra  of  liquids,  it  is  convenient  to  employ 
cells  or  troughs  with  i)erfectly  parallel  glass  or  quartz  sides,  Avhich  are  a 
definite  width  apart.  Such  vessels  are  made  according  to  the  model  of 
lloppe  Seyler,  and  sold  under  the  name  of  hxentatinomeiers  (Fig.  23),  the 
internal  surface  of  the  parallel  glass  plates  being  exactly  1  cm.  apart,  and  the 
little  trough  lacing  so  arranged  as  to  be  readily  taken  to  pieces  for  cleaning. 
The  small  troughs  em])loyed  in  spectrophotometry,  and  which  are  usually 
constructed  witli  great  care,  are  well  adapted  to  the  general  purposes  of  the 
spectroscopist. 

Instead  of  a  vessel  of  which  the  sides  are  at  a  constant  and  known  dis- 
tance a]»art,  it  is  convenient  for  many  purposes  to  employ  the  so-called 
/nfni(ifnsru/>(^^  or  lni'ni<fs<'it])e,  of  Hermann,-  as  shown  in  the  accompanying 
woodcut  (sec  l^lg.  24).  F  is  a  glass  plate,  forming  the  anterior  wall  of  the 
tuV)c  1),  which  is  supported  on  the  stand  A.  C  is  a  metallic  tube,  sliding  in 
and  (»ut  of  tlic  tube  1),  and  closed  anteriorly  by  a  glass  ])late  parallel  to  F.  K 
is  a  funnel  counnunicating  with  the  interior  of  I)  F  1>.  J>y  sliding  the  juston 
(J  in  and  out  of  the  tube  1),  the  capacity  of  the  vessel  I)  F  I>  and  the 
depth  (»f  a  stratum  of  liquid  contained  between  the  two  glass  i)late^s,  may  be 
modilictl  at  will  within  wide  limits. 

The  (Icptli  of  the  stratum  is  read  ofl'  by  the  aid  of  a  millimetre  scale, 
engraved  on  the  sliding  tube  C. 

As  the  al)S()ri>tion  of  light  })assing  through  a  coloured  liquid  depends 
u]>on  the  numlier  of  absorbing  molecules  in  its  [)ath,  l)y  doubling  the  thick- 
ness of  the  stratum  of  a  coloured  liquid  examined,  we  obtain  the  same  result 
as  \)\  examining  a  solution  of  double  concentration.  With  such  a  contrivance 
as  the  liaMiiat< (Scope,  we  are,  within  certain  limits,  {d)le  therefore  to  obUiin  the 
same  result  with  a  solution  of  constant  concentration  as  with  a  large  number 
of  soIuti«»ns  of  which  the  concentration  varies  in  known   proportions. 

'  In  a  w.iik  iiittii'l.(]  for  the  advance,]  studriit  of  pliysielo^'V.  it  a|»pcai\s  suporfluoas  to 
ciit<*r  into  >urli  ddails  coiir.  rnin^'  the  construction  «»t  tlic  spectroscope,  or  the  niethod  of 
workiiiL,^  witli  it.  as  cm  Ik-  Iturncd  in  all  com-scs  of  jaactical  jtliy.sics,  or  may  be  ibiunl  in 
any  cl<>nirntaiv  tr-ati^''  devoted  to  this  branch  ofj^ciencc. 
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The  spectrum  as  seen  with  solutions  of  varying  concentration.— 
When  well-arUnialise<l  iWlilniuati^d  \>hun\  (cuuUiiung  uu  an  average 
frnm  12  to  14  {ler  cent,  of  uxylueiiingluliiu)  is  dilated  with  iiiiie  times 
its  volume  uf  tlistilled  water,  and  a  wtiatuui  1  eiiL  tliiek  is  lanii^ht  before 
the  sHl  of  the  Hjiectroseope,  it  will  lnj  hmiui  tliat  the  whole  nf  the 
ipectnua  is  absorlied,  with  the  exeeptioii  of  tlie  red  eiul,  fir  ratlier  ui 
ihoee  ray«  liaving  a  wave  lengtli  greater  than  about  600  mill  ion  tbs  of 
imfllimetre  (X  600). 

If,  now,  the  lilood  Bolution  be  gradually  ihhiteil,  a  point  in  reached 
u  which  the  si>eetiniu  i^  (pruceerling  from  the  re*!  eml)  t-lear  up  to  I) 
(]i598),aiid  a  8trip  nf  green  ih  viwible  l>etween  h  and  F  (a  51K:j-x  4861), 
Between  D  and  h  the  absorption  m  intense  (see  Plate  I.,  Spectrum  4), 
ind  beyond  F  no  trace  of  light  appears.     On  diluting  still  further,  that 


Fjg.  23. — The  biT'iimtJuuitieter. 


Fl<:.  24. — T\nf  li,i>iuitiKTt:if|H'. 


which  apiieareil  as  a  single  wide  absoriilion-baud  belweea  D  nnd  h,  ami 
afterwards  m  the  sulution  was  progressively  diluted  between  J)  and  K, 
b  aeen  to  resolve  itself  into  two  distinct  absorpiion-bainls,  sejiarated  hy 
a  green  iDter8]>ace;  the  violet  emi  of  tin-  spectrum  is  still  |H»werfully 
tbeorljed  (l*lfite  I.,  Spectrum  A), 

Of  the  two  abs^irption-bantls  ju.st  refeneil  Ui,  the  <»nc  next  t*>  J  J  is 
ntlTOwer  than  it«  fellow  :  it  has  more  sharply  defineti  btirders,  avf/  fo  the 
rye  appenrn  ftwre  intai'Sf:  it«  centre  corresjKauls  to  a  ri7*)»  and  we  miiy 
convenieatly  distinguish  it  m  the  absorptioiidtand  a  in  the  8]«etrum  ol' 
oxyhjemoglobui- 

Hie  second  of  these  absorptiond^Mnds,  ij\  the  Diie  next  to  K,  uliicb 
we  shall  designate  the  band  j^,  is  broadt^r,  has  less  sharidy-ilclinnl  edges, 
aiad  its  centre  corresiinnils  appri»ximately  to  >.  r>rio'H,  l>etween  the  twn 
bands  is  a  green  intersiiace. 

On  diluting  the  solution  more  ami  mcue  largely,  and  emitinuiug  to 
eiamine  a  Btratum  1  cm.  thick,  the  abyoriition  of  tlie  violet  end  Isecomea 
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less  and  less,  and  the  whole  spectrum  as  far  as  G  appears  beautifully 
clear,  except  where  the  two  absorption-bands  are  situated  (Plate  I., 
Si)ectruni  2).  If  dilution  be  pushed  still  further,  these  disappear ;  before 
they  vanisli  they  appear  as  faint  shadows  across  the  limited  region  which 
they  occupy.  Tlic  band  a  is  said  to  disapj>ear  last.  I  find,  however,  that 
whenever  I  can  detect  a  I  am  able  to  detect  a  faint  shadow  in  the 
position  of  \  540->.  550.  When  the  bands  are  just  perceptible,  there  is 
no  obvious  absorption  of  either  the  red  or  the  violet  end  of  the  spectrum. 
Tlie  two  absorption-bands  of  oxyhiemoglobin  are  seen  in  greatest 
perfection  when  a  stratum  1  cm.  thick  of  a  solution  containing  1  part 
per  1000  of  oxyhiemoglobin  is  examined;  this  corresponds  to  a  solution 
made  by  (Uhiting  from  1*2- r4  parts  of  blood  to  100.  They  are  still 
}>erceptil)le  when  the  solution  contains  1  part  oxyhicmoglobin  in  100,000 
parts  of  water  (I  grm.  in  10  litres). 
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Fig.  25. — rJra]»liic  icpresoiitiitioii  of  the  si>ectruin  of  oxyh.Tiiioglobin  ami 
li;i'Jii();^'lobin.       Tlie   imiiilx'r.s   on    tlu;    light    aiv    ])i*rceiitagcs. — After 

Kull.'ii. 


The  aliovc  li^iiri*  ilhistrates  a  method  of  representing  gra])bicnlly 
tlie  vaiiai  idiis  in  t  he  s]>octrnni  of  tlie  blood-colouring  matter,  eorresjjond- 
inu'  tn  all  (■(•iHMMitialions  (a  stratum  of  1  cc.  being  examined).^ 

In  Hh'sc  <liagranis  the  ])ositi(ni  of  the  ])rin('ii)al  Fraiienliofer  lines 
is  sln»\vn  ;  the  numbers  on  the  right  indicate  ])ercentages  of  the  blood- 
eolnuiinu  mailer.  The  shaded  ])art.  of  the  diagram  indicates  absor]»- 
tion  of  light,  jiy  drawing  lines  ]>arallel  to  the  abscissa*  we  at  once 
ohscivc  tlic  charactiM*  of  the  absor]>tion  sjKM'trum  which  corresponds 
to  the  concentration  indicated  at  the  right-hand  sid(^  of  each  diagram. 
Thus,  hv  insjiection  of  the  left-hand  diagram,  wc  learn  that  solutions  of 
oxyha  irio'jlohin,  containine;  more  than  O'Go  ]>cr  ecnt.,  exhibit  a  single 
hroa<l  absorption-band  in  the  visible  s])ectruni,  owing  to  the  fact  that 
the  two  ahsdijition-hands  a  and  /3  have  run  together,  and  that  the 
green  iiilerspace  hclwccn  h  and  i^'  is  shown  only  by  solutions  of  less 
concentral  loll  lli;in  from  (I'S  to  (Vl)  ].cr  cenl.  A\'hen  the  al>sorj>tion  of 
this  pari  of  [lie  sjtectium  is  complete,  only  orange  and  red  remain 
unahsoi  l.(MJ. 

Jiy  jplaciii;^  ihc  solution  of  o\yhanioul"biii  in  a  wt'(lge-shaj>ed  cell, 
'  A.  h'ollrtt.  "I'livsinlM-ir.]...  lUul.s.-'  lldiiiaiiii'.s  ••  ll;.i,.llai(-li,"'  Lrii'/i^s  18.^0.  r„l.  iv. 
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the  slit  being  perpemlicular  to  the  edge  of  the  wed^e^  the  aceunicy  of 
Uie  ditigi^im  can  be  reahwed  ohjei'tivelr,  eaeli  section  of  tho  ^ht  fnrminp; 
i  spectrum  cnrre8|jnjidinf:  with  a  ^ivfii  tljirkiies.s  of  Htratnin,  wliidi 
iiicrea8e$  in  a  enntinuiMis  maimer  fr<ym  the  ^ib^o  towards  tlit^  liaw  of  the 
wedge>     This  mcthnd  <)f  examination  was  tirwt  eniplf>yed  hy  J,  H.  Glad- 

The  theory  and  methods  of  spectrophotometry.— The  spectro- 
photometric  constants  of  oxyhsemoglobin  -  (a)  The  theory.  — In  te- 
msting  an»l  attraelivo  thniij^h  it  iiiidfinhtedly  is,  the  nxainination  of  an 
attei3rption-8pK:?etruin.  or  the  euni]iaTiHfin  of  allied  ahsnrptiini-s]ieetra,  by 
the  uiiaideil  sense  «>f  si^rlit,  may  htj  nia^ndarly  dcri'ptive. 

The  impression  whirli  tlie  unaideil  eye  eiiablen  us  t«>  furiu  of  the 
l)rHiri<lirie.*i,  the  breiKUh,  the  intensity  of  an  absorptinn-band,  or  nf  the 
extent  and  *le|)th  nf  a  less  defined  ;^eneral  ahsni^ption.  is  oi'ten  very 
falkciotis.  When,  for  instanee,  tlie  alworption  iif  a  definite  region  nf  tlie 
fpectrum  e^jnimenees  *nnl  ceases  abruptly,  the  band  apjiears  U>  tlie  eye 
more  intense  than  when  tlie  absor|ition  eomnieii(*\s  and  eeases  more 
gra<lually.^  Tlie  most  striking  illustratinn  of  tlie  trnth  of  tliese  remarks 
is  mikH:*tl  furnished  by  the  two  oxyh;L'mt>f^lobiii  bands.  Tlie  firntj  le.«i8 
refningible  band  (a),  hae  always  been  deserilied  as  imicli  more  intense 
than  the  sec*mtb  wldeb  is  broader  ami  less  sharply  detnietb  ^nd  nn- 
questionably  this  is  the  iia|avssirai  whieb  we  fijrm  by  tudinary  metbocls 
of  examinatiidL  Vierordt'*  lias,  however,  slmwn  that,  in  <ipp<>sitinii  to 
the  ^Tsnal  iuipression,  a  i^reater  pen^entaf^e  (*f  li^/bt  is  alisorhod  in  the 
spectnil  region  whieb  eorresponds  to  tlie  seemid  band  than  in  that 
cwrrespondiug  to  the  first  band.  Mea soring,  sper  trojiliotrnnetrieally,  tlie 
percentage  of  light  remaiiung  nnabsra-Ijed, after  traversing  a  stnitom  I  em, 
brottd  of  a  Rohrtifm  eontniniiig  1  fn^r  r-L^Tit.  of  ili'tlbriiinted  mamiiudinn 
HrnKl,  he  found  that  in  the  region  of  the  first,  ;ii»]ijireiitly  mnre  intense 
band,  87  l^v  cent,  of  the  light  was  absorbed  ;nid  13  per  cent,  tnins- 
mtttecl;  whilst  in  the  region  of  the  seerknd,  np])aniitly  less  intense  band, 
90  per  cent,  of  the  light  was  absrirbed,  and  ^^nly  IfJ  jier  cent,  transmitted. 

Tliis  result  at  finee  suggests  the*  nec^essity  of  a  methoil  of  determin- 
ing quantitatively  the  nmount  of  light  absorbed  l>y  jiny  mediom  wlmse 
absorptinn-sjiectruni  foinis  tie'  stihjeet  «if  investigatinn,  instead  of  trusting 
to  our  unaided  sense  itf  sight.  Wiieti,  however,  we  ;irr  made  nc<[nriint<*d 
with  the  remarkable  ami  far-reaching  c^nn-losittris  which  rnii  1j(^  h*giti- 
ntat4ily  drawn  from  an  ncp urate  determinatioH  of  i\\v  pert-entfige  of  light 
of  a  definite  wave  length,  absorbed  by  eidouring  matters  existing  in 
dilution,  the  Ijeaiity  and  the  import-uine  of  tfie  laetfiof]  of  siicctrojihuto- 
m(?try  become  ap]varent.  Until  Viiiordf/s  disntveiy,  thnst;  roll lu rod 
IxMliea  vvlu>se  visif»le  spt^ctrma  piesr^nfcd  w^  ilefinite  altsorptinn-lKHids, 
were  held  iu  be  beyond  the  sr^oiie  of  sjicctroscnpic  research.  N<»w,  liow- 
ever,  we  know  that  a  ]jhotometrie  study  of  the  spectrum  ufTonls  ns  not 
nnly  the  means  f»f  ifjentifying  them,  but  su]i|>lios  us  with  a  metliod 
for  the  fjuantitjitive  analysis  of  colouring  nuittius,  surfiassiiig  all  others 
inaeeuracy,  and  permitting,  in  certain  eases,  of  the  accunife  dcterniination 
of  data  not  to  be  ascertained  in  any  other  way, 

*  J.  H.  Glsd^tone^  **0n  the  Uhc  of  tfif*  Prism  in  Qnilit.itivp  Aiuil^^sis,  '  J*mrn,  f'hrm, 
*^.,  Ijondon,  1S58,  vol.  x.  p.  79. 

'  A,  RoUt^tt,  "Phy.'^iofogie  da^  fShitrs/'  nerniiuirw  '' ltniil1in<}i,'  h<\p/\*t,  li^SO,  iUh  iv. 
mi,S.  50. 

*  "  Dit?  Afiwijudung  dea  Spektral-apparatfis  zur  Plmtotuc'ti  ii' rf<  t  AtHnrpt5i>nMS]K'l<tr<^"n," 
TwUngen,  1873. 
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1.  Relation  hetvjeen  the  concentration  of  a  solution  and  the  percentage 
of  light  ahso7'hcd  by  it. — Before  investigating  the  theory  of  the  methods 
of  spectrophotometry,  to  be  subsequently  described,  it  is  essential  to 
examine  (1)  the  relation  which  exists  between  the  power  of  light 
absorption  exerted  by  a  coloured  liquid  of  constant  composition  and  the 
thickness  of  the  layer  traversed ;  (2)  to  study  the  influence  of  concen- 
tration on  the  absorption  of  light  by  a  stratum  of  a  liquid  holding  a 
colouring  matter  in  solution. 

It  was  shown  by  Lambert  that  if  light  of  intensity  /,  by  transmission 
through  one  layer  of  an  absorbing  medium  of  thickness  1,  has  its  in- 
tensity reduced  to  /-  =.  -  by  transmission  through  d  such  layers,  the 
Ji7ial  intensity  of  the  light,  which  we  shall  represent  by  /',  will  be  re- 

(hiced  to  — ,  i.e.  F  =  — .     Beer  showed  that  Lambert's  law  holds  ^ood, 

n^'  n^  ^ 

not  only  for  transparent  soUd  media,  but  also  for  licjuids,  i.e.  that  the 
amount  of  lUjlit  absorbed  by  a  solution  of  a  given  colouring  matter  of  con- 
stant eoncentration  is  dej^endent  ujwn  the  thickness  of  the  stratum.'^  This 
lam  is  only  true,  hovjever,  in  res2)ect  to  monochromatic  light. 

We  must  now  examine  the  influence  of  the  concentration  of  a  liquid 
e(nitainin<^  a  colouring  matter  in  solution  upon  the  percentage  of  light 
which  it  absorbs  and  transmits,  when  the  stratum  examined  remains  of  a 
constant  width,  L  It  has  l)een  experimentally  proved  that  the  absorp- 
tion exerted  by  a  stratum  of  a  coloured  solution  of  known  width  is 
equal  to  that  exerted  by  a  stratum  twice  as  tliick  of  a  solution  of  half 
tlie  Concentration ;  i.e.  the  absorption  which  light  undergoes  in  pajisiyig 
through  a  stratum  of  coloured  liquid  of  unit  thieliness  inrreases p^opor- 
ti  on  ally  to  the  eoncentration. 

2.  Definition  ef  the  "  extinetion-coeffieient.'' — In  tlieir  photo-chemical 
researches,  studying  the  comparative  absorption  of  light  by  ditlerent 
gases,  Buiisen  and  Eoscoe-  introthu'cd  the  conception  of,  and  defined, 
the  so-called  r.rtinetion-eoejfieienl.  They  ascertained  the  relative  tliick- 
nesses  of  the  stiata  of  various  media  required  to  reduce  the  intensity 
of  light  passed  through  them  to  one-tenth  of  its  initial  value,  and  defined 
tho  oxtiiH'tinn-cooilieient  as  tJte  reeijn'oeal  of  the  numhrr  cj^f^ressing  the 
width  (f  the  strrffu/n  (f  a  given  medium,  required  to  reduce  the  intensity  of 
light  /Hfssrt/  through  it  to  o/tr-teuth  its  initial  ralue. 

For  any  given  coloined  niediuni,  e.g.  a  solution  of  a  colouring  matter 
of  a  dcfinito  strength,  there  must  he  a  definite  thickness  of  layer  wliieh 
we  shall  call  d,  ea]»al)le  of  reducing  the  intensity  of  light  to  one-tenth 

its  original  \alue.     The  I'eeiproeal  of  d  is    , ,  and  if  by  g  we  represent 

the  extinction-eoelHeient, 

1 

'=d 

As  will   lie  shown  in  the  sequel,  the  metluxl  of  speetro])h(>toniet]y 

disr<>\'('i-ed  l»y  \'iei<irdt  i<'sts  upon  the  deteniiinatinii  of  this  constant   s, 

for  ]»articnlar,  very  limited,  re^i(»ns  of  th(^  s]»eclruin.      The  ]aactical  ditli- 

culti(\s  of  vaiyiuLrthe  thickness  of  the  stratum  (»f  a  (mjIouicmI  li(iuid,  until 

^  Will  II    tlif   llii'  kiirsvr-  ot     \aii')iis  stiata   ijicicMSc  in   aiitliiiH'tical,    tlic    inttMisitics  of 
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the  intensitj  of  the  light  remaining  imabsorbed  is  reduced  precisely  to 
one-teiitbr  would  be  extremely  gi^eat.  Fortunately,  the  coefficient  of 
extinction  can  l>e  determined  in  a  mitiiner  pienenting  far  snuiller  practical 
Jifficiilties  and  admitting  of  great  aeeiiraey. 

If,  instead  of  varying  the  thickness  of  tlie  fltratuni  of  the  coloured 
•Dlntion  until  the  initial  intensity  of  the  liglit  entering  it  is  reduced  to 
ona^tenlb  its  value,  we  invarialily  examine  in  our  photometric  invcsti- 
gj^ioiw  a  stratum  of  unit  width  {»ay  1  cul),  nr  a  stratuni  of  known 
wiiltli,  and  poBsess  themeanH  of  estimating  tlie  pritportion  nf  light  whieli 
remains  unabsorbed,  we  pcjsseas  data  enabhng  uh  to  calculate  tlie  ex- 
tinetion-coefficient 

It  was  previously  shown  that  /'  =  --  and  tliat  s  —  -.,  and  wtien  .r  =  f/, 

/*=  iV    Then  log  F  —  —  x  log  ?*,  and  d  log  ti  =  1 .  \  g  =  It  ►g  n  =  —  —^^ —  ; 

m  that»  if  the  thickness  of  the  etratum  traversed  by  the  liglit  be  known, 
Hud  the  intensity  of  the  unahsorlied  light  /'  aHeei  tjuned,  the  eoetli<'ieiit 
f  mu  l»e  calculated.  But  if  •'-  be  of  tlic  ( ruiHtaiit  \i\\vm  1  (s<iy  1  nm,), 
liien  £  =r  —  log  /';  that  is  tfi  say,  fht  *\ti(HdUm-<'orjJiv'n'u(  in  ffjitnl  (0  thr 
Ht^iitive  fotfarithm  of  the  nnaJmirhai  lufhf.  I^'t  uh  .^uppoHe  tliat  \\j  pass- 
ing tlmjugh  a  stratum  of  coloured  sulntirtn  I  cm.  wide,  Ihc  intensity  id* 
%ht  has  been  rediu^ed  to  two-tfiirds  its  miginal  valur,  Ibi'U 

2 
I  ^  --  log  .,  =  log  :\  -  log  li 

^0470091 

3.  Dtjiiiiiion  €ff  the  term  **  absorption  jrlfdiitn." — It  has  already  been 
stated  (see  previous  page)  that  the  more  conri'ntratcd  a  colniiri'd  li(|nid, 
the  greater  it«  absorbing  power,  the  small*-r,  therefore,  is  tlio  vvidlb  nf 
the  stratum  re^piired  to  reduce  tlic  intensity  of  the  light  pas.sed  thmngh 
it  to  one- tenth  of  itw  initial  value.  Ah  tlic  cxtinrtion-efKd!irit!nt  is,  by 
definition,  the  reciprocid  of  the  thirknes.s  of  tlie  stratum  retpiircd  to 
bring  about  this  result,  it  follows  tfiat  the  greater  the  concentnitiou  of 
the  srdution,  the  grejiter  will  be  tbe  extinction-eoetbcicnt :  in  tftber  wiails, 
the  extinction-coeificient  e  an<l  tlie  ('(nirentnition  *'  are  ]jri»]Mirtional. 
Let  c  and  *''  represent  the  conrentration  of  two  rolmneit  .solutions,  of 
which  the  extiuction-coeliicients  are  i  and  g'  resijcetively,  then 

r  :   !  =  r'  :  g 

i  E 

ii,  the  reiatiofi  of  the  comrntmtion  of  a  ntltunrfl  so/iftiofi  fa  it.^  etfrnHion- 
eoejicient  is  a  condiint,  rcprcseufat  Inj  A^  (tnd  irnfUfi  Ihr  "  Ahsorplioit- 
reiiiion**  (Abmrptiomtrrlttfiffii^'^'i,  Vierordt).  Upon  the  determinatinti  of 
this  constant  rests  Vierordt*s  method  of  rpiantitMtive  s])ectropli(jtometric 
analysis.  If  we  have,  in  the  wise  of  a  sohition  of  a  ])Eirticular  liody, 
determined  by  analysis  its  concentration  t\  and  then  with  the  spectro- 
photometer determined  its  extin<'tir>n-coctfieient  for  a  pmiit'ffhir  sprtfrul 
rwyuw,  and  thus  obtaineil  the  vahie  of  A,  we  can  tiiid  out  liow  much 
of  the  same  suljst4ince  is  Cfuitainrd  in  a  sobitifai  of  unkiiriwn  strength 
{c)  by  merely  determining  g',  according  to  the  equation: 


2l6 


HAEMOGLOBIN, 


It  is  usual  to  determine  the  value  of  the  constant  A  of  any  coloured 
body  under  examination  for,  at  least,  two  spectral  regions.  The  reasons 
for  this  })ractice  will  appear  in  the  sequel. 

(b)  The  actual  methods  of  spectrophotometry.— The  elementary  theo- 
retical discussion  of  the  theory  of  spectrophotometry  which  has  preceded  has 
shown  that,  as  developed  by  Vierordt,  it  resolves  itself  into  the  determination 
of  the  extinction-coelficient  and  of  the  absorption  relation  of  coloured  bodies, 
and  tliat  tlie  optical  investigation  is  concerned  with,  and  confined  to,  the 
detormiiiatiou  of  the  value  of  c.  We  have  now  to  consider  the  two  principal 
methods  by  which  this  determination  can  be  elfected. 

Vin'or<1fi<  rnetltofJ. — For  the  determination  of  the  extinction-coefficient 
accord inj^r  to  tlic  original  method  of  Yierordt,  any  good  spectroscope  of  the 
type  introduced  Ijy  lUuisen  for  laboratory  purposes  may  ])e  employed,  provided 
certain  nioditications  and  additions  are  made.  The  most  essential  of  these 
modifications  consists  in  replacing  the  usual  single  slit  of  the  collimator  by  a 
doubh;  slit,  ij\  1)}'  a  slit  composed  of  two  independent  halves — an  upper  one 
and  a  lov.er  one — each  of  which  is  controlled  by  a  micrometer  screw  provided 
with  a  divided  circle  or  drum,  so  that  the  width  of  each  half  of  the  slit  may 
l)e  ascertained  by  direct  reading  (see  Fig.  26).     In  so-called  symmetrical  slits, 
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V\<-.  ■„'•'•.  T)<.ulil'*  slit  oiiiploypil  ill  Viorordt's  motliod  of  spcctrojilioto- 
tiK  Irv.  .IS  ndinstpd  to  tlii-ir  spcti-oiiliotoimdcrs  1)V  llic  l')iotli<'rs 
ixni^s  ..ni.nld.nr-'. 


liotli  (mI^cs  of  ilic  slit  move  syiiinictrically.  When  the  two  halves  of  such  a 
slit  aic  of  the  >aiiic  widtli,  //'  /hr  ilhi niiiKtfion  ho  /nn'jnrnt,  the  oliserver,  on 
lofikini^f  Ilir<>iit:li  the  telcscojte  of  the  sjiectrnscojie,  observes  two  su]ierposed 
s])C(tia  -d'  <<jii;il  hi'iuiitness.  If  one  slit  he  narrower  than  the  other,  the 
ilhiniinnlioii  of  ihc  correspond in*^'  spectrum  will  ho  diminished  in  ])roportion. 

The  scroiid  iiiodilication  which  has  to  he  made  in  the  ordinary  spectro- 
scope coii^i.^ts  ill  suhstitutinir  for  the  usual  eyepiece,  one  which  is  provided 
with  a  slit  for  i-voJatiuL'  any  desii'cd  reirion  of  the  sp<'rdruni,  the  remainder  of  th(^ 
.Npcctiniii  heiiiL,^  (.iiiccMled  froiii  view.  In  \'i<'i'or(h"s  ori_Lrinal  instrument  this  slit 
was  formed  hy  two  liiteral  shntteis,  uioviiiL:  in  tlie  foe;il  plane  of  tlie  eyepiece, 
whi<  h  <oiil(l  he  ap]iro\iiii;ited  to  any  desired  extent.  This  simple  contrivance 
ha<  Imm'ji  |,erfeited  1  ,y  Hufner,  aiul  adapted  to  hi^  heautiful  spectrophotometer. 
A  v<M\  in'jeiiioii>i\  (d;iiii\(Ml  and  readily  adju-led  slit  ha^  heen  devised  by  tlie 
lh-othei>  Ki-iis^of  Hanihnr'j,  an<l    adapled    tn   the   ^peet  i-ophotonnders  made  hv 
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their  (irm.  Whatever  the  precise  form  of  the  slit  in  the  eyepiete,  it  must 
pennit  of  the  isolation  of  a  perfectly  defined  fipectml  region,  and  t^f  the  jiretiso 
determination  of  the  limits  of  that  region,  tlieae  being  expresj^ed  in  wave 
lengths.^  For  all  colour<^d  siilutions  there  are  regions  in  which  the  aV>^orption 
of  light  Ls  peculiarly  distinetiv(%  and  whifdi  are  s[ter]"ally  favonmhle  to  the 
determinition  of  the  coefficient  of  extinction.  In  the  case  of  oxyhamifiglohin, 
Hufner  his  in  his  most  recent  researchen  selected  n  part  of  the  region 
between  the  two  ahsorptiondjanils  (A  550-^  540)  ami  a  ]»art  of  tlie  region 
lyi^g  Within  tlie  second  i>and  (A  54;2'5-A  531  %^). 

There  remains  bo  be  ilescrihcd  an  a!»snkitely  essential  accessory  to  the 
^ectjoscope,  without  which  it  would  he  imiKJssihle  to  determine  the  fsjret  tro- 
|dliolometnc  constants.  This  is  a  specially  contrived  glass  trough,  for  liolding 
the  solutions  tci  be  investigated,  the  anterior  and  pijsterior  walls  of  whicli 
»re  formed  by  two  |>erfectly  parallel  gla^^s  ]ilatea.  Tw<»  forms  i»f  this  trough 
m^  shown    in    Fig.   27,  whilst  Yv^,  28   i^xhihits   a    trough    mounted    ou    its 


rrii,  *Js,— Tioii;l^]i  innniitirl  on  starid, 
as  uscil  ill  sinTtrojihotuiiM'try. — 

Afti'T  Kriiss. 


easily    and    gradually 


Frfi-  27, — Glass  trou^jlH  for  cmi tain ing  thrlS-jiodM 
.     to  be  examine^l  l»y  the  njetlHvls  «f  spLvtto* 
photometry.  —A  Iter  K r^bn. 

s^nd,     the   stand    permitting    iA    the    trough    boi 

lowered  or  raii^ed,  and  of  its  l>eing  accuratrly  level  lid. 

The  inner  surfaces  of  the  parallel  glass  plates  of  iho 

little  trowgh  are  exactly  11    mm.   apart,       A  ^'Ias.s 

cube  (allied  after  the  person  who  suggested  its  use, 

<fer  Schnlz'sehe  Glaiffcorper)  i^xavtly  10  miu.  hroad, 

and  half  the  height  of  the  interior  of  the  trough, 

rests  on  the  floor  of  the  latter^  so  timt  the  anterior 

Aod   posterior  surface  of  the  cube  si  mil  Ijc  parnll"  1 

with  the  glass  plates  of  the  trough  (Fig.  211).      Win  yi 

the  coefhcient  of  extinction  of  a  roloiired  lif|iiid  is 

to  be  determined,  such  a  trouj.;h   is  filled   with  it. 

When  light  passe.^  thron^^h   tire  lower  half  (if  tlip 

trouj;ht  it  must  travertte  a  stratum  of  colouretl  liqnitl 

I    mm.   in  tbicktiess,   whilst  li;^ht   passing  tllr^►^lJ.Jll 

the   upper  half  traverses  a  stratum   II   mm,  tliifk. 

In  the  latter  ease,  the  light  ia  euhjected  to  the  absorbing  aclifai  u(  a  layer  of 

*  The  reftd«r  who  wisli(<8  to  nnd^rstand  the  dnt^iilH  whir^h  n-rn  invrsHfity  Tui  pmiliral 
work  in  tpectrophotoiiietry  h  advised  to  nnd  lu  the  tmi  instance  a  usyrul,  iiiiirtiil  almost 
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tnnigh  with  The  St^hnh- 
^nrhr  fJltf.^kor/n");  «,  in.  sihf 
fscht?3natir\ — Afttr  KrtWH. 
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coloured  liquid  1  cm.  broader  than  that  which  is  contained  in  the  lower  half 
of  the  trough,  and  ihU  is  for  spectraphotometric  puriwses  exactly  equivalent 
to  interposing  a  Ktratuni  1  cm,  broad  in  the  path  of  the  lit^ht  impinging  on  one 
(the  upper)  half  of  thia  »litj  and  no  coloured  liquid  in  tbcj  path  of  the  light 
reaching  the  other  hal ', 

Spectrophotc»metr^  \  measurements  are  invariably  made  by  the  aid  of  artificial 
light.  Hitherto,  oil  o  ^  petroleum  lani[>s  have  been  used  for  thig  ptirpos^e,  hitt 
lately  Hiifner  has  ado  itcd  a  gas  lamp  fitted  with  an  Auer  incandescent  burner- 

We  are  now  in  \  [*o?rition  to  complete  our  explanation  of  Vierordt'a 
method.  We  sludj  ,  ssiune  that  a  spectrophotometer,  such  ^s  has  been 
described,  is  at  the  d  Aposal  of  the  ol>server,  Tlie  lamjj  is  lighted  and  the 
height  of  the  flame  adju^^tedj  so  as  to  e<|ually  ilhirainate  the  t^o  Imlvea  of  the 
double  slit;  this  is  seen  to  ^'^  *^'"  '^"^'"  ..^.-^v  ^iih  equal  widths  of  the  alitiS 
two    superposed   ^pectrt  ghtnesjs   are   seen.      The    two 

halves  of  the  slit  tire  iXw  t  which  i.^  thought  advisable  ; 

we  shall,  for  convenien*'  e  that  they  have  been  opened 

to  the  extent  re|)rese'  he  two  divided  circles  of  the 

micrometer  screws,  jio  ).     The  observer  tlien  HiTanges 

the  slit  in  the  eyepici  neasure  precisely  the  region  of 

the  spectrum  for  whiel  b  the  coefficient  of  extinction. 

In  the  case  of  hcTmoglo  mil  of  CO-bnenjoglobin,  he  will 

select  for  his  observatii  m^  which  have  heeii  i^hown  by 

Hiifner  to  be  specially  nination,  an<l  in  which  he  has 

determined  the  cous*tan  -_„,a  a^  A^  and  A\  respectively. 


Yu',.    130. — A   spectrophotometer  with  absorption   trough   and   lamp  as 
ariHiiged     lor    spectropliotometric    determinations    by    Vierordt's 

method. 

Tlii.s  operation  having  been  effected,  he  will  again  observe  whether  the  two 
limited  spoctral  areas  ap])ear  to  be  of  precisely  equal  brightness.  If  this  is 
the  case,  the  trough  containing  the  coloured  liquid  is  brought  in  front  of  the 
double  slit,  and  the  height  of  the  former  is  carefully  adjusted,  so  that  the 
upper  border  of  the  glass  eiiKe  ap[)ears  as  a  line  exactly  coinciding  with  the 
separation  between  the  upper  and  the  lower  spectral  strips. 
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We  shall  suppose  thiB  result  to  Iibvc  been  attained,  and  next  direct  our  atten- 
tion to  the  relative  ilJnmination  of  the  two  j^pectml  areas  tinder  examination. 
It  will  be  at  once  seen  thai  the  interpiisition  of  the  aUsorption-rell  hua  brought 
ftbout  a  great  difference  in  this  respecL  The  u|>per  sjieLtnun  is  seen  to  be 
mueh  less  bright  than  the  lower,  the  diflerencc  depeiKlin^  ufKni  the  amount 
of  colouring  matter  in  solution.  Unless  the  coneontration  be  excessive,  we  ean 
rwtare  the  equalitj  of  illumination  of  the  two  superjiosed  sjieetral  areas  by 
narrowing  the  lower  slit.  This  is  done  with  great  (tare  until  we  are  convinceil 
tluii  the  luminous  intensity  is  the  same  in  Wth,  m  thnt  we  luive  secured  the 
gicftlest  attainable  equality  (see^  beluw,  the  discUf^^inn  of  the  objet  tions  to 
Vierordt*s  Tiieth«rtl).  We  have  then  merely  to  read  tbo  division  on  tlie 
divided  circle  of  the  mierometerperew  of  the  lower  half  of  tlie  slit.  8iL[jpfKsing 
we  find  that  the  width  of  the  lower  slit  is  represented  by  division  20,  wldlst 
the  width  of  the  upper  slit  remains  at  100,  tlien  tlie  former  nundier  represents 
Ihe  percentage  of  luiabsorbeii  lights  We  have  .^een  that  the  extiitetion- 
coefficient  t  can  l>c  detenuined  by  the  fonnida— 

c=  -  log  /',  where  /' 

lepreeent^  tlie  uimbsr>rl>ed  light.  By  a  table  of  logarithms,  or  more  quickly  by 
special  tables,  we  hnd  that  in  our  ease  — 

^=  -  l^g/ffff  =^<:>S  100 -log  20 
€  =  0*(JDSl^7 

A»  has  been  shown,  having  detennineil  e,  we  may,  if  wc*  know  the  precise 
proportion  of  colouring  matter  contained  in  the  eolonreil  .^intinn,  caliidatc  the 
ralue  of  A;  or  supposing  that  the  substance  is  one  of  which  the  value  uf  .1 
has  been  determinedj  and  that  we  are  unacquainhd  with  its  coucentration,  we 
can  ascertain  the  latter  by  the  formula  c=  /U. 

Although  Vierordt's  method  of  determining  the  extinetinncoellicient 
poflseaees  historical  interest,  and  it^s  study  is  the  natural  intrntlurtinn  to  that 
of  the  more  perfect  methods  wbifdi  have  laeen  suggested  by  it,  it  is  open  to 
•erious  ohjections,  ti«  the  priufnpal  f^f  which  reference  may  hen*  be  made. 

However  wide  one  slit  may  be,  and  bowe;ver  niueb  the  other  may  be 
narrowed,  it  is,  in  the  case  of  solutiims  of  high  cidonfie  intensity,  must  dillicult, 
or  imposi»ible,  to  obtain  by  these  means  alnne  ei|i]:ility  in  the  illumination 
of  the  spectra  ;  and  accordingly  Vierordt  frequently  tuid  recMur>-i'  t<i  tlie  use  nf 
smrike-tinted  glass  plates  (NfinrhtjhtHfr)  of  inevinnsly  determined  aljsiirptive 
power,  these  being  inter[M>e«l  in  the  |*ath  of  ibr  light  whirh  bad  not  traversed 
the  coloured  solution.  There  are  umpiestional>ly  tbeorelical  iiiid  practical 
objections  to  this  nK»cle  of  j>roceeding.  The  principal  objection  in  Viernrdl's 
method  is  however,  a  fundamental  one,  namely,  that  no  absnbite  i  oinparisiku 
is  powibie  between  spectra  obtained  with  slits  varying  cnnsiderahly  in  w*  id  tin 
The  more  the  slit  of  a  spectroscope  is  widened,  not  i>nly  does  the  arnonnt  of 
light  admitted  increafie  and  the  sjiectrum  ]ie(!ome  brigliter,  l>ut  the  more  and 
more  impure  does  it  become,  L*",  the  greater  tlie  admixture  of  light  of  difrereitt 
wave  lengths  in  any  region  of  the  spectrum,  lint  ihi^  accurate  deterniinatinn 
of  the  coethcient  c  is  (mly  possible  with  nionuchrniiintie  light  It  has  been 
fsonght  to  diminish  the  error  due  to  tlie  causi*  jnsi  n^ferrol  to  by  ?^Mbstituting 
for  the  original  double  slit  of  Vierordt  nue  f^f  which  Itoth  vA'^i^^^  move  symmet- 
rically, eo  that  the  centre  of  the  slit  remains  in  a  i-onstant  jjositicn.  Altlhiugh, 
doubtless,  the  error  is  reduced  in  tliis  way,  it  is  not  entirely  cnrreete<l. 

Although  Yierordt\s  method  of  deli^rminiiig  the  valne  of  the  co-ellicicnt  c 
will  pro>«ibly  fall  in  ftiture  mUy  rlisuse,  his  great  merit  of  hfiving  liren  the 
firs^t  to  work  out  a  method  of  spectrckphatometry  admitting  rrf  run>.iderable 
accuracy,  and  of  having  discovertnl  and  established  its  apjdicability  to  the 
quantitative  analysis  of  colouring  matters,  will  always  endure, 

Hufner$  me^Acx/.— This  method,  which  lias   been  mailr    tnnie  and   mmv 
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efficient  by  the  long-Cftniniiied  kiliours  of  its  authorj  iliffers  from  Vierorilt*s  in 
the  mode  by  which  r-  equalisation  of  the  inteu.^ity  of  two  beams  of  light  is 
brought  about,  the  tferonet^  in  iiirj4ln  requiring  a  i?pectrophut(^nn^ter  which 
differs  in  important  re  'pccts  from  tbe  instruiaent  already  d*i,^eribed. 

In  Hilfner^s  spect,'ophokfnif*(er  there  is  a  si Nfjlf'  »!it^  fhe  wuUh  **/  trhi>h; 
after  it  has  been  once  wfjnsif*^^  i>  neter  varietL 

The  light  which  rt aches  onediulf  of  tliij^  slit  has  been  polnriBed  by  a  i^inaU 
Nichors  prism  (the  p<  lariser),  wliilwt  thfit  whif^h  rt-aches  thu  other  half  (ivhich 
in  the  determination  (  f  the  vahte  of  €  pa^^^es  through  the  thickiir  Ktratum  of 
coloured  liquid)  is  un  nlarisf^d.  When  these  two  beams  of  liglu  fall  upon  the 
refracting  prism  of  tli  ^  f^iie(*tro^copc%  tlipy  are  rt^fratteil  and  funji^h  t\vt>  ^uper* 
posed  spectra,  of  whi(  i  that  eorresjionding  to  tlm  [lolarisod  beam  is  naturally 
much  less  intense  the  ^  the  «ither.  Beforo  uiakiug  luiy  ohmervatious  'if  c,  the 
two  spectra  must  be  equaliscil,  thia  luMUf,'  dnnc  by  interppsirig  a  %vedge  of 
smoke-tinted  glass  in  tho  Twith  of  tht*  iiiuMjlaiT^i.:d  lH?am.  3v|uality  of  Uith 
spectra  having  been  obtame  Hum  l^e  placed  in  the  path  of 

the  unpolarised  beam,  it  =pMiidinf,dy  reilut'cd,     K(|uaiity 

is,  however,  restored  by  >l'«  |>rism  (the  aualy^Hpr)  which 

is  in  the  path  of  the  bf  rarting  [irii^rn,  and  the  rotation 

of  which  diminishes  tlj  d  l>oam  alone.     When  equality 

in  the  illumination  of  »st<*red,  tht^  an^Ie  (^)^  thn.mgli 

which  the  analysing  is  myaf?ured   in  tWii  opixis^ed 

quadrants  of  a  divided  frrni«r,  ami  from  the*   value  uf 

<^  that  of  /'  is  calculatj:* 

If  the  original  ini  and  the  intpnsity   of  tlm  ui> 

absorbed  light  which  ^d  nu'dium  be  reproeut*  il   liy 

/',  then 

*: 
If  the  layer  of  coloured  \\v^^  ateil  be  ulwayw  ^  I  {e.tj.  I  cm.),  theii 

f_^  ^  1<  tj^  vo^'^ 

The  following  exanqde  will  illur^tr:rle  i\u*  Uiotle  f»f  ]M'i>ceduro  and  the  steps 
of  the  calculation  in  nu  victual  r-xprriuH^Ut  for  tlie  detenuiuaticm  of  tlie  ex- 
tiuction-cooiriciont  of  Itlfimh  ^"arHid  <mt  with  Ihifurr's  spf^rjioplint^imeter r- — 

I  c.c.  of  defil)rinated  blood  of  the  ox  was  diluted  to  160  c.c.  with  a  0*1 
per  cent,  aqueous  solution  of  Na(OH).  The  absorption-trough  was  filled  with 
some  of  the  ])erfcetly  clear  red  liquid  thus  obtained.  The  spectral  region  (r), 
for  whicli  c  was  determined,  was  one  of  the  two  in  which  Hufner  has,  in  his 
most  rerciit  experiments,  determined  the  constant  A  of  oxyha?moglobin  {i.e. 
a  portion  of  llie  region  between  the  bands  a  and  /?  of  oxyhsemoglobin). 

r  =  X5r)7-5-A568-7 

(Mean  of  ten  measurements)     <^      =  GT'ST 
Convertini;      the      decimal 

fractions  of  a  degree  into 

seconds  <^      -  6r52' 

It  lias  l)een  stated  that  with  Hiifner's  spectrophotometer 

/'  =  eos-<;() 
and  €  =  -  log  cos-<^ 

In  tlie  above  experiment 

€  =  -  log  cos-Gl  '52' 

"-  -2  loir  ,'osr)rr)2' 
"-=  -2  (d-OT^no-i) 

"-  -  1-:M700  +  2 
"  =  0G5;i 


Nl/FNEI^S  SPECTROPHOTOMETER. 


23 1 


HiifQer*8  spectrophotonieter  is  an  itiHtruraent  of  bo  much  importance  to  the 
phjTftiologist  wLo  intends  to  work  at  spectrophotometry,  that  a  short  descrij> 
tion  of  tlie  arrangeiiients  of  itd  aeventl  parts  aj^pears  dt'>iirHhle. 

The  instrument  as  a  wliole,  as  well  as  the  jstaml  carry in^^  the  ah.surplion- 
iftjugli  and  the  lamp,  are  shown  in  Fig.  31. 


*^S33i^ 


Fig,  31.— Hufner*B  8ptctio|njatonicttr,  as  nuirli'  hy  Albrodit. 


The  !?pectrophotomett'r,  the  stand  fur  lln^  tron^^li,  and  Lhe  \au\\k  le.st  \\\\\a\ 
the  optical  Ijenrh  which  furiijs  tlie  husi*  fi>r  llie  whole.  The  pn.sitiun  of  the 
«pectrophi>tometor  is  eunstunt :  the  trouLjh-^tand  attd  the  \\\i\\\\  move  aJmi^Mi 
slide,  and  e^in  he  plared  at  itny  reipiiieil  di'^taure,  linrinLT  tlie  aetutil  experi- 
ment>  the  smterior  pdge  of  tlie  trnu^dt  in  in  close  foiita<jt  with  the  anterior  [lait 
of  the  colliniat^>r.  The  himp  {whicli  in  tlie  nnnlels  recently  and  at  prtisent 
constructed  is  a  ^as  lamp  pruvi<led  with  sm  Aner  incundeHcent  l»nrner)  i>i 
for  actual  w'ork  placed  at  a  ilistancp  of  24  Pi  25  ciii8.  from  the  distal  end  of  the 
coIHuiator.  The  lam[>  is  littetl  with  a  pn.sitive  len.^  the  focns  of  which  id 
niAde  to  correspond  witli  the  hrightest  part  of  the  tiame,  so  thiit  perfectly 
parallel  rays  fall  n[)on  the  ahsorption  trtm^di.  The  hitter  is  iti  all  respects 
mmilar  t<^  the  one  used  in  Vieri>rdt*s  method. 

Turning  our  attention  to  the  s[ieetrophoi(ajielin, sec  Y\\i,  ^Jl.it  i.s  seen  In  l^e 
eciiuposed  of  a  tliree-foiJted  stand,  furnished  with  levellin;^  screws,  the  stiind 
gupx^oTtinj.,^  the  platform  on  which  is  tixed  the  dispersiriLC  prism,  which  is 
enelused  in  a  nietidlic  ciit>e.  To  tlie  right  is  seen  the  colHmator  and  to  tln^  left 
the  t6le»coj»e, 

1.  The  ajllimator.'^Tlm  is  furnished  with  a  sithjfc  slit  forjuevl  hy  the 
ed^es  of  two  slides  moving  transversely,  eai  h  i^f  widch  possesses  its  own 
micrometer  screw,  furnished  with  an  accuratidy  ilivideil  drum.  This  arningc- 
ment  enables  a  slit  of  a  precisely  known  wiilth  to  ho  obtained,  ;ind  the  sHt  can 
be  widened  or  narrowed  symmetrically,— so  that  its  centre  remEiins  constant. 

Unlike  ordinary  spectroscopes,  Iliifner's  spectropliotometer  has,  lixed  to  the 
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front  of  the  slit,  a  metallic  box  enclosing  the  following  optical  parts.     (In  order 
to  facilitixte  our  description,  these  are  shown  in  the  following  diagram,  Fig.  32, 
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Fk;.  oii.— SclHMuatic  representatiou  of  the  path  followed  by  the  rays  of 
li^'ht  before  entering  the  slit  of  the  collimator  of  Hiifner's  spectro- 
pliotonicter.  —After  Kriiss. 


which  indicates  also  the  path  of  the  rays  passing  through  the  glass  trough 
containing  the  coloured  solution.) 

Placed  centrally,  in  the  position  shown  in  the  diagram,  is  an  oblique  parallel- 
(>pi]»ed  of  Hint  glass,  with  two  of  its  diagonal I'y-opposed  angles  in  a  line  with 
the  optic  axis  of  the  collimator.  This  admirable  optical  contrivance  (which 
is  known  in  (Jerinany  after  the  optician  who  devised  it  as  "der  Albrecht'sche 
(ilaswiirfel  odcr  Gluskorper")  refracts  light  falling  on  its  two  anterior  faces 
so  as  to  alter  its  direction,  as  shown  in  the  diagram,  and  as  will  be  after- 
wards referred  to.  Placed  anteriorly  to  the  lower  half  of  Albrecht's  body 
is  the  small  Xichol's  prism  </.  Corresponding  to  the  upper  part  of  the  glass 
body  is  a  coni[)osite  glass  plate  e,  with  perfectly  parallel  sides.  This  plate  is 
foriijcd  l»y  cementing  together  two  glass  wedges,  of  which  one  is  of  clear  glass 
and  the  other  of  smoke-tinted  glass,  and  can  be  moved  from  side  to  side  by 
means  of  ;i  special  arrangement.  According  to  the  i)osition  of  this  plate  it 
will  a]»orl>  more  or  less  light.  The  purposes  of  these  various  parts  are 
sullicicully  ol>vious  from  the  diagram;  aa  represents  the  absorption- trough  for 
containing  the  cojijured  liquid  to  l)e  spectro|)hotometrically  investigated.  In 
the  lower  lialt  (;f  the  trough  is  seen  the  Schulz's  cube  (h) ;  r  and  r'  represent 
two  parallel  Itcains  of  light  falling  on  the  anterior  surface  of  the  trough.  The 
lowci'  l)catii  (/•)  tiaverses  in  its  path  the  ^ichol  prism  (^/),  and  is  polarised  ; 
falling  then  on  ti»e  adjacent  surface  of  the  paralleloi)i|»ed,  it  is  deviated  so 
as  to  fill!  upon  the  uii[)er  half  of  the  slit.  The  upj)er  beam  may  or  may  not 
meet  in  its  path  the  comi)osite  plate  r  previously  referred  to,  and  to  which 
reference  will  a^ain  he  made.  This  beam  is  so  deviated  as  to  fall  upon  the 
lower  half  of  the  slit.  After  traversing  the  structures  just  described,  two 
beams  of  light  fall  upon  the  slit — a  polarised  beam  on  the  upper  half  and  a 
nonpolarised  heani  on  the  lower. 

'2.  Til"  /r/i'.<r(tj,r. — A  very  ingenious  arrangement,  which  is  indicated  by 
a  separate  drawing  in  the  centre  of  Fig.  31,  permits  of  the  j)recise 
jMoition  of  the  telescope  in  reference  to  the  prism  being  determined,  and 
coii^e(pieiitly  of  the  most  accurate  determination  of  the  position  of  any  line 
in  the  spt^ctiuni.  The  reader  is  referred  for  details  to  Professor  Hiifner's 
oi'iginal  description.  At  the  distal  end  of  the  telescoi»e  is  the  object  glass, 
next  to  it  is  a  .Xiihols  prism,  the  rotation  of  which  is  measured  on  a  graduated 
circh'  by  the  help  of  a  vernier.  In  the  focal  plane  of  tlie  eyepiece  is  a 
miMlitication  of  \'ierordt's  eyepiece  slit,  permitting  of  any  determined  spectral 
region  being  exactly  isolated.  For  further  details  as  to  the  construction  and 
adjustment  of  the   spectrophotometer,    the  reader  is    referred   to  the  original 
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of   information.     It  !?<  alx^ulutcly  eissctitial   ki  work    wiUi    Hufrier*fi 
-"■^^mpHotomet^r  in  a  perfectly  iJarkened  room. 

liefure  commencing  |)hQtonietnc  measureraents,  tlie  observer  will  ascertain 
wticthiir  the  ana] ysin^  Nicliol  is  in  tht3  position  in  wliirh  it  aliow8  the  iiolarisoii 
beuD  lo  |NI86  tuiabsorbed.  Hit  will  thi^n  fill  the  alisorptiuii  truugli,  atid  if^olate 
tad  meft^ure  the  spectral  region  for  whirli  the  extinction-eoethcient  is  to 
W  determined. 

On  now   lo«-iking  through   the   eye|>iece   twu  s[>eetial   .siriji.s  will  he  seen, 

i rated  by  a  shar[i  horizontal  line;  these  spectral  strips  will  he  of  nrieqnal 

.litness ;    the    upjier,    heiiig    a    portion    of    the   s[ie(rtruni    of   tlie    i)olarised 

:,   will    be    much    les^i   luminous   than    the   lower.       The   composite   gliins 

front   of   the   »<lit  of  the  collinmtoi'   i>  in>\v  moved  irnvards  in  the 

.,  ::  uf  the  beam  of  tlie  uni>olarisied  light,  .^o  as  to  diminish  its  ititeiisity, 

'.\  the  up|>er  anil  the  lower  spectral  strips  a]*pear  of  precisely  the  same 

(jTigbtuess* 

The  tiough  containing  the  coloured  liipiiil  under  investigation  is  now 
1lO%^ht  into  |:>osition,  the  tijjper  surface  of  the  ghtss  enhe  \i\  the  trough  l>eing 
]iliced  about  1  mm.  heluw  the  plane  pas.sing  through  two  horizontal  angles  of 
A]breclit*s  glai^  body.  Oji  now  examining  the  spectra^  it  is  at  unce  seen  that 
she  lower  of  the  two  is  darker  than  tlie  upjier,  Tlie  analysing  ^"icliol  is  then 
•ttefully  rotated  nntil  ecjuality  in  the  intensity  of  the  two  s|)e<*tral  strips  is 
ittained  ;  the  angle  through  which  the  [irism  has  been  moved  is  tlien  deter- 
Bilie«l ;  several,  say  live,  set^s  of  readings  being  made  in  two  opposite  (juadnints 
«l  the  large  dividtrd  circle.  The  mean  of  the-e  reailings  gives  the  value 
of^i 

The  spectrophotometric  constants  of  oxyhsenioglobin. — It  wuh 
pfeviously  stated  that  it  iw  usiiiil  tu  lietL'rrniiif  the  pliotoinetrie  efin^itnutH 
of  colouring  matters  in  two  apeutrul  regions,  ilto}^  rftjion^  htim/  rkoscfi 
im  which  the  rarkttions  in  the  ahsi}7jftnm  0/  lif/ht  are  must  ntpi(f/i/  fijf}ffrff 
hy  t^riatwns  in  the  cinictntralion  of  (ht  etdonriHg  multtr. 

The  reascmB  for  deternnning  in  the  lirst  iu.Htunee  at  least  two  Milnen 
for  ^  (which  we  whall  distingtiiHli  as  A  and  .1'),  and  wnhHeiinently,  eut^li 
time  that  a  determination  is  nnnh:%  aseertiuning  the  value  of  c  in  the 
same  two  regions  (the  two  extinetinn-c-i^etht  ieiits  heing  diHtingnished 
aa  c  and  c',  or  in  the  case  of  nxyhai moglohin  as  c,,  and  e,,')  are  tlu' 
following: — (1)  If  we  knrnv  t\\ii  value  f^f  A  and  A'  for  any  hndy,  \\v  are 
able  to  make  two  indepeiideMt  estimations  when  determining  the 
conceutration  of  a  Bohibion  of  the  Hanie  hi »dy  of  nnkriiiwii  strength,  the 
nne  es^tiniate  acting  aw  a  check  on  tlie  other.  {'1)  The  kiaiwledge  of  the 
value  of  A  and  A\  for  each  of  two  odonring  nuttters  n (-existing  in 
solution,  is  a  necessary  eondition  to  heing  aide  to  determine  spet^tro- 
phot^mietrically  the  amonnt  of  eaeh  emistituent  wlieji  oeenrring  together. 
(3)  In  the  case  of  oxyhteinoglobin,  lueinoglohin,  and  CO-hienioglohin,  the 

i|Uotient  -  is  absolutely  charaeteriHtie  of  eaeh  snhst^iMce,  and  aHbrds  a 

valuable  check  on  the  ]anaty  of  the  eolonring  matter  in  s^diitiou  and  on 
the  licciiraey  of  the  aoalysiR. 

Hiifner^R  most  recent  deternjinations-  of  the  s[iectru]ihotomctric 
eonstantH  of  oxylnemoglobin,  nKiile  with  his  jperfected  .spectrophotometer, 
have  led  to  the  results  shown  below.     The  two  vahies  of  A  are,  as  has 

*  Hufuer**  spectr->photoniet<jr  ia  consti uctrJ  lay.  ami  can  be  oUlaine^l  tinni,  tlii'  originnl 
mftkrr^  HeiT  Eu^en  Albredit,  UniversitatJ»-Merh«iiiki'r  111  Ttiltlnj^cn. 

*Hufncr,  •^Photoraetriseho  Constantendcs  Oxyluuuuglobitia/'vl rc/t.  f.  rhtmoi.,  Leipzig, 
1894.  FhyaioL  Abth.,  H.  134  et  »q. 
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been  previously  8tiitf?cl,  in  the  case  of  oxyhreraoglobin,  difltinguiahed  by 
the  symbols  ^0  and  A\,\  the  fimt  hm  been  detenniiied  for  the  spectrtil 
region  which  lies  l>el\veeii  i\m  two  hands  a  aiifl  ^  of  oxyhn?inoglobin» 
and  is  limited  by  X  554  and  "k  5G5 ;  the  .^econii  lui«  been  deteruiined  for 
the  spectral  region  which  corresponds  to  the  darkest  part  of  the  eecond 
(iS)  band  of  oxy haemoglobin,  and  extends  from  7.  53 It)--?.  542"5. 


Spectrophofo  nitric  (Jtinatanh  of  Oryhit^moglahin  ^  {Hiifner), 


Limits  of  Spa.'^Lnil  tlf^K^ton  in  whleli  Absorjj^tiaii  rtilAtiuii  A^y  iitid  A\  corn^ 

i„  and  I  p  wore  d^t^Tionn.'*!,  !  itKin^iitg  to  llie  two  rc^aiu. 


,     0-001312 


!ias  been  ghown  (see  p>  215), 
Ji  the  Idood  with  surprising 
uits  will  be  referred  to  in 
five  amniuits  of  luemoglohin 
of  blipnd. 
X:  il  the  ligiit  whk-h  spectro- 
ill       hich  po.sseHs  great  interest 


From  the  above  no 
to  determine  the  puree 
accnracy.      The  fiirtl; 
explaining  the  modr  ( 
and  oxyhiemoglobui  cci 

We  have  now  U\  i-unrii' 
photometry  has  sht-il  mi  t-uu.,. 

to  the  pliysiologist,  ;iT»d  whieh  htivx'  np  to  a.  certain  point  been  already 
discussed  in  this  arti<  !<-'. 

Hlifner  and  his  pupil  v-  Noorden  long  ago  noticed  that  the  quotient 

— !L,  wdiich  is  the  same  aw  -^,  was  vemiirkably  constant,  nut  only  in 

the  blood  of  animolri  nf  tfic  f^ariu^  i^iterit^s,  bat  in  all,  liowever  widely 
separated  in  the  anim^d  5i3ide.-  Su!j?^e<inent  i c?:^eare!a_^s  by  Hiifner  and 
liis  pupils,  carried  out  with  a  miifh  more  perfect  spectrophotometer 
tliau  the  one  emp^^y^1i  by  v,  Noorden  ami  himself,  more  than  confirm 
the  earli(U'  result.s  in  so  far  as  the  conKt^incy  of  the  quotient  is 
concerned. 

If  the  detiljrinad'd  lilood  \\i  any  animal,  ililutcd  with  150-160  ]3arts 
of  01  solution  of  XaUH,  nr  a  .s<»lution  in  the  same  dihite  NaOH  of 
crystals  of  oxyhjeijiogltjlaii  of  approximalcly  equivalent  concentration, 
be  thoroughly  oxygenated  by  shaking  with  air  and  tlte  values  of  s^  and 

g'„  be  determined,  it  wall  be  found  that  the  quotient  ^  will  vary  very 

sligiilly  from  loSO.  In  very  few  determinations,  out  of  a  large  number, 
was  it  as  low  as  I'oTiS.  So  soon,  however,  as  the  Idood  commences  to 
undergo  any  ehang(.',  as,  r.y.,  a  ])artial  conversion  into  metha^moglobin, 
the  coetlieient  is  lowered. 


^Tln'  values  of  A„  aii«l  A\)  given  above  diU'er  materially  from  those  which  had  K-en 
assigned  to  tlinn  |irevit)usly  l>y  Iliifiier  and  his  itujtil  v.  Noorden  as  a  i-esult  of  researches 
carried  out  with  Hntn<r's  eailier  and  much  less  perfect  sjieclrophotometer,  and  employing 
hiemoglohin  wlii«h  had  heen  tie<|uently  re -rystallised. 

-  V.  Noordi.'n's  oV»servations  include<l  the  hlood  of  man,  the  dog,  the  cat,  the  rat,  the 
guinea-pig,  an<l  the  owl.  "  Heiti-iige  zur  <iuantitativen  Spcktralanalyse,  in  bcsondere  zu 
(lerjenigen  des  lilutes ''  (aus  d.  Lai),  d.  Trof.  lliifncr  in  Tubingen),  Ztschr.f.  j)hysiol.  Chein,^ 

Sfraccbnr.r      ^  S<(\       H.l       iv      S      fUr?', 
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From  the  extraordiimrv  constancy  of  this  quotient  sniue  interesting 
ODnclusiona  may  Iki  legitiniately  drawn.  (1)  The  cnnHtJincy  of  the 
i^uotient  in  rill  finiuuils  iifTordH  |>reKiimjitive  evidence,  amounting  to 
absolute  proof,  tliat  thu  iron-eoiit^aiiiing  iiiuleeular  ^roup  existinj^  in 
hfiemoglobin^  iipnu  which  its  colour,  its  hj^lit-ahsorhing  power,  and  its 
capacity  to  c^judnne  with  O,  ('O,  and  NO  depeiuh  i-s  iih*Htical  in 
all  animals.  The  truth  of  this  hypotliesis  \^  borne  out  l>y  many 
wdghtv  facts>  cj^,  the  identity  in  chemical  eoinimsitifai  (as  revealed 
by  aniilysis)  of  the  iron-containing  products  of  the  deeoiuiMJsition 
of  haMnoglobin,  vvhatever  its  snnrce:  the  constancy  iu  the  ]>ro]>or- 
tion  of  O  and  CO  which  can  conihine  with  1  j^rio.  nf  lianinglnhin 
of  different  aniniala  (2)  The  cnnstancy  of  the  (pmticnt  (whrlher 
solution  of  crvBttdUsed  hiemnglubin,  or  an  alkaline  sohitiiai  made  by 
diluting  defibriuated  blood  with  0*1  per  cent.  vol.  of  Nji(OH),  or  a 
liquid  holding  intact  blood  corpuscles  in  snsjH>nHion,  be  invejsiigated ), 
shuts  out  the  jMissibility  of  more  tlian  one  (olouring  matter  existing 
in  the  blood.  It  rendei-a  absolutely  untenable  tlie  view^s  of  llohr, 
who  has  assumed  the  existence  of  several  banioglobins,  po.sscsstnl 
t)f  different  powers  of  ccuabitnug  witli  t^xygen  :  and  utterly  dis]»rove^ 
Hoppe-Seylers  hypothesis  that  the  ecdoiniug  matter  of  the  eorjni^cles 
is  ilistinet  from  hicmoglobin  80  as  to  deserve  a  s] fecial  designation  of 
arterin  or  phlebm,  as  the  ease  may  be. 

(ft)  Tbe  photogTaphic  spectrum, —  In  the  year  1878  the  late 
rrofeasnr  J.  L  Sorel,  i»f  (ieneva.  in  hi,s  first  menioir  on  l!u^  ab,sor]tLi(»ii 
of  the  ultra- vifdet  rays  of  tlie  .spectrum  by  ili verse  nrgauic  siilfslnm-es,* 
annouiiceil  tlie  fact  that  dUuled  blodd,  when  exaunueil  with  the  aid 
of  a  8]>ectrr>scope  prn\qdefl  with  a  fluorescent  eye]jieee,  presented  iu 
the  extreme  \dolet.  between  Frauenhofer's  lines  (I  and  H,  an  ai^sca-p* 
tion-band  which  api)eareil  to  him  to  be  .slightly  shifted  towards  tfie 
lass  refrangible  end  of  the  spectrum,  when  the  bliKMl  solution  was 
niurated  with  earl>onic  oxitle.  Soiet  subseqaently  -  miitiruicil  the 
aocumcy  of  the  above  facts,  em]doying  tlie  |ihijtngraphie  nu^liod  iu 
his  experiments,  though  he  publisheil  none  rif  his  plmtographs.  8iiu'e 
Lbe  date  of  the  piiblieatiou  of  Soret's  sliort  notes  on  this  snltject, 
d'Arsonval^  has  intlependently,  and  witlH>ut  referring  to  Secret's  obsinva- 
tionB,  described  anew  the  extreme  vi(4et  absnrpti<ni-bimd  nf  the  blnod- 
eolouring  matter,  but  without  adding  to  the  farts  diseoveied  Ity  the 
Swiss  observer. 

The  com])lete  absence  of  all  reference  to  Soret's  scanty  but 
interesting  and  suggestive  observations,  in  text-bonks  and  treatises 
OQ  physiology  and  physiological  chemistry  ;  and  llie  fact,  which  my 
own  observations  soon  elicited,  that  thi*  a}>snrptinn-bjiiid  nf  Snret  is 
eTen  more  distinctive  of  the  l»loo<l-(*nlnuriug  matter  than  the  absmp- 
tion-bands  in  the  visible  8].»ectrum  which  liave  bitht^ito  ertgrossed  the 
attenliun  of  observers,  led  me  to  study  this  absia]FLioi]'biind  iu  more 
detail    in   haemoglobin,   its   compounds   ami    principal    derivatives,*     I 

'J,    L.    Son^t,    "  Heche  rfhe«  Kur  rahsoi|«tion    il«*s   niyoiis    uUra-vkaU'ts   jiar  tlivcrscs 
JobstaDces, "  Arch.  d.  sc.  phifs.  ei  nal.,  OeiK'Vo,  1878»  p[K  322,  3f»0. 

«  Sorot,  ihid.,  18S3,  \y]K  134,  195,  204. 

^  A,  d'Arsonvah  Ardt.  dej^hystol,  norm,  ctpath,,  Ptirls,  1.S90,  ^6f.  5,  t^mii-  fi.  jip,  340-346. 

•  A.  G&mjap^p,  **0n  the  Absorption  of  thi*  Extreme  Violtt  wnA  lJltm-Vi<»let  Kap  uf  the 
^Amt    Spectrum     by   Hajniogloliln,    its    t^otiipoutnis,    <\m\     entail    of  its    Derivntivr.s," 
/Voe.  iBoy.  Soc.  London,  1896,  voh  lix.  ]k  27 <k 
VOL.  I. — 15 
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propose  that  the  ba  tid  in  the  extreme  Walet;  Rhoukl  henceforward  lies 
difltinguishecl  as  tht  Ijand  y,  or  the  liand  of  Horet,  in  tlie  Hpectium  of 
oxyhaemoglobin. 

Methods  of  demmisiraiinff  the  harul  of  Soret.~^he  liniite  of  visibility 
of  the  solar  spectrnm  correspond,  as  nsually  stated,  with  the  H  gi'oup  of 
lines;  here  hes  the  arbitrary  boundary  which  seimrates  tlie  extreniB 
violet  from  the  ultra-violet  projierly  so  called — -that  region  which 
we  can  only  ma  by  interposing  tlunreseeiit  media  in  the  |>iith  of  thi* 
rays  (e.g,  a  fluorescent  eyepiece),  or  by  allowing  the  spectrnm  to  fall 
on  a  fluorescent  surface^ — the  region  wliich  is  bei^t  studied  l»y  the  aid  n! 
photography, 

Althougli  Soret'fci  band  lies  at  the  limit,  but  yet  within  the  boundaries. 


of  the  visible  gpectrui 
spectroscope,  i>.,  unles 
already  been  wtjited  t 
substitute  a  fluoresce 
a  dilute   solution    of 
placed  in  the  pogitic 
uranium  gla^a  Huoreac 
where  the  absorption* 
with  the  aid  of  his  flu 
band,  though  d' Arson 
way.     Obser\'ationa  W3 
and  requu-e  experience. 


3  see  it  with  tlie  tjrdinary 
ith  special  devices.  It  has 
ith  any  8peetTosc'OY>e,  if  we 
^cpiecc ;  a  cell  containing 
mc^  be  substituted  for  and 
a6B  plate  of  the  eyepiece, 
liglit  of  the  spectral  region 
IB  aituated.  It  was,  indeed, 
Soret  first  discovered  thif^ 
mpossiVile  to  see  it  in  this 
eyepiece  are,  h*jwever,  tliliicult 
ficult  and  unsiitisfactory  is  the 


method,  also  KUggested  liy  »oi^,„  «mi  lately  published  i\M  an  original 
suggestion  by  d' Arson val,  of  rendering  thia  Itanil  visilde  by  interimsing  a 
blue  glass  between  the  eye  and  the  speetroseope.  If  the  light  be  very 
intense  the  liand  in  juBt  perceptibie  to  a  person  who  is  alre^ady 
acquainted  with  its  position  and  characters  through  other  niethml«  of 
observation. 

In  order  to  ilemonstrat©  Srtret's  band  and  tlie  absorption-banda  in 
the  ultra-violet  of  derivatives  vt  the  blood -colouring  matter,  I  projected 
the  spectrum  of  Hunlight  or  vi  tlie  poBiti%*e  pole  of  the  electric  arc  on  to 
a  fluorescent  Hcreen,  similar  to  those  which  have  since  come  into 
common  use  in  observationn  made  with  the  X  or  Eontgen  rays, 
i.e.  a  screen  made  l>y  coating  a  white  surface,  sucli  as  cardboard,  with 
barium  platinocyanide. 

In  order  to  render  absorption  -  bands  of  coloured  liquids  in  the 
extreme  violet  and  ultra-violet  beautifully  visilde  by  this  method,  it  ia 
essential,  however,  to  open  the  slit  which  intervenes  between  the 
source  of  light  and  the  collimating  lens  rtri/  'undelg.  In  the  highly 
luminous  spectra  tlius  obtained,  though  none  of  the  spectral  lines 
are  visible,  except  perhaps  H  and  K  appearing  blurred  and  indistinct, 
a})sorption-bands  appear  with  remarkable  distinctness  and  sharpness. 
The  method  is  valuable,  not  only  for  purposes  of  demonstration,  but 
for  making  preliminary  observations  prior  to  having  recourse  to 
photography.  By  its  help  I  ascertained  with  correctness  the  position 
and  characters  of  the  extreme  violet  and  ultra-violet  absorption-bands 
of  the  acid  compounds  of  hicmatin,  of  metluemoglobin,  of  ha^mato- 
porphyrin,  and  of  turacin.  In  no  case  where  this  method  yielded 
negative  results,  was  the  presence  of  a  band  afterwards  demonstrated 
by  ])hotography. 

As  few  pliysiological  laboratories  possess  a  perfectly  darkened  optical 
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room  provided  with  fi  heliostat  for  projecting  a  beam  of  aiiiilight  into  it, 
the  follawinj^  simple  arrangeineut/  which  requires  merely  an  electric 
arc  lamp  ami  an  ordinary  labf*ratory  spectroscope  of  tlie  EiuiBeu  ty|^e, 
may  l^e  adopteil.*  The  telescfjpe  of  tlie  spectroscope  is  removed,  and 
a  beam  from  the  +  imh  of  the  are  is  allowed  to  fall  on  the  slit  of  the 
collimator.  The  s|jectriim  is  fociissed  on  a  fluorescent  screen,  then  the 
slit  Ls  opened  very  widely.  If  the  spectrum  he  a  continuous  one 
(which  is  the  case  if  it  be  that  of  tlie  positive  injle  of  the  electric 
arc),  the  coloured  eolution  ie  then  interposed  in  the  path  of  tlie  beam 
fitUmg  on  the  slit 

The  imsiiion  ami  limitfi  of  Sard's  humL — Defibrinated  arterialised 
hlood,  diluted  with  from  400  to  GOO  vohnnes  of  distilled  water,  or  .still 
better  with  a  similar  amomit  of  01  per  cent,  solution  of  Bodiuin  hydrate. 


HK     L    M 
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FiO.  33*-*The  photographic  »pcctriiin  of  lurnioj^lubin  niid  oxyh^iiioglohiiL 

furnifllies  solutions  (c/>n taming  aJawi  1  ]>art  f>f  oxyluemo^lobin  In  3000 
and  1  part  in  5000  respectively)  of  a  concentration  Hiiited  for 
photographic  in%'e8tigations  of  tlie  spectrum.  With  Kolutinns  of  this 
strength  (a  stratum  1  cm.  thick  being  ]diiccd  in  tlic  path  of  the  Ijcam 
falling  upon  the  slit  of  the  colliuuitor)  Soret's  band  c^m  be  stuthed 
to  perfection,  though  it  can  be  well  seen  with  solutions  iiiui'b  more 
eoncentratad  and  much  more  dilute-  The  appearance  and  position  of 
Soret's  band  in  the  spectrum  of  uxyhipmagh>l*in  are  shown  in  Fig,  o3 
dung  with  that  of  reduced  ha  niogloliin. 

Within  fairly  wide  limits  of  ctaiceritration  (the  stratum  examined 
being  invariably  1  cm,  wide),  the  limits  and  cliaracters  of  Soret's  band 


1 1  cojplojet]  thia  simple  arrangement  in  d^mori.ilratiTig  tlu'Si*  ImiKls  in  th*i  vivtlt't  and 
oltrm-vioiet  to  raembera  of  thi;  Internet.  Physio lo|^ncal  CoiifrrcHs,  HtTii  Mertini;;,  Sej^U-ntlwr 
1S95. 

'  Direct  Tision  siwctrojicopcs  cannot  be  used,  the  absorption  of  the  ultra- viokt  rays  being 
vtery  great  in  these  instnimentfl. 
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remain  very  constant,  the  increase  in  the  amount  of  oxyhfemoglobin 
influencintj;  more  the  intensity  of  the  band  than  its  width.  In  the  case 
of  sohitions  containing  approximately  the  proportion  of  oxyha-moglohin 
above  mentioned  (i.e.  from  0'20  to  0-3:3  parts  in  1000),  the  spectral 
region  between  F  and  G  is  absolutely  unshaded.  Soret's  band  is  then 
seen,  extending  from  X  404— X  434 ;  i.e.  it  occupies  the  greater  part  of  the 
spectral  region  hitervening  between  G  and  H ;  the  edges,  however, 
uniformly  shade  away  as  far  as  these  lines. 

By  examining  a  series  of  photographs  of  spectra  obtained  by  inter- 
posing solutions  of  oxyhiemoglobin  of  very  different  concentrations,  I 
have  determincMl  that  tlie  mean  ray  absorbed  does  not,  as  Soret  thought, 
coincide  with  //  (X  410'1),  but  is  decidedly  on  the  red  side  of  that  line, 
corresponding  to  X  414. 

Wlien  tlir  concentration  of  the  solution  of  oxyhicmoglobin  increases, 
the  width  of  tlie  band  very  slowly  increases.  Its  less  refrangible  border 
never  ])asses  JjeyondG;  as  the  solution  becomes  highly  concentrated, 
the  l)and  widens  perceptibly,  and  it  does  so  in  the  direction  of  tlie  ultrn- 
vioUi.  Witli  a  solution  made  l)y  diluting  1  volume  of  blood  to  the  volume 
of  IMO  (water  or  0*1  per  cent,  solution  of  Na(OH)  being  employed  as  the 
diluent),  tlie  absorption-band,  though  much  more  intense  than  with  the 
more  dilute  solutions,  retains  almost  the  same  boundaries,  its  shadowy 
borders  a])])roacliing,  but  not  passing  beyond,  G  and  H.  With  a 
solution  containing  1  part  of  blood  in  100,  the  appearances  difier 
remarkably  from  those  ])reviously  referred  to.  The  solution  is 
transparent  for  light  from  F  to  nearly  G;  it  transmits  light  with 
(litiiculty  from  L  to  X  (a  :]81-0-/.:'.o001)'^;  the  remahider  of  the  ultra- 
violet is  (•oiii])letely  absorbed.  A  solution  c<mtaining  5  per  cent,  of 
detibrinated  blood  (or  a])out  G'o  ])arts  of  oxyha'moglo])in  in  1000  parts) 
absorbs  the  whole  of  the  violet  and  ultra-violet  regions  of  the  spectrum, 
with  the  ('X('('])tioii  of  a  region  ])etwx'en  F  and  G,  but  nearer  the  former 
(A  400-/.  AW). 

it  remains  to  b(i  considered  with  how  dilute  a  solution  of  oxy- 
iKcniogloMn  a  j»liologra])hic  record  of  Soret's  })and  can  be  obtained. 
FxaniininL^^  a  stiatuni  10  nnn.  ])road  I  have  obtained  definite  results, 
when  the  solution  contained  somewhat,  but  not  much,  less  than  1  part 
of  (.xvli;.nin-l.,l,iii  ill  10,000. 

Xo  (((loiirinL,^  matter  yet  investigated  exhibits  the  intense  a])sor])tion- 
band  brtwccn  ( J  and  If  which  is  characteristic  of  haemoglobin  and  its 
coni])ounds.  Several  substances  (carmine,  picro-carniine,and  the  colouring 
matter  of  alkanet  root)  exhibit  absorption-bands  in  the  visilde  ])art  of 
the  s])ectruni  which  bear  a  su]»erHcial  resem])lance  to  those  of  oxy- 
haino'jlohiii.  The  s])ectrum  of  none  of  these  colouring  matters  exhibits, 
howevei',  any  al>s(»r]»tion  in  the  extreme  violet  or  the  adjacent  ultra- 
violet. 

Tln'  r«\<(';n-ches  wliicli  I  have  conducted  have  shown  that  the  band  of 
Soret  (lr|»en<U  on  the  iron-containing  L:i'oHp  existing  in  the  ha'mogl(>bin 
molecule,  yet  not  Upon  its  ii'on.  The  variations  in  chai'acter  and  ]>osition 
which  this  h,in«l  cxhiltits  in  tlie  vai-ious  coni])ounds  and  derivatives  of 
ha:iuoL^l(»hin  will  Ite  ii'leiiiMJ  to  under  each. 
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h.^-imoglobin  {reducer>  hemoglobin). 
Sykonyjt,  "Purple  Cruorln/' 

Historical  note,— Fally  two  years  liaJ  passed  since  the  date  of  Hoppers 
pablitiation  (18G2)  of  liis  ub8ervations  on  the  spectrum  of  blood,  hefore  it  was 
^hown  that  the  oxygen  which  ent*!rs  into  combination  with  haemoglobin  has 
£  fundamental  influence  on  its  spectrum.  It  wa^  on  the  16th  of  June  1864 
thai  PfL^fessor  Stokes  *  commtmicated  to  the  Royal  Society  the  interesting 
ohMirvatioii  that  when  diluted  blood  is  treated  with  certain  reducing  ageivts, 
the  colour  of  the  liquid  and  it^  spectrum  undergo  remarkable  changes  ;  the 
former  loses  its  bright  red  appearance,  beei^miiig  darker  in  tint,  whilst  tlie 
absorption -bainJs  a  and  /3  are  repiiiced  by  a  single  hand  which  we  may 
dfidgnate  the  Kind  y,  which  appears  less  deeply  shaded  and  with  le^vS  dcHncd 
edgQ%  mnd  which  €*xteniis  from  IJ  nearly  to  K  If,  now,  the  solution  winch 
exhibits  this  spectrum  be  shaken  with  air  or  oxygen,  the  single  band  at 
once  gives  place  to  the  two  original  hands,  whilst  the  Hipiid  reacquires 
more  or  less  of  its  primitive  Horid-red  colour.  The  process  of  reduction 
aad  oxidation  may  be  repeated  many  times  in  succession. 

From  his  experiment^*,  Stokes  conclui^cd  that  'V//f  enhmrhu}  malier  of  bloody 
likf  in/iitjOf  i>  cjqm^ffr  tf  exl<tiN*j  in  firo  ffiates  nf  oj'i'iafiont  ifiiifuitjni.^hahh'  by  a 
di^erenee  of  rohmr  ami  a  fumhunental  tUlfereurf  in  the  art  {ft  ft  on  the  i*jfpt^frunt. 
It  niay  be  NiOfJe  (u  j^ss  from  the  more  to  tttf  lem  lijifliReft  sfat*'  bij  the  art  inn  of 
niiiabh  rt^ducimj  agents^  and  re^orerii  i7s  oxj/fj^n  tff/  (itm*rpt  ion  from  the  air"  - 

The  researches  of  jMagnns,  D>tluir  ^fcycr,  and  Claude  IJernard  had  shown 
that  the  blood  holds  in  solution  an  amount  of  oxygen  gi'catly  in  excess  of  that 
which  couhl  exist  in  a  state  of  simple  solutiun,  liut  thai  tliis  oxygen  exists  in  a 
conditi*"in  which  permits  of  its  being  extracted  from  tlu'  blond  hy  iK^iiing  in  a 
ToricelUan  vacuum,  as  well  as  by  the  action  of  carboide  oxide.  IIop[)e-8eyler, 
having  succeeded  in  crystid Using  oxyha'moglol>iu,  and,  hy  means  of  its  optical 
properties,  having  identified  it  with  tlie  colouring  matter  sus  it  exists  in  the  living 
Moody  was  able  to  show  that  a  solutir»n  of  crystallised  oxyh*i'm<»glolyin  behaves 
towards  reducing  ^lutions  in  the  same  manner  as  ililnted  blood ;  that,  like  hlood, 
it  yields  oxygen  when  Ijoited  in  raeno^  and  that  the  blood  colouring  niatler  thus 
deprived  in  tmrno  of  its  IiH>sely  coml>inc<J  or  respiratory  oxygen  manifests  the 
abeorption-hand  which  had  l>een  ilescrilsid  l^y  Sti^kcs  as  the  result  of  reduction. 

The  further  steps  in  the  growth  of  our  knifwledge  of  revlurcd  haiuogltjhiu 
will  he  more  conveniently  referre*l  U^  in  disiussiug  the  chief  facts  with  which 
we  are  acquainted  relative  to  this  remarkable  body. 

MethodB  of  effecting  the  reduction  of  oxyheemoglobin  to  reduced 
hseiQoglobin. — In  nearly  ;ill  <^xjierinients  nn  Ibo  rcMtui  timi  of  nxylKt^nio- 
globiti.  (lilut^nl  Iduuil  nuiy  be  sidjstituted  f+ir  a  solull^n  of  tlu^  ]niir  Idood- 
tjrdouring  inatttfr,  it  bjiving  Ik^cii  shown  by  the  speclrophntoTuetrio  and 
cliemical  researches  of  Hufner  that,  bc^tli  in  respect  fd"  their  power  uf 
ali«orbiiig  light  and  of  tlie  iiiHueTiee  of  redueing  agr^iieii's  upon  them,  the 
two  solutionis  possesa  identical  ]U'opertieK.  lustcail,  lutwever,  nf  employ- 
ing ptire  distilled  wat^r  as  a  diluent,  it  is  advisable  tu  use.  aeeonling  to 
Hiifners  plan,  a  01  yer  eeut,  f-iolution  of  Roiliunt  byiliale.  A  diluted 
solution  of  blood  prepared  in  thi^  way  is  free*  frnm  all  turbidity,  and 
therefore  more  tranf4]wirejit  titan  a  pure  atpieons  sidiitinn,  and  umkugoes 
putrefactive  alteratinim  more  slowly. 

'  '  Od  the  Redaction  and  OxidHtlim  iff  rhu  CylaiirirjL,'  M.ittcr  i>f  the  Bloofl,*'  Proe,  Roy. 
Site.  London,  3864,  vob  xiii,  pp,  tJr*3-364  ;  Lnutltm,  Btutburtjh,  and  Ihihiin  PhiL  Mtjg.^ 
London^  186i,  voh  xxviii.  pp.  391-100. 

'Stokes,  op,  ciLj  \\,  357,  par.  8. 
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1.  By  the  acti*  n  of  reagenta  exerting  a  reducmg  action. — 
It  is  an  essential  vj  idition  which  all  reagents  to  l>e  employed  in  the 
reduction  of  oxyhii'i  laglobin  to  haemoglobin  mnst  fulfil,  that  they  do  not 
act  destructively  on  these  Bubatances,  as  is  the  case  with  acids  and  salts 
possessed  of  an  acid  reaction. 

Ordinary  solutioiiH  of  ferrous  sxdphate  or  gt-annoiie  chloride  eannnt, 
for  instance,  be  employed,  as  they  iustautly  lead  to  a  decotn|w>8ition 
of  the  blood-colour i  ig  matter.  The  first  and  still  the  most  generally 
employed  reducing  agents,  the  use  of  which  dates  Imck  to  the  researehea 
of  Stokes  on  the  blood-coloiu'ing  matter,  are  ferrous  and  stannous  aalte 
and  the  alkaline  sulphides.  Utilising  the  well-known  projierty  of  citric 
and  tartaric  acidB  to  prf^vA"^-  ^^^  ni-£»rnriHflHt,u  of  the  salts  ol  iron  and 
tin    by  ammonia   ami  ,tes,    Btokes   indicated    easy 

methods  of  preparing  ^  toub  and  stannous  SiiHs  for 

the  study  of  the  reduc  i. 

(a)  Alkaline  aoiuf  *^r/  rea/fcnty—To  a  soluti<jn 

of  a  ferrous  salt  (usu  ferrinisamnumium  sulpliate) 

(Fe(NH4)2(SO,)2.(iHa(-  uds  or  fuie  nf  their  alkaline 

salts  is  added,  anrl  the  -eaction  is  alkaline.     A  light 

green  solution  is  thiiF  ly  darkens  in  the  jiresenee  of 

air  by  the  absorption  m.     Such  a  solution,  which 

must   be   freshly  pre  rfiil  and  exceedingly  rapid 

reducing  action  on  oxj^^.  n        tht  cokL     Alkaline  ferrous 

solutions  possess  tliB  disad-  jrt      rtion  as  they  absorb  oxygen 

and  become  oxidi^^ed,  uf  tecommg  coiouii_'d,  and  absorlung  the  niore 
refrangible  rays  oi  the  spectrum,  interfering,  therefore,  with  the  aeeurate 
study  of  the  specific  absorption  due  to  the  colouring  matter. 

(h)  Alkaline  fiohttlons  of  dannous  salfs, — These  are  made  as  descriljed 
under  a,  by  substituting  a  stannous  (usually  SnCh)  for  a  ferrous  salt. 
As  they  do  not  liecome  coloured  on  salt  being  oxidised,  these  solutions 
do  not  interfere  with  the  accurate  study  of  the  absorptirui  of  the  violet 
rays.  Like  tlie  atiiilogtms  ferrous  solutions,  those  containing  tin  rapidly 
reduce  licTuioglobin  etrn  in  the  cold, 

(c)  Solutions  of  ih^-  alkaline  mljihides. — Solutions  of  these  salts 
(annnonium  suljdiide  lieing  almost  invariably  employed)  effect  the 
reduction  of  oxyhicmoglol>in,  but  much  more  slowly  than  m  the  case 
with  a  and  h,  and  their  aetifui  is  greatly  accelerated  by  heat.  Solutions 
of  ammonium  sulphide  for  tliis  purpose  sho\dd  be  freshly  prepared,  and 
be  protected  from  tlie  action  of  atmospheric  oxygen  and  light,  which 
bring  about  chemical  changes,  and  cause  them  to  assume  a  yellow  colour 
and  to  absorb  the  violet  end  of  the  solar  spcctrmn. 

Solutions  of  the  crystalline  sodium  monosulphide  (NagS)  cannot  be 
employed  with  advantage  as  reducing  agents  for  oxyhsemoglobin,  as,  according 
to  my  experiments,  they  lead  at  once  to  the  formation  of  sulphomethsemo- 
globin,  so  that  the  pure  spectrum  of  reduced  haemoglobin  cannot  be  observed. 

(/)  Agitation  v.ntli  finely -(liri (led  iro7i,^  or  with  metallic  iron  reduced 
by  hydrogen — the  so-called  officinal /(f:7T?//??i  redactum? 

^  Rollett,  "  \'ersnclie  ueber  thatsiicliliche  und  verineiiitliche  Beziehimgen  d.  Bliitsauer- 
stofTcs,"  Sif:umfsh.  d.  k.  Alad.  d.   Wissemch,,  AVieii,  1866,  Bd.  Hi.  Abtli.  2,  S.  2AQ  tt  seq. 

2  Liuhvig  und  Schmidt,  "Das  Verhalten  der  Gasc  welcho  mit  dem  Blut  diirch  den 
reizbart'ii  S;iu(^ethierniii.skcl  stromen,"  Sitzumjsh.  d.  k,  Sachs.   Gcsellsch.y  Leipzig,  1868,  Bd. 
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{*j)  Solution  0/ sod iuht  kf/drfrndphiff  (NaHSCK,). — By  the  action  of  metallic 
line  on  a  solution  of  sodium  sulphate,  iji  the  absence  of  oxygen,  a  solution  of 
intense  reducing  power  is  retained.  Such  a  solution,  which  instantly  decolor- 
ises indigo  and  litmus,  reduces  oxyhiEnioglohin.^ 

Methods  of  determining  the  percentage  of  hiemoglubiu  have  l)eon  based  on 
thm  Teaction/'  ^  though  they  have  been  abandoned  as  iinrcliable.^ 

(h)  Solution  of  h^drazin  ajid  its  scUU.^It  was  pointed  out  hy  Curtius ''  that 
i  solution  of  a  salt  of  hydrazin  reduces  solutions  of  oxyhremoglobin  with  great 
Itpidity ;  and  Hiifner"^  afterwarr]s  employed  an  aqueous  solution  of  bydmzin 
hjilmte  to  effect  the  reduction  of  cmicentrated  solutii>ns  of  oxyhipmoglobin, 
ibe  advantiiges  of  thin  reducing  agent  being  that  the  ouly  products  of  its 
decomposition  are  nitrogen  and  water^  as  shown  in  tlie  following  equation  :■ — 

HgN— NH,.1L,( )  -f  0.3  =  N.  +  3HX>. 

(hydrazin  liy^^lrate) 

2.  By  taking  advantage  of  the  reducing  action  exerted  by  pro- 
ducta  of  putrefaction.— ' The  i^^»lutiiiiiw  of  oxyhit  iiiui^dobiii,  or  of  tlihitcd 
lilfml^  in  set  asirle  in  Healed  tubes,  whei),  f.sjtecially  ut  temperatures  ap- 
proaching 40  C:,  retluetiou  rapidly  iRTurs.  It  is  worthy  of  remark  that, 
whilst  oxyhttmoglobiii  or  its  wdutions  very  ra]udly  midfr^o  ebange  at 
temperatures  above  0' U,  mieh  is  not  the  euse  witli  retiueed  hii'moglolrin. 
which  may  be  kept  for  iimny  vearH  in  Healed  tiibew  in  the  prei>eiiee  of 
putrefactive  bacteria  and  tbe  prtHim-t.s  of  tbeir  activity.  On  openiufj;  the 
tubes  and  ag^itating  with  air,  oxylnenioj^lctbin  is  at  oiiee  f<n*nied,und  uii*ler 
favourable  euuditbiis  may  he  crystallised. 

3.  By  taking  advantage  of  the  conditions  which  favour  the 
"dissociation"  of  the  compound  of  O.  with  heemoglobin. — (//)  By 
U»Uing  in  a  "Torieellian"  or  iMirometrie  vaeuiim ;  (7>)  liy  8iibj(!etiMg 
diluted  blood  or  a  solution  of  <»xyli*«"mo.ir!nhiii  to  tbe  action  of  a 
long-continued  Btream  of  a  iieutral  gas,  Kucb  ;is  bydro^n-n,  Milrtt^^en,  or 
ttitroug  acid. 

4.  By  temporarily  arresting  the  circulation  through  a  euffl- 
dently  transparent  part  of  the  animal  body. — It  was  first  }3ointed 
out  by  YieronU,''^  that  tbe  H[>ectnnu  of  nxyhsi'ninrjlftbni  mu  Ik*  siitist'ac- 
toriJy  demoiistratcd  by  briiijT;iug  two  finj^crs  (preferably  tlie  foiirtb  and 
fifth)  close  tu}^njtlicr  ami  passing  a  beam  of  suuli^^lit  tbroii^di  tlie  i'*m\' 
jiaratively  tbin  layer  of  tisBnes  at  the  lanrndaries  of  tbe  adj;icent  fingers. 
He  further  |>ninted  out  that,  on  placing  caoiitcliouc  rings  at  the  base  of 
the  first  phalanges,  after  an  interval  varying  Ijctween  40  luul  *iOO 
Bccoiids  (0.  the  two  bands  of  oxy^l:^•m(»gh^l^in  bee; i me  replaced  l»y  tlie 
iingle  Imnd  iudic^itive  of  redueed  bicmnglobiii.*' 

'  Schtitzenborger  and  Risler,  "KecliorcJieR  siir  Ic  jKiuvoir  <)xy*lnt>l  ibisang, "  Cottijit.  raid, 
Acad,  d,  #c,,  Parw,  1873,  tome  Ixxvi.  pfi.  llO-ilJ,  aiirl  \y\y.  Vi\\-\iU. 

'  Bollett,  loc.  cU. 

'  Liidwig  and  St'hmicit,  loc.  cU. 

* 'Juinquaiid,  **Siiruii  procikld  de  (]i>5a|y*c  <lf  rh('iiiu|[^ln!MiiL'  iliiiis  Ic  yang/'  Cmnpi.  rend. 
Acad,  d,  sCf  Paris,  1877,  totne  Uxvi,  p,  11  SI). 

•  Jtmm. /.  praM.  Ch:m.,  Leij>?Jg,  18Hii,  }U].  \\\\k.  S.  27. 

•  **  BestimninnRd.  8auer»tr»flHLnpii<!iti4t  d.  HliitfarliNtoirs/'  8.  15'^ 

'  **  D*a  Hamoglobliisijertruni  am  Ifrlnnclcn  Mtriisilico,"  ^fAthr.  f.  Bio!.,  Mtin«'lien.  1S75^ 
Bd.  %\,  8.  188;  and  *' Die  Saiierstolfzcliryii^  dir  hltendt-ii  (hjwl'LV/'  ihid,,  167^,  Uil.  xiv. 
S.  422. 

•  Refer  to  the  following  papers  by  A.  Ik'ijorque,  *'  fllinlc'  H|M'rtroscojttiHHj  dii  sang  a  la 
surface  sotts-uugu^ale  dii  pouce,"  Compf.  rettd.  Soe.  de  hi*>L,  Wivh,  81  r.  s,  t«iin<'  i,  p.  rtTl  ; 
and  abo  "Notes  complemeiitaircs,"  ddd.^  \k  700,  Arroiding  In  this  anlhor,  tln.*avrr5^c 
tima  of  reduction r  when  the  circulation  through  llu-  tltinulj  kh  iirreatub  varit.s  iKtwecn  fifty* 
five  and  aLxty-five  seconds. 
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Preparation  of  crystallised  haemoglobin  (reduced  haemoglobin).^ 

It  was  shown  aluio.si  simultaneously  and  indef^entlently  hy  Kiiliiie^  ami 
byEollett*  that  highly  cfinceiitratetl  HolotioiiHs  of  pure  oxyha-mnglohin 
may,  after  red  act  ion,  be  made  to  crystiillige,  and  that  the  erystials  of 
reduced  hsemoglubiu,  though  dilTeriug  in  colour  and  Bpectroscopic  char- 
acters from  tlie  oxygen  comi)ouud,  are  essentially  identical  with  it  in 
crystalline  hwm.  Kiihue  explained  tliat  tlie  difficulty  which  is  en- 
countered,  wlicn  attetupting  to  crystallise  reduced  hicmoglobiii,  depends 
upon  its  very  great  solubility. 

Hoppe-Seylcr  was  unable  to  crj^stallise  reduced  beemoglobin  \^  and  Hiifner^ 
in  1880  published  a  note,  in  which  he  announced  that  he  bad  eucceeded  in 
obtaining  crystals  of  red^*"^-**^  gh  he  neither  then  nor  after- 

wards referred  to  the  mu  nt  published  by  Kiilme  Itfieen 

years  earlier* 

In  order  tn  nlitai'  hiTuioglobin  for  loieroscopic 

examination,  a  jmre  i*  solution  fif  oxyluimnglohin 

in  very  dihiU:  ammo:  chamlter,  and  a  stream  of 

chemically  juut?  and  t  jen  is  jiaascd  over  it;  as  the 

solution  evnjiifrates  er 

Nencki  ami   Bieb  3   quantities  of  crystals   of 

reduced  hcTmoj^dnljin  1  ed  s<:dutions  of  pure  oxyha^- 

moglobin  of  the  horse  jy  of  jiutrcfactive  Imcteria,  then 

adding  a  suilicient  r[uantit>  nt.  alcohol  and  exposing  to  c^dil 

The  method  which  I  emiiloyeu  i.^.,^^  ukiii  tweuty  years  ago,  and  wliich 
ap])ears  to  me  to  offer  some  advantages,  is  to  place  a  magna  of  pure 
oxyhicmoglnbin  crystals  with  a  small  quantity  of  the  mother  liqunr 
from  which  they  have  separated  in  ii  glans.  tul>e.  so  as  nearly  to  fill  the 
latter,  and  tln'O  to  s&il  it.     The  tnlie   is  heated  for  some  days  in  an 

incu])ator  fi(    al^mt  ^\i^  P.,  and  is  Uh-m  f^vl  ',\^\iV*  in  n  r !   pliO'*-.      Afti^r 

some  weeks  ot  exposure  to  a  wmter  temperature,  the  tuDe  is  foima  to 
contain  huge  quantities  of  crystallised  and  perfectly  reduced  hjemo- 
glohin. 

No  one  has  hitlierto  attempted  to  recrystallise  reduced  haemoglobin, 
though,  with  tlie  conveniences  at  present  at  the  disposal  of  the  scientific 
chemist,  tlie  ])rocess  wouhl  present  little  difficulty. 

Characters  of  the  crystals  of  reduced  haBinoglobin. — In  form 
they  are,  as  lias  ])een  said,  essentially  identical  with  those  of  the 
oxygen  eoini)ound,  and  like  these  are  doubly  refracting.  Hiifner 
often  olitaiiied  crystals  1  mm.  long;  and  Nencki  and  Sieber,  working 
with  horses'  lilood,  obtained  crystals,  mostly  in  the  form  of  hexagonal 
]>lates,  2  nr  3  mm.  in  diameter.  They  are  pleochromatic,  appearing 
of  a  (lark  red  colour  in  some  lights,  and  exhibiting  a  bluish  or  purple 
tinge  in  others. 

^  "  Das  \'()ik(»iiiiiHii  uihI  din  Aiissclieidung  des  Hiimoglobins  aus  dem  Bliitc,"  Virchmcs 
Archie,  1,^0'.,  lid.  xxxiv.  S.   l'j:i-430. 

-  Ar.-.  rif. 

^  Mrd.  (low.  rnhrsi'rh.,  Berlin,  S.  373. 

■*  'MMmt  krvNtallisclu'  Ilaiiioglobin,"  Zfschr.  f.  phi/siol.  CJicm.,  Strassburg,  1880, 
S.  oS3.  It  is  siiiLCul.ir  tliat  Nencki  and  Sieber,  in  an  interesting  and  really  valuable 
pa])er,  sliould  in  1n87  bave  jmblisbed  (ujain,  as  a  new  discovery,  tlie  obtaining  of  crystals 
(»f  redueed  bn'nioglol)in,  tliougb  tliey  subsequently  disclaimed  all  priority  (see  M.  Nencki 
and  N.  Sieber,  "  Venose  lliiinoglobinkrystalle,"  Bcr.  d.  dcutsch.  chem.  Oesellsch.y  Berlin, 
ieQ«     UA     ,-;,.    c    IOC!  ,,.,.1   A^^\\ 


COLOUR  OF  REDUCED  ILEMOGLOBIK 
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When  the  hlnorl  erystals  nf  ImrseH'  lilood  nre  |>re]*(iro(l  in  elosed 
a,  it  hiijipi'ikH  very  freiiuently  th;it  kr^^c  qiiaritititAS  of  hexsi^onal 
I  of  a  dark  rrdi'vliHtr  are  fninul  iiuxihI  witli  \Xw  well-known  nnliiiary 
If  a  drop  wi  the  iiqiud  in  whieh  tlie  ervHtals  are  HUHpended  ho 
euiamed  with  the  microscope,  wifhoiU  a  covci^fflass,  the  hexapnisil  plates 
are  oliserved  ra]iidly  to  Uqucfy,  and  siiniiltanetnisly  hundlea  of  fine, 
bright-red  priHiualic  needles  aiqrf^ar.  Nencki  long  n^^o  nhowed  that  the 
ikrk  re<i  hexagumil  tables  are  crystalH  of  re<lueed  jiiemogluhin,  whilst 
tLe  scjirlet  prigms  are  those  of  (jxylueniogloltin,  Horney'  lilootl  a] spears 
peculiitrly  apt  to  give  cry  stale  of  the  reduced  hlood-eolourino  matter. 
In  the  prefkiratirm  of  the  hiemoglohin  of  the  liornes'  l>lood  by  ordinary 
methixld,  i>.  without  si)eeial  laeaiutioiis  in  reference  to  the  access  of 
ak,  lx>th  fonirs  of  crystals  are  usual) v  ohtained.^ 


Tki  ABsoRPTroN  OF  LuiiiT  jiV  Solutions  of  Eeiiuced  ILivMOGlorin. 

Colour  of  solutione :  dichroism.— In  thick  layers,  fir  in  thin  layers 
if  coneeiitraleri  solutions  of  reducetl  haiiioglohin  present  ii  dark  cherry- 
red  colour,  whilst  very  dilute  solutions  exliihit  a  'neen  tint. 


DxvijjuroauatiiN'. 


IC.y.iiu^jLntuv. 


Fmj,  84.— Graphic  roprofw^nUtioii  of  the  jsportivmi  of— {1  i  owli:»  uu^glulan 
and  (2)  ha-nioglobiti.  Tlit:  ruimluTs  tit  tin!  riglil  liiiTifl  siile  ot  cat  li 
diagram  iDdkiittf  perceiila^ua^ — AfltT  Kolk'tt. 


Tliifi  dichroism  iw  als<i  characteristic  of  I  he  hluoi]  ni'  asjdtyxiated 
aniuuilw,  and  was  tirwt  c4>ser%'ed  hy  lirnckc  //  in  sjitrmiit/  la  hr  nokd 
tkai^  whihit  mhdwna  of  rethurd  h/rwoi/fuhin  ajf  dtt'hrf*i<\  solt/fifnts  cf  fhr 
Og-CO-  aiui  'SO-compomids  of  /ia^mof/fohift  *\ihihd  it  a  frfor  itf  t/ir/inn'sm. 

Cause  of  the  dijfarncr.^  ohs^'md  ifi  the  fuhmr  tf  IJood  tntdrasffd 
with  thyti  of  »oinfw?is  of  hfrmoiduhm. — The  naiM-h  hrighter  colour  ]ire- 
aenteii  l*y  l>lood,as  contrasted  with  corrt^spnudiiig  sohititnis  of  tfic  hlood- 
Cf»louriDg  matter,  depetuls  upon  tht^  jircsouce  of  the  hlofKl  cttrjaiscles. 
Were  w^e  to  eonceive,  as  IJollett  argucH,  the  hlood  corjmsch^s  siis]>en(led 
in  the  liquor  sanguinis  m  in  serum,  and  rcttiining  all  their  jOiysieal 
projierties  ,sarf  Iheir  roknir,  then,  as  a  result  of  the  repeated  tc>tal  re  flee- 
tioui*,  due  to  ttie  <li(rcrene^*8  in  the  refractive  indices  nf  the  cnrjjuscles 
and  the  tiuid  in  vvliich  they  Uoat,  hhnMl  wnuld  ap]>car  as  white  a^  juilk. 

1  Htifli«r»  op.  cit..  Arch./.  PhysnoL,  Lfifizipr,  iS^i,  S.  150. 
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But  these  total  i  .^flections  do  go  on  m  tlie  ease  of  the  actual  ailoiired 
corpuscles  in  a  prec  ^elJ  similar  manner  to  that,  which  would  occur  in 
the  hypothetical  ca^^e  Just  discussed  ;  and  the  light  reflected  hy  them 
is  conditioned  by,  and  corres^ponds  to,  the  absorption  of  the  spectral 
colours  exerted  by  the  hifimogiobin  and  the  oxyhiemoglolnn  resjiectively. 

The  visible  spectrum  of  reduced  hgemoglobin,— It  haR  alread}' 
been  stated  that,  wlien  a  solution  of  oxyhicraoglobin  is  reductHh  the 
two  absorption-ban <  s  a  and  (i  diHapp<iar  and  are  replaced  by  a  single 
one  (y)  situated  bt  iwtien  1)  and  E,  which  is  Igsb  deeply  shaded  and 
possesses  less  sharply -defined  edges  {Bee  Plate  L,  Spectrum  5),  Tliis 
summary  description  must  now  be  su]j  piemen  ted. 

The  right-hand  diai^rani  on  n.  23'^  exhibits  fairly  aeciu*ately  the 
absorption  of  light  liy  luemoglobin  of  varying  con- 

centrations.  The  singl  though  occupying  in  sohitioiis 

of  from  0'2  to  0*4  po^  ickness,  the  greater  part  of 

the  space  between  F;  1  E,  has  its  centre  or  darlcej^t 

region  rather  nearer  ^  to  my  own  measurements, 

the  darkest  part  of  t,  prnximatcJy  to  k  550. 

It  is  to  be  noted  i  ai  haemoglobin  have  a  much 

greater  absorptive  p-  veen  A  and  B,  and  a  smaller 

absorptive  power  for  G,  than  corresponding  solu- 

tions of  oxyhsemo^loc 


The  Spectrophotometry.. 


rs  OF  Reduced  Hemoglobin* 


In  his  most  recent  rcseareheg^  Hilfner  has  determined  the  Bjiectro- 
photo metric  constants  of  h^emngloliin  fur  tlie  mrne  sjiectral  regions  as 
were  selected  by  him,  iu  the  B^iine  researches,  fur  the  determination  of 
the  constants  of  tpxyhjcmoglohin. 

In  the  case  r>f  reduced  h^eiungliihin  the  respective  extinction~C4)- 
efficients  are  distinj^uishud  as  e^  and  g'^,  and  the  a^rrespomling  ahBC>rp« 
tion  relations  as  ui^  Jind  A'^. 

The  followinj;]^  are  the  results  oi  Hutner's  determmation  -} — 


Ar 

A'r 

(X  554-X  556) 

(X  531-5-X  542-5) 

0-001354 

0-001778 

Tlie  quotient     ''  is  a  constant  of  special  importance;  it  is  0'7617. 

The  value  of  the  quotient  -  has  also  been  determined  by  Hlifner ;  ^  it 

is  0-6541. 

The  determination  of  the  amount  of  oxy-  and  reduced  hsBino- 
globin  when  both  are  present. — Vierordt  pointed  out  that  the  absorption 

^  G.  Hiifner,  ''Neiie  Versiiche  zur  He.stinimung  dcr  Sauerstoflcapacitat  des  Blutfarb- 
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ol  light  (as  deternvined  by  the  cxtinction-coefKcient)  in  a  definite  .spectral 
rfgum,  exerted  by  a  mixture  of  two  or  more  colouring  matters,  is  the  sum  of 
die  extinctioti-coefticieiits  of  each  of  its  coloured  count ituents ;  and  that  in 
the  case  of  a  solution  containing /^w  colouring  matters,  if  wc  are  acquainted 
with  the  optical  constante  of  eiich  in  iiro  and  tkt  mm*'  8j>cctral  region^*,  wc  are 
%bk  by  the  .spectrophotometer  to  deteruiino  tlie  relative  and  absolute  amount 
oi  each  oonstiliienL  In  a  similar  manner  we  should,  afL-ordiiig  t^>  theory, 
beiUe  to  detennine  the  amoitnts  of  three  or  of  x  ctdouring  matters  coexisting 
ill  a  aolntion,  if  we  were  acquaijited  wilh  the  vahie  of  ^1  in  three  and  the  same, 
or  in  ar  and  the  same  spectral  regions.  The  inoucnse  imjiortanee  of  a  method 
which  permits*  of  the  accurate  determination  of  oxy-  and  reduced  haemoglobin 
in  bloody  and  which  furnishes  ua  witli  essential  data  for  caiculating  ilie 
UDount  of  oxygen  present  in  combination  with  haemoglobin,  makes  it 
oeeenary  that  we  should  explain  the  nature  of  the  very  siiuj>le  calculations 
wki^  enable  us,  from  the  deteruunati<>n  of  the  exiini'tion-coeiricienl^  in  two 
tpectnil  regions,  to  elfect  a  determination  ivlnch,  so  far  as  I  know,  c4innot 
be  carried  out  w^ith  any  pretence  to  scientitir  aicuraey,  nr  even  with  any  claim 
to  be  presumably  correct,  by  any  otlier  process  what^ttever. 

We  fsltall  assume  that,  hy  following  metliods  which  we  Khali  nnl  atten][>t 
to  describe,  but  for  which  the  reader  is  referred  to  I! nfiiery  original  papers, 
blood  Ims  been  diluted  with  0*1  per  cent,  of  aqueous  sulutiou  of  NaOll, 
utvi^T  co7idifums  which  jrvechide  the  p06sihiliffj  of  nffifttri  with  oj^yfjfit^  and 
that  in  the  diluted  blood  solution  tin-  extinction-cocf!ieient>i  have  been  det43r' 
milled  in  the  first  and  in  the  second  regi«>us  selected  hy  Hiifmn  These 
extioction- coefficients  of  a  mixhire  of  two  eo  km  ring  matters,  we  shall  rcf^t'esent 
by  ir  and  e: 

Let  Ar  be  the  absorption  relation  of  (redu<  rd)  hai'moglobin  in  the  lirst 

region  (X  554 'A  556). 
A\  that  of  the  same  body  in  the  seconil  sin«  tial  n  gion  (A  531  "5  - 

A  542-5). 
A^,  the  absorption  relation  of  oxyh^mogl(»hin   in  the  lirst  s[K'cti'al 

region. 
A\  that  of  the  same  body  in  the  j^econd  spfM  tral  region. 

Then  the  percentage  of  (reduced)  hfemnglohin,  whieh  we  may  de?>ignate  Xy  will 
be  found  by  the  equation — 

A',.A,-'A,:a\ 

uid  the  percentage  of  oxyliKinoglobin  by  Uip  fullowinij;  Liumtioi) — 

Aa'AEA,-K-A\) 
■^         A\A,-A.,A\ 

Hjiving  thus  determined  by  spectroph^itometry  the  amount  of  oxyhjemKglohin 

by  weight  existing  in  a  knmvn  volume,  say  100  ex.  i>f  hi 1,  we  ran  asrrrtain 

the  vrdume  of  the  respiratory  oxygen  measurcfl  at  0"  C.  and  760  mm.  jinswure 
(which  couldj  htit  prolmhly  with  I^-ss  accurai\y,  he  likewise  determini'd  witli  the 
aid  of  the  mercurial  pump  and  subsequent  analyses  uf  the  gas('s  hoilt^rl  out  of  the 
blood)  by  multiplying  each  gramme  of  oxyha^mogloliin  fnund  by  1*338  (or  1'34). 
Id  thiB  manner  HUfner,  having  determined  the  n-lative  aTnl  abs<jhite  amounts  of 
hemoglobin  and  oxyhaemoglobin  in  the  hlood,  ilrawn  i^iniultaneoiisly  from  the 
main  artery  and  vein  of  a  limb,  ai^^certained  tlie  amount  of  oxygen  in  each. 
Tbaieis  a  strong  presumption  that  determinations  of  oxygen  ma<lc  in  tliis  mnnner 
are  nearer  the  truth  than  those  which  the  more  complex  and  laborious  inethotls 
by  means  of  the  mercurial  pump  and  gan  analysis  are  capable  of  giving.  In  the 
\  of  raising  the  blood  to  a  temperature  of  at  least  40  C.  in  the  exhausted 
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chamber  connected  Wj  li  the  murcurial  pump,  some  of  thi^  ttxygcu  niut^L  l>o  used 
up  in  oxidising  the  ]  adily  oxitiiflsil>lt5  i^ubslance^  oxisting  in  the  hlocMJ,  nnd 
especially  in  venous  Itnid,  and  nn  errtir  will  h^  thi^reliy  iiiti'<3<lin't"d  tin^qtiJilly 
affecting  different  sa-  ijvles  of  blood, — nn  error  which  n^  influenced  by  tl»e 
duration  and  extent  to  wliich  the  hwit  is  applied  to  the  blood  and  thi*  rtipiiiity 
with  which  the  aqueoi  s  vapour  and  gases  evolved  by  the  blood  uro  nnnoviML 

The  photograp]  io  spectnun  of  reduced  bsemoglobin*  —  Wlien 
the  molecule  of  di  mciabk  oxygen  is  rtnuoved  from  oxylurmoglijldn. 
either  by  the  actio  i  of  redming  agents,  or  by  bfiilitjg  in  vujcuo,  \\m 
absorption-band  in  tlie  extreiae  violet  m  reiuarkiibly  displaiTii  towardi^ 
the  less  refrangible  t*ud  of  the  8jH:fctrum,  the  wiilit^  of  ali8t.»rption 
corresponding  to  X  420*0.  The  ditierenoe  in  the  position  i^f  £^<.*rel8 
band  in  the  oxy-  anr  ibin  is  shown  in  the  pluito- 

type  (Fig.  33).     Wh«?  ■  addition  of  ji  nudecule  of 

oxygen  to  the  enonji  uglnbin  cannot  ai!k't  in  an 

appreciable  manner  inlt\  we  inu&t  concdude  that 

the  displacement  of  n\ui'ds  tlje  ultvii'Virtlet  en<l 

when  htTmogl(d3in  co  1  other  conditions  remaining 

the  same),  indicates  t  sads  to  a  notjihle  acceleration 

of  the  motion  of  the  of  carbon  atoms  113*011  which 

the  extreme  violet  al 

The  amount  of  hsemoglobm  combineB  to 

form  oxyhsemoglobj  *,  on  varjtui^  gnnuhb,    that  one 

molecule  of  hicmogkpbjn  cr  one  molecule  of  oxygen  to  form 

the  compound  which  we  know  .*.,  .^.^joannoghtluM. 

The  most  recent  doterniinatiraiH  madu  hy  liiifner  have  shown  that 
1  grm.  of  reduced  hnior^ghdiin  of  tlie  ox  can  lird<  to  itself  r3"S  c.c.  of 
oxygen  or  carbonic  oxide  (measured  at  0°  C.  and  7G0  mm.  preyyure). 
The  molecular  weight  of  tlie  haom^globiu  of  the  ox  (cakndated  froni 
Hiifner's  most  recent  estimations  of  the  iron  which  this  body  contains) 
=  10069.  The  volume  of  oxygen  absorljcd  l>y  reduc4?d  luvniogh^bin, 
calculated  from  this  niolc(?ular  wr^iglit.  sli^nild  !m'  1:M  frv.,  so  that  the 
result  of  experiment  agrees  in  a  surprising  manner  with  theory. 

Differences  in  chemical  reactions  between  solutions  of  reduced 
and  oxyhaemoglobin. — 1.  Solutions  of  reduced  lu^moglobin  when  boiled 
in  ranfo,  or  subjected  to  the  action  of  CO,  unlike  solutions  of  oxyha?mo- 
glolmi,  yield  no  oxygen. 

2.  They  are  not  decomposed  even  by  long  contact  with  trypsin,  which 
readily  .s}»lits  up  oxyluemogloldn  into  ha*matin  and  the  products  of 
try])sin  |)rote«dysis. 

:>.  They  arc  unaflected  by  ILS,  which,  when  acting  for  a  sufficient 
length  of  time  upon  oxyha*moglobiii,  converts  it  into  sulpho-metha^mo- 
gloldn. 

4.  Nitrites,  jjotassium  ferricyanide,  and  permanganate,  and  many 
other  oxidising  and  nMlucing  agents,  exert  no  action  on  reduced  luvmo- 
globin,  whilst  they  convert  oxylKemogloldn  into  metluemoglobin. 

o.  When  treated  with  aleidiolic  or  watery  solutions  of  acids  or 
alkalies,  in  the  e(»m]»lete  absence  of  free  oxygen,  haemoglobin  yields 
pur]»le-red  solutions  or  ])ieci])itates.  The  hanioghdnn  is,  under  these 
cireumstanees,  s])lit  u]»  into  an  iron-containing  coloured  body — hcrmo- 
chromoijcn — and  into  an  albuminous  body  or  bodies.  Oxylnemoglobin, 
under  the   same   conditions,  splits  up  into  an  iron-containmg  body — 


COMPOUNDS  OF  HMMOGLOBIN  WITH  GASES.         237 

Non-exietenc©  of  the  Bo-called  **  peeudo-hBeinoglobin." — After 
treating  hi<KKl  with  rcilmnnpf  a|:ejits  ;uitil  the  two  liands  of  oxyhnemoglribin 
were  no  Lrngtr  \'i,<ilik\  Siegfrii^d  *  ftjuml  that  there  \'et  remained  oxygen 
removable  by  boiling'  in  a  barometric  vaciumh  He  thtvrefiu'e  con*:liided  that, 
iu  mltlition  t-o  oxyhannoglohin,  therfi  exisk^d  another  oxyg<in  eoni|>o\in!i  of 
hiMn»3jrlobm,  and  that  this  is  cJinmcterised  hy  the  .siinie  ahsor|>tii>n  speetnnn  aa 
reiiui'ed  lirpmoglobin.  To  this  liyiMjtlieticul  biMly  hu  gave  the  nanii*  of  jt^^f^utfo- 
h^tfW*^(olnn.  Its  existenci^  has  been  absolntvlt/  ifitiprftnff  hy  Ktifner-  The 
mistake  into  which  Siegfried  feli  ilJnstrates  the  clanger  of  drawing  eonoJusioriB 
from  i|ualitative  i?T>ectroscoinc  oKsorvationH.  Iliifner  has  ?.ln>wn  that  without 
ipectrophotometric  clet^^rminations  it  i^  itrijiosHible  to  know  wlietlier  a  solntion 
of  bIo«Hl  or  of  hipmoglobin  is  eonipletely  reduced.  The  mdy  reliiihlo  eriterion 
ii  to  be  obtained  by  determining  tlie  values  of  c,.  anrl  e'^  no  as  to  ascertain  the 

quotient  -  which  shonld  =  0*7617. 

Blood  which  has  been  proved  to  he  completely  reduceil  iu  this  manner, 
jields  no  trace  of  oxygen  when  boiled  in  a  merenrial  pmnj). 

The   CoMrorxDs   of  Hj:moglobl\  with   t'AJttujNir  oxihK  anu  Nrnnr 
Oxide,  and  theik  kelathjx  to  Oxyii/Emo(;ij>i{in. 

Introductoiy  remarks.— In  a  pie\ioti8  |*art  nl'  this  article^  1  have 
referred  to  oxylueiynglobiu  us  im  easily  dissoeiatoil  (■(fnipnuud,  t'ornuHl 
by  the  linking  of  one  nndecnle  of  oxygen  tn  ;t  Hiuleeidc  of  tlio  highly 
Oiinjdex,  iron-containing,  erystalliao  t-ohinring  iaalt(»i\  '*  hifinngloUn/' 
and  I  ha%'e  snbseqiu'ntly  nJiown  thiit  this  cuHeeptinii  has  rereived  ei»n- 
firniation  tbrongh  thf  lint*  resL'arrlit^s  of  lliifner  on  tin'  niolecuhir 
Mreight  of  biiinoghibin  and  (*n  tlie  volniue  of  o.vygeii  with  whieh  it 
can  combine.  In  the  |*resiMjt  seetinn,  rrferenoe  must  be  Tiiailr  tn  ad- 
ditional fact«  whidi,  besides  [xisses^sing  an  iiitt^est  of  their  own,  throw 
'  fresh  light  un  tlie  nature  of  oxyha  umglohin,  ntid,  in  a  measure,  t*n  the 
function  snl>H<Tved  by  it,  alt fiongh  this  suhjeet  wilt  ]«•  Hmre  fully  dis- 
cussed uiider  tfie  [leading  of  "  Kespiration/' 

It  had  been  noticed  independently  by  Claude  I'eriiard^  and  hy  Ibfppe,' 
that  blcHwl  which  had  been  treated  with  carlKjnic  oxide,  or  the  bioiHl  ai 
meo  and  animals  asjihyxiated  by  cluireoal  fumes,  presents  an  intensely  bright 
trterial  colour,  hut  that,  unlike  arterial  blood,  it  dncsnot  in  a  few  hours  change 
to  a  venon."^  hue,  but  retains  it^  vermilion  lint  for  huig  pciJiMls  of  time.  Tlie 
idea  forced  it^self  on  the  minds  of  }n\ih  Claude  Kernard  and  llojijie,  that  through 
felie  action  of  CO  the  power  whirh  the  coluiired  corpu^^eles  pi>sscss  of  arting  as 
oxygen  ^carriers  had  in  some  way  lieen  interfered  Avith.  Claude  iSernard  has, 
however,  the  merit  of  being  the  Itist  to  show  that,  w!ien  brought  in  contact 
with  the  blood,  CO  is  absorlietl  and  disjilaees  oxygen  ;  and  he  rjfttn  wards  haseil 
Upon  these  facts  a  method  for  the  quantitative  determination  rjf  the  oxygen  of 
the  blood. 

At  the  same   time  as,   and    independently  of,    Bernard,    I>othnr    Meyer'* 

*  *'Uflj«r  IIyimoglul>Ja/"Jrr/(./,  PhyawL,  \y\\m^,  18^+0,  V)\ys.  Ahth.,  8,  3S5. 

* ''Bestimm  ling  tier  *SauiTsttJ  I  ffA  parity  t  d<"H  1  Hut  fait  1  into  flu/'  ihifi.^  1894,  I1i)  h.  AlttlL, 
S.  UOmnd  175. 

'  **  Le90ijs  siir  l«5i*  etrets  deu  sal>Ntan<es  toxiipic's  *"t  ait'diiJUiJL'uteuNo*?,"  Piiris,  1857, 
p.  158  ;  •lao  *'  Propri<^'tA4  dt-H  ]ii{.  de  IVirgarusaic,"  P:iris,  isrii+,  totriL-  i,  |i.  Xs^'k 

^*'Del*i*r  die  Eiinvirkaag  des  Knhlenoxydga-Nca  nut  daM  niUiiatogNiliultn/'  Vircho/r's 
Arrkir,  1S57,  B^l.  li.  S.  288. 

*  "IhV  Ga-se  d*M  liliites/*  GuttingcD,  1857  \  artd  Kt»iht\  J\  rat  AfitL,  1858,  8.  25(i  ; 
*"  Dc  ftftngume  oxydo  t^riioaieo  infecto»"  Dias,  Irian;:;.,  lyttfisfaHn^  1858. 
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showed — (1)  that  ..j.,  absorption  of  oxygen  and  carbonic  oxido  by  blood  dixsa 
not  proceed  accord  io  ;  to  Dal  ton  and  Henry  *3  law— a  proof,  amongst  many 
others,  that  these  go  03  are  chemically  combined  with  some  coiistituent  of 
the  blood  and  not  hi  d  in  a  state  of  simple  solution ;  (2)  that  blood  which 
has  been  deprived  of  its  gases  by  boiling  in  v€LCtfjo^  combines  with  the  same 
volume  of  carbonic  oside  as  of  oxygen— in  other  words,  that  when  carbonic 
oxide  replaces  the  ox  fgen  of  the  blood,  one  molecule  of  the  former  takes  the 
place  of  one  moleeu  e  of  the  latter  {i.e.  C<J  replaces  O3).  Lotlmr  Meyer 
further  showed  that  la^matin  could  imi  bo  the  body  with  which  O^  and  CO 
entered  into  combina  ion,  and  expressed  the  surmisn  that  it  might  prove 
to  be  the  same  as  con  ^tituk'<l  the  red  blood  crystals  described  by  Lehmann J 
The  truth  of  the  surmifie  was  soon  proved  beyond  the  pti^aibility  of  doubt, 

-^^  of  the  blood  colouring  matter 
^  a  similarity  in  their  power  of 
LB  distinguished  by  not  being 

I 

it  as  CO  possesses  the  power 
In,  nitric  oxide  (NO)  in  its 
jule  of  the  former  replaciDg 
und  lieiiig,  like  the  CO-eom- 

re  shown  to  l>e  i8oin<ir}(hous, 
^jloiir,  only  slightly  tlifleriiig  \x\ 
.spectnmi  waa  fouiiil  to  l>e  distin- 


it  being  shown  that  the  O.,-  '^"'^  ^^'^-' 
are  isomorphous,  tliat  tl 
absorbing  light,  but   tl 
decomposed  by  reduein| 

Hermann  ^  subaee 
of  displacing  the  o>. 
turn  is  capable  of  die 
one  molecule  of  tlio 
pound,  absolutely  irr* 

The  three  compoi, 
to  be  characteriscHi  1 
tint  one  from  thi?  ( it  her ; 

guished  by  two  abs(ir]jtiyn-rjanury  m-uvfeen  D  and  E,  at  first  sif;ht  api>ear 
ing  identical  in  th(^  three  caHew,  though  t-iirefiil  meaf^ureiiient  revealed  a    1 
very  slight  shifting  nf  the  bands  towards^  the  more  refrangible  end  of  the 
spectrum  in  the  cjiHe  of  the  CO-eompound. 

Tiiey  were  all  three  found  to  be  free  from  pleochroniatisni  — 
a  character  in  wljich  they  differ  strikingly  from  it^duced  hftmo- 
globin.  Whilst  the  CO -compound  is  much  more  stable  than  the 
0._,-compound,  the  NO-cumpouud  is  again  mure  stable  than  the  00- 
compouud. 

It  was  at  first  believed  that  the  CO-compound,  unlike  oxyhaemo- 
globin,  could  not  be  dissociated.  I  was  the  first  to  show  that  by  the 
long-continued  passage  of  neutral  gases  through  solutions  of  CO-haemo- 
globin,  the  CO  is  gradually  driven  out,  and  reduced  haemoglobin  is 
obtained.^  Bonders,*  to  whom  the  discovery  of  the  fact  is  always 
ascribed,  drev/  attention  to  it  in  a  highly  interesting  theoretical  paper. 
Zuntz '"'  immediately  afterwards  showed,  in  contradiction  of  Nawrocki,* 
that  blood  saturated  with  carbonic  oxide,  when  boiled  in  voctw,  gives  up 
its  carl)onic  oxide  and  that  it  manifests  the  absorption-band  of  reduced 

^  "  Consirleranti  cnim  quse  his  in  rebus  din  versatus  Lehmann  de  rubris  illis  sanguinis 
crystal! is  iiuper  publicavit,  plus  quani  verisimile  videbitur,  hac  cum  substantia  et  oxygenium 
et  oxyduiu  carbonicum  conjunctionein  chymicam  posse  inire";  Lothar  Meyer,  '*De 
sanguine  oxydo  carV)()nico  infecto,"  p.  12. 

2"Uel)er  die  Wirkungjju  des  StickstofToxydgases  auf  das  Blut,"  Arch.  f.  Physiol., 
Leipzig,  1865,  S.  lOli. 

•*  A.  Oanigee,  "On  Poisoning  by  Carbonic  Oxide  Gas,  and  by  Charcoal  Fumes," 
Junrn.  Aunt,  mid  Physiol.,  London,  1867,  vol.  i.  pp.  339-346. 

**  Donders,  "  Der  Chemismus  der  Athmung,  ein  Dissociations-process,"  Arch.  f.  d.  ges. 
Physiol.,  Bonn,  1872,  Bd.  v.  S.  20-26. 

^  "  1st  Kolilenoxydhiinioglobin  cine  feste  Verbindung?"  Arch.  f.  d.  ges.  Physiol., 
Bonn,  1S72,  Bd.  v.  S.  584-588. 

^  "  De  Claudii  Bcrnardi  mcthmlo  oxygenii  copiani  in  sanguine  dcterminandi,"  Inaug. 
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bsmciglobm,  and  Podolinski  *  succeeded  m  dissociating  blood  satumted 
with  nitric  oxide,  by  passing  a  stream  of  tiydrogen  through  it  for  an 
hour  and  a  half:  at  the  end  of  which  tinie  the  blood  presented  the 
absorption-band  of  reduced  htemogloliin. 

Having  passed  in  review  the  chief  facts  which  exhibit  the  relation- 
ghip  existing  between  t!ie  diflferenb  compounds  of  hnMnoglohin,  and  which 
illustrate  the  nature  of  the  conilnnation  of  hieniogk>lHn  with  gases,  some 
of  the  charaetei-s  ami  i»ropertics  of  CO-ba^iiiuglobin  and  KO-liicmciglobin, 
bat  imrticularly  of  the  former,  must  Ije  systematically  though  briefly 
described. 

CaEBONIC   OXITIE  haemoglobin   (CO-H/ESrOGLOBINX 

Mod%  of  preparation.— A  current  of  pure  carbon  monoxide  is  passed 
through  a  saturated  solution  of  oxyliaemoglobin.  The  solution  acquires  a 
ctrmine-like  tint  in  contrast  to  thu  scarlet  colour  of  oxyhffimoglobin.  This 
solution  is  then  cooled  to  0'  C,  and,  after  being  treated  with  onefourtli  of 
its  volume  of  alcohol  previously  cooled  to  0*  C.,  is  set  aside  at  a  tempera- 
tttre  which  must  not  rise  above  0"  C.^  but  which  should  be  as  low  as  possible. 
After  some  hours  op  days,  the  CO-compound,  which  is  more  sparingly  soluble 
than  Oo-haenioglobin,  sepaiatea  in  crystals,  of  which  the  forms  are  identical 
with  those  of  that  body* 

The  absorption  of  light  by  CO-hssmoglobin* — (a)  The  visible 
Bpeetruni, -Solutions  of  this  body  possess  more  (if  a  Ijliiiwh-rod  tint 
tlian  the  Oa-conipound.  If  8olu lions  of  pqiuil  nuju^Titrutioii  of  the 
oxygen  and  Piirbonic-oxide  couipounds  be  crunpared,  it  will  Iw?  buind,  on 
8pectrusco|)ie  examination,  that  the  CO-t-onipound  aliHtjrbs  tlie  lilne  rays 
of  the  ai>eetniiii  to  a  less  <legree  than  uxyha-nio;jjloltiii. 

Between  D  and  E  are  seen  two  abHorpti<jn-l>aTids  wliic  li,  uidess  very 
closely  studietl,  ajjpear  absolutely  iilentical  with  tlicfse  oi  oxylnenio- 
globin  (see  Plate  L,  Spectrum  6),  On  earoful  ineaHureinent,  bnwever»  it 
is  seen  that  both  the  bands  are  very  slirrhtly  shifted  in  tlie  diixietioii 
of  E;  that  is  to  say,  towards  the  violet  end.  This  is  best  seen  b}^ 
noticing  the  inter\'al  between  D  and  the  ndjarent  Itorder  of  the  first 
absorptiou-ljand  ;  in  the  case  of  the  CO-cuniiMjund  thi.s  interval  m  broader 
than  in  that  of  the  O^-eoni pound. 

The  epectrophotometric  constants  of  CO-haemoglobin.— These 
oonstants  were  re-determined  by  Hiifner  in  1804,  at  the  waine  time  as 
those  of  oxy-  and  reduced  lneuiog1t)bin,  and  fm-  the  same  specti'al 
r^0Q£t,  with  the  restdts  exhibited  below.-  Tlie  eoefheienta  of  extinction 
ia  the  case  of  CO-ha^moglobin  are  desit^nated  hn-  the  rej^inn  X  554-a  505, 
f^  and  for  the  region  x  531"5— X  542*5  t\,  whilst  tlie  corresponding 
&bflorptive  relations  are  designated  A,  and  A\. 


A. 

A\ 

k  554-X  565 

X  531 -S-A.  542-5 

0-001383 

0-001 2G3 

*  "Ueber  die  AuBtrcibbftrkeit  dea  CO-  uml  NO-  ausd^Mu  liliitH/'  Arch./,  d,  ge^.  Fhrjswi., 
Boon,  1872,  Bd.  vi  S.  553-555. 
'  Hiifntr,  op,  eU.,  S.  141  and  142. 


240 


HAEMOGLOBIN. 


(h)  The  photographic  spectrum  of  CO-heemoglobin.— In  Fig.  35 

are  shown  reproductions  of  the  photographic  spectrum  of  this  com- 
pound, contrasted  with  that  of  the  oxygen  coni])Ound.  The  Imnd  of 
Soret  is  just  as  well  marked  in  the  one  as  hi  the  other,  but  in  the 
ciise  of  the  CO-lucmoglobin  there  is  a  decided  shifting  of  the  Imnd 
in  the  extienie  violet  towards  the  red,  which  is  somewdiat  curious, 
considering  that  tlie  bands  in  the  visible  s])ectnnn  are,  though  to  a 
much  lens  c.ricnt,  shifted  in  the  ojiposite  direction.  I  have  shown  that 
tliere  is  absolute  identity- in  the  position  of  the  absorption-band  in  the 
extreuK*  violet,  in  the  case  of  the  CO-  and  NO-  compounds  of  hiiemoglobin.^ 

The    principal    characteristic   reactions    of  CO-hsemoglobin. 
1.  Wlion  t nulled  with  Stokes'  reagent,  solutions  of  ammonium  sulj)hide, 
and  the  like,  no  cliange  whatever  occurs,  either  in  the  colour  or  the 
spectrum    of   blood  saturated  with  Ciirbonic  oxide,  or  in  solutions  of 
])ure  CO-hicmoglobin. 


II K    L   M 


N 


Fk; 


-Tlif  ])li»>toi;rap]ii<'  s]M'c'trinn  of  oxylia'ino^'loldii  jiiul  of  CO-hiuinoglobiii. 


2.  The  blcMMJ  of  men  or  animals  as]»hyxiated  l)y  carbonic  oxide,  or 
l)y  a  Lias  containing  it  (charccjal  fumes,  coal  <j:as),  if  pietty  fully  satumted, 
possesses  aiid  ictains  for  a  lon<^  time  a  llorid  arterial  colour,  and  when 
(lilultMl  is  found  to  l>e  ]»artiany  or  completely  irreducible.  Hop]>e- 
Scyler  found  that  if  such  blood  is  scaled  in  j^dass  tubes,  it  may  retain  for 
some  yea  IS  its  cliaracteiistic  s])Octrosco])ic  ])ro])erties,  and  even  admit 
of  (M)  beinu'  boiled  out,  with  the  aid  of  the  mercurial  pum]>,  and 
identitictl  by  chemical  analysis. 

.*».  The  addition  of  a  concentrateil  solution  of  sodium  hydrate  (density 
I-."))  to  blood.  satu]ate(l  with  ('( )  in  the  ]»ro]»oit ion  of  alxnit  two  ]>arts 
of  the  foiniei-  to  one  of  tlie  lattei",  causes  the  blood  to  assume  a  tine 
scai'let  Colour,  and  to  deposit  a  ciiniabai'-i'ed  ]>i'eci]»itate.  The  same 
coloiation  ami  jnccijiitate  is  ])i'o(hiced  with  solutions  of  ]nn'e  ( '( )- 
lia'ino'_rl(.hin.  Acco](hnir  to  n(»)i]»e-Seyle]\  the  ]»reci]iitate  is  eoin]»osed 
of  ('( )-ha-ino'^lobin,  ia]iidly  ]tassinL^-  into  ('()-hjeinocliromo^(Mi.  When 
normal   blood    is    treated    in    the  same   way  with  sodium   hydrate,   it   is 

'  Ciiii-.r,   /'roc.   /.'"//.  N'V.   Lmnlon,  1  MM».  vol.  lix,  j..  27t>. 
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(vinverteJ  into  a  black  shining  mass,  wliieh  when  Bpreail  in  thin  layers 
over  jKjrcelain  appears  of  a  green iwh-hniwn  ectknir. 

4  AqiieoiiH  neutral  sohitiuiks  of  pure  CO-hteninglnhin,  when  heated 
to  Wiling  jx»uit,  furiiiBh  a  luiglit  red  precipitate,  riJiu]tnsetl  of  enagulated 
alliuminous  miiisUxnres  ajnl  CU-ha'Uiuchrunin^rL4i  (H<tp]ie-Seyler), 

5.  ,S>lijtiuns  of  carhonie  oxiile  liienn»gltjliiii,  tieatt'd  with  NO  in  the 
aheeiice  of  oxygen*  are  at  taice  (kH^iuapaseih  anil  liberate  CO  (Kiifner), 

XrTRic  Oxide  H.^^MOGLOBtN  (NO-H.KMOGLOBrN). 

Mofie  of  prejxiraHofh — S<>  great  is  the  affinity  of  nitiic  oxide  for  oxyt^en, 
that,  when  it  comes  in  fontiict  with  it,  deep  red  fumes  tif  nitrogeu  peroxiile,  NO.^, 
IB  formed.  When  this  gas  goiupj?  in  contact  with  water,  the  decotupoaitiou 
indicated  in  the  following  equation  occuis  : — 

3N0,  +  HP  =  2HN(  I,  +  NO. 

But  as  all  free  adds  decompose  the  cohniriug  matter  i>f  the  blonil,  Ijofore 
eaudni^  nitrie  oxide  to  act  ujhui  blnod  rerUdii  preraution^  must  be  taken; 
for  even  if  atmospherit-  oxygen  be  eHmintitfd  and  nitric  oxide  caused  to  act 
upon  oxyh.^moglobin,  nitrons  oxide  woul^l  he  formed  nt  the  expense  of  tin* 
ifxygen  of  thut  b<>dy  ;  and  next,  by  tlie  fietiiin  of  water,  nitrii-  acid,  whieh 
wonld  imme<liately  decompiKse  tbo  ht'^mrtglohin. 

Two  inethodn  of  proceeding  are  open  to  us — (a)  To  itdd  to  the  solution  of 
oxylia&moglobin  which  Is  tt*  lie  Hiihje<'ted  U^  the  ai^tifinof  nitric  oxide,  8uHicient 
ilbiii  to  neulraline  the  nitric  acid  wliicb  will  ho  formed.  Such  a  solution 
rruiiit  \te  placed  in  a  flask,  permitting  of  tlie  wliole  of  the  air  above  the  solution 
(jdug  driven  ont  and  replaced  hy  a  nentral  ga^^^  liefore  allowing  actress  t^  the 
nitric  oxide.  After  the  latter  has  exerteiJ  its  action,  care  must  he  taken  iigain 
U)  pass  a  neutral  gas  through  the  apparatus  and  sohition,  so  as  to  remove  all 
Inm  <ff  free  nitric  oxide. 

(I/)  The  solution  of  oxyh.T'mogiol>i!i  is  snlijet'ted  U>  lln^  long  eontintied 
action  of  ciirt>onic  oxide,  so  ns  to  form  Cn  luiunoglohin  and  U>  <^x|ii^I  fdl  traees 
of  dbsolved  rixygen.  Otherwise,  the  process  is  roii^tructed  as  ilescribeil 
under  (a).  This  proceSvS  wouhl  lie  i-ertaiidy  preferreib  if  it  were  desirefl  to 
crystalline  the  NO-compound. 

Physical  and  rhtmiml  dmrnrhrs, — Blood  saiuraietl  with  nitric  oxide 
possesses  almost  as  florid  a  enhuir  an  C<)-liluot|,  thiniLrh  Heinntnu  says 
that  it  does  not  jiresent  t!ie  sliglit  bluish  nhade  of  the  latter.  It  exliilnts 
no  dieliroisni.  Solutions  of  NOdiaino^dnbin,  or  dilnte<l  XUdjh>otb 
exhibit  a  visible  s|>eetruni  in  whieh,  a.s  1  Itave  naivineed  myself,  tlie 
Uinds  fH*eupy  jnrrmlif  the  ]atsitii»n  of  tlie  two  oxyhieuingl(»bin  barn  In. 
In  the  phntoginphic  apectrurn,  however,  tlie  Land  in  tlie  extreme  violet 
exhibits  absohde  colnridnue  witli  that  of  ('O'lueuiffglobin, 

K0-ha2moglobin  can  l>e  ervMallised,  and,  as  Iferuinrm  .showed,  the 
aystak  are  identical  with  those  of  uxyliM'njiijL^Iolmi  ami  ( 'Odiajnoglohin. 

AlLEOED   (but   PEOBLEMATICAL)   (.'UxMI'OUNDS   of    ILEMunUUilX 

WITJt  Gasks, 

1,  With  hydrocyanic  acid. — The  mo,Mt  discrepant  stJitements  have 
been  made  in  reference  to  the  very  simple  questitni — whether  livdrocyanic 
aeid  added  to,  or  passed  through,  bhind  affect^  the  characters  of  it^^  ahsorption- 
sfiectnim.  In  spite  of  thejste,  it  may  lie  ilefinitely  statetl  that,  at  ordinary 
temperatures,  and  when  acting  for  moderate  jieriods,  hydrocyanic  aciii  ieaiLs 
VOL.  I.— J  6 
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to  no  change  in  the  physical  characters  of  the  blood,  of  which  the  spectrum 
remains  unchanged,  and  of  which  the  property  of  being  reduced  by  suitable 

agents  remains  unaffected. 

Upon  what  appears  to  me  to  be  altogether  insufficient  evidence,  Hoppe- 
Seyler,^  however,  came  to  the  conclusion  that  hydrocyanic  acid  forms  an  easily 
decomposed  compound  with  haemoglobin.  If  hydrocyanic  acid  be  added  to 
a  solution  of  oxyhaemoglobin,  on  crystallising  out  the  latter  it  retains  some  of 
the  acid.  These  crystals  may  be  repeatedly  crystallised,  and  when  dried  in 
vacuo  over  sulphuric  acid  they  are  found  to  contain  hydrocyanic  acid.  The 
supposed  compound  of  hydrocyanic  acid  with  oxyhaemoglobin  presents  an 
absorption-spectrum  absolutely  identical  with  that  of  oxyhaemoglobin,  and  is 
reduced  just  as  easily  by  such  agents  as  ammonium  sulphide  or  Stokes's  re- 
agent. On  the  other  hand,  blood  to  which  hydrocyanic  acid  has  been  added 
shows  the  bands  of  oxyhaemoglobin  for  a  much  longer  time  than  normal  blood. 

It  appears  to  me  that  no  proof  whatever  has  been  advanced  of  the 
existence  of  a  chemical  compound  of  oxyhaemoglobin  with  HON. 

That  some  liydrocyanic  acid  should  adhere  to  haemoglobin,  as  it  crystallises 
out  of  the  mother  liquor  which  contains  the  acid,  is  quite  in  accordance  with 
a  number  of  experiences  of  a  similar  kind,  and  can  by  itself  afford  no  evidence 
of  an  actual  compound  existing.  The  resistance  of  blood  to  which  hydro- 
cyanic acid  has  been  added,  to  decomposition,  when  confined  in  a  sealed  or 
closed  vessel,  can,  on  the  other  hand,  be  easily  explained  by  the  unquestion- 
able arrest  or  slowing  of  the  process  of  putrefaction  in  the  presence  of  hydro- 
cyanic acid.  It  is,  undoubtedly,  the  products  of  putrefaction  which  are  the 
causes  of  the  apparenthj  spontaneous  reduction  of  the  oxyhaemoglobin  of  blood 
confined  in  a  receptacle  to  which  air  has  no  access;  so  that  an  agent  which 
does  inhil)it  putrefaction — as  hydrocyanic  acid  unquestionably  and  admittedly 
docs — and,  at  the  same  time,  does  not,  at  ordinary  temperatures,  decompose 
oxyhflemo^lohin,  would  be  expected  to  act  iis  hydrocyanic  acid  has  been  found 
to  do  in  furthering  the  persistence  of  the  oxyhaemoglobin  ])ands. 

What  I  have  just  stated  in  reference  to  the  probable  non-existence  of  a 
comi)ound  of  IICN  with  oxyhaemoglobin,  does  not  imply  my  disbelief  in  the 
existence  of  an  interesting  compound  of  hydrocyanic  acid  with  methaemo- 
globin,  described  by  Kobert,  which  will  be  discussed  after  the  latter  bmly 
has  been  described. 

2.  With  cyanogen. — Kay  Lank  ester  -  believed  that  cyanogen  formed  a 
conij)ound  with  haemoglobin,  probably  analogous  to  the  CO-  and  NO-com- 
pounds,  and  characterised  by  an  absorption-band,  resembling  that  of,  but 
obvituisiy  not  due  to,  reduced  luemoglobin.  Many  discordant  statements  have 
been  published  on  this  matter.  It  a})pears  that  by  the  prolonged  action  of 
cyanogen,  as  by  the  prolonged  action  of  HCN,  there  is  produced  Robert's 
cyanogen inethaenioglobin  (see  p.  248). 

3.  With  acetylene  (CoHo). — Bistrow  and  Liebreich  ^  surmised  that  acety- 
lene forms  a  very  unstable  compound  with  haemoglobin,  easily  reducible  by 
sulphide  of  aiunionium  and  similar  agents.  On  the  evidence  at  present  at  our 
dis])osal,  tlie  existence  of  this  compound  must  be  considered  as  more  than 
l)rol)leniatical. 

4.  With  carbon  dioxide. — According  to  Bolir,  luTmoglobin  forms  a  series 
of  couij)ounds  with  c;vrl)on  dioxide,  which  possess  spectra  identical  with  those 
of  reduce(l  ha'uinglobin.  He  states,  further,  that  if  a  solution  of  InTmoglobin 
he   l»rought  in  contact   with   a   mixture   of    oxygen   and   carbon   dioxide,   the 

^  "  Cvaii\vas.s.T,>tMini;i'nioglobinvt'il>in«hingen,"  McA.-rlum.  (^ntimuch.,  lU-rliii,  1SG8,  S. 
206--20S; 

^  "  l^'lu-r  (It'll  Eiiifhiss  (Ics  ('yaTi^^'ascs  aiiC  Ilaiiid^loliin  iiacli  spectroscopischen  Beobarli- 
tungeii,"  Arch./.  <l.  <f's.  rh/slol.,  l^oiiii,  IsG!*,  I)d.  ii.  S.   }t»l  - 193. 

*"  L'ebfT  die  WiikiiiiL,'  (lf>  Acctyleiis  aiif  lias  l>hit,"  L'tr.   li.   d^utsdi.  ch<m.   (jCScUs-'h.. 
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imoant  of   either  of   these  gases  which   is  absorbed  is  independent  of  the 
iiheL 

A  careftil  study  of  the  whole  of  Bohr's  researches  on  this  subject,  as  well 
as  tjwwe  on  the  various  hypothetical  compounds  of  haemoglohiti  with  oxygen, 
his  convinced  me  that  his  work  is  pervaded  by  fidlacies,  which  spriii^r  in  part 
from  erroneous  methods  of  work,  in  part  from  a  nnn-apprecmtion  of  physical 
prindplee  of  which  the  exactitiide  is  beyond  dispute  ;  the  discussion  of  Uohr's 
«tatement^  in  a  text-book  would  be,  under  these  circuuiatances,  altogether  out 
of  the  question, 

THE  IMMEDIATE  DERIVATIVES  AND  PRODUCTS  OF  DECOM- 
POSITION OF  OXYH.EMOOLOlilX  AND  KKDUCED  HAEMO- 
GLOBIN, 

Introductory  observations.— It  has  already  been  stated,  that  when 
the  bKM_»tl-e( doming  matter  i.s  sabjefte<l  t«i  the  attiim  of  jstioiig  alkalies 
and  of  aciihs,  or  tsveu  of  salts  po^seHaing  aii  acid  reaction,  or  to  the 
iction  of  heat,  of  alcohol,  aud  of  many  other  eheniieal  at^eiits,  it  luuler- 
goes  a  de€oni|K>sitiou  of  which  the  chief  jiroductw  are  an  alhnmiiions 
sobetance  or  siihstanees,  ami  u  colonriog  miittor  which  contains  the  whole 
of  the  iron  originally  present  in  the  oxyhccmoghiliin  \\x  hauioglohin 
deet»myM>fted. 

L'nder  ordinary  circiUMRtaiices,  vvIkmi  uxyliirnio^li^ltin  is  dt*coiu|3oscd  in 
the  presence  of  air,  the  colHured  pnMluct  <jf  ilcr  om]H>sitii>ii  is  the  hody 
we  know  as  kwrnaiin,  the  ainoiint  of  which  ]  and  need  corrcspnnds  tlieu- 
retically  to  38  jier  cent,  of  the  oxyhicinn<^dohiiL  Tvaecs  t^f  organic 
Acids  are  aald  to  result  from  the  decoiiqiusition,  the  main  pnKhict  of 
which  is,  however,  composed  id'  the  alhuminnuw  residue  of  the  hlood- 
ooloiiring  matter  (indd  infra).  If,  however,  iiistea<l  of  decompoHing 
oxj'hienn*glol>in,  we  employ  reduce<l  luenMigluhiTJ  and  carry  out  the 
process  ill  the  ruuiplete  absence  of  oxygen,  we  obtain,  not  haiuatin,  but 
i  luxly  of  which  some  of  the  optif^d  characters  were  first  described 
liy  Stokes,  and  which  he  named  rcthfecd  hfrmaiin,  to  iiidiciite  that  it 
may  lie  obtained  by  the  action  of  reducing  agi^nts  on  hii matin.  Instead 
uf  employing  thia  term,  it  is  better  to  adftjd,  tliat  of  luninchrnomgi^n, 
introduced  by  Hop]je-Seyler,  to  whom  we  f>we  nearly  all  the  knowledge 
we  possess  with  regard  to  it.  Aco>rdiDg  to  Ho]»pc-Scyler,  haiiiocdiro- 
mogen  constitutes  the  coloured  railicle  i>f  the  ld<md-cnlmiriivg  matter, 
ttpon  which  its  essential  optical  ]iroj»ertieH  and  its  ]»ropcrty  of  c<tm- 
bining  with  oxygen,  carbonic  oxide,  and  nitric*  oxide  dcj>enil. 

Under  the  inrtuence  of  carbonic  aciil,  and  very  dihite  acid.s  Hcting 
for  com  para  t  i  vel  y  s  h  f  tr  t  |>er  i  od  s  o  f  t  i  m  e .  n  x  y  1 1  <  ei  1 1 1  (g  I  <  h  in,  long  h  c  f  i » r  ( *  t  he 
complete  splitting  up  into  h;cniatin,  nn(b*rgfjes  a  cluingc  which  is  donl>t- 
less  of  t!ie  nature  of  a  decomposition;  this  change  ia  identical  with  that 
which  is  also  brought  about  by  a  variety  of  oxidising  agents,  tyjtically 
by  ozone,  nitrites,  and  potassium  ferricyanidc :  to  the  l»ody  winch 
results,  the  name  of  metha-mogbibin  has  been  given.  It  will  be  con- 
Bidered  first  amongst  the  dec<nupositi(»n  pri*ducts  rd'  oxyhiiiuoglc^biiL 
We  shall  show^  it  to  be  a  substance  which  in  foruied  in  tlic  living  laody, 
under  the  in  Hue  nee  of  certain  ]ioison<>us  agents,  and  is  orcasioniilly 
found  in  old  blood  extravasatinns ;  it  ]Missesse.s  tfie  power  of  forming 
moleetilar  compounds  with  certain  bodies,  sucli  as  niti'iteSj  bydrocyaoic 
acid,  and  cyanogen. 
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The  ALBirMiNous  Residue  of  the  Blood-Colouring  Matter. 

All  unfortunate  error  has   become  popular,  ami  lias,  indeed,  l)eeaj 
propagated  by  a  large  number  uf  text-books,  namely,  that  when  oxy- 
hieiuoglobiti  is  decomposed,  it  splitfi   up  into  liaiuatiii  and  a  definite! 
albuminous  matter  l>elon^nng  to  the  group  of  glrtbidins,  and  designated  ] 
fjlohiR.     There  m  absolutely  no  grtnind  for  such  a  sUtement.     The  terra  I 
(jlMn  was,  it  is  true,  asHigned  by  Preyer  to  aii  albunuiious  substance,] 
which  lie  obtained  as  a  produet  of  the  spontaneous  deeonipoHitiun  i»fl 
solutions  of  oxyhiemogli^bin,  l)ut  this  body  did  not  possess  the  charricter- 
jstic  properties  of  the  gloliiilins,  and  there  is  no  ground  for  considering 
it  as  rejaeKentiug  the  albuun'nous  body  whieli,  by  linking  to  itself  a  ' 
coloured  iron-erjutainiug  radicle,  forms  cryskilliue  Iwcmoglolun, 

Our  knowledge  ou  this  matter  is  in<leed  i>f  the  most  unsatisfactory  i 
character.    We  know,  and  have  sbow^i  (see  p.  207),  that  solutions  of  oxy*  1 
ha.nnoglol)in  in  tlie  presence  of  many  of  the  reagents  for  albumin  (s^i  h^ng^l 
as  tliesedo  not  decompose  the  blood-cob  airing  matter)  behave  quite  iiiffer- 
eutly  from  wolutionH  of  tlie  native  albumins,  globulins,  etc.    Thus  e4>p|ier 
sulphsite,  mercuric  chloride,  silver  nitrate,  an*l  the  acetates  of  lead  do 
nul  produce  even  a  cloudiness  when  abided   to  Rolulious  of  pure  haenin 
globiu,  so  lung  jis  tins  remains  undecomposed.     It  lias  long  been  rec4»g- 
nised,  too,  that  Lehmaun's  hy]Hjtiiesis,  that  the  blood'Colouring  matterj 
was  composed  of  colourless  cr\stals  tinted  by  a  red  ]u"gment,  was  false; 
but  as  to  the  true  nature  of  tlie  a!  bund  nous  residue,  we  have  very  littlsl 
knowledge,  though  tfie  facts  in  uxw  possession  ahnost  force  us  to  thefl 
conclusion  that  it  is  not    identical  in  all  uniuials,  as  shown    by  tliU 
difference  in  tlie  percentage  of  sulphur  in  the  h^emoglctl)in  of  the  hor 
and  the  dog.  ' 

The  reagents  wluch  we  employ  to  decompose  the  bloud-e<douring 
matter  yield  us  derivatives  of  the  albumin* uis  residue,  nut  the  Iwwly 
itself  ;  we  obtain  add  alluunin  as  a  result  of  tieiUiiient  with  acids,  alkaline 
albuminates  as  a  result  of  treatment  with  ^ilkalies.  The  most  interest* 
ing  olwervations  ou  tlie  albuminous  ]n'od nets  of  thedecomi>nsition  of  oxy- 
hiemoglobin  were  [jublished  by  Klihne^  thirty  years  ago.  He  showed  that 
when  COyis  p«issed  tlirough  sohitirms  of  juire  oxyhtemoglolun  a  floc<:'iJ€ii1 
precipitate  is  thrown  down,  which  dins  not  possess^  as  liad  Ixren  errom 
ously  asserted  by  A.  Schmidt,  JihmiojihfMk  ]^ropfrtk$,  and  which  di 
7Wt  beha  ve  as  a  fjloh  tf  I  in .  A  c  co  r  d  i  ng  t  o  K  u  h  i  n ' ,  this  ]  i  r  ec  i  p  i  t  a  te  j  k>s  sest* 
so  peculiar  an  ap]>ea ranee  under  tlie  micrt>seope  tliat  it  cannot  be  mi 
taken  for  any  other  substance.  It  hirms  buig  cobnuless  fibres  whicli 
are  so  like  fibres  of  connective  tissue  that  they  might  be  taken  for  them. 
This  substance  dilTers  fundamentally  from  globulin ;  it  is,  for  example, 
insoluble  in  water  containing  oxygen  in  solution. 


Metil^moglobin. 


:emo-^| 
tions,  ^ 


Hoppe-Seyler  was  the  first  *  to  observe  that  solutions  of  oxyhi 
glohin  ex|)osed  to  the  air,  or  filter  papers  saturated  with  such  solutions, 
often  assume  a  brown  colour.     Under  these  cuxum stances,  the  solution 

^  "Lelirbnch,"  18^6,  S.  206,  207, 

^  CenitalhL  /  d,  rmd.  JFutsensf-h.,  Berlin,  1864,  No»  '«a.  See  ako  Mfit.ckf^m,  Untef^i 
ftneh.f  Bfrlin,  S.  'i78,  ttiid  '*  Dio  Zn^^iinimcrisL^tmngdca  Mctluiiivoglobin,  uuij  sein*  UniWAiid-l 
lijugzu  Oxyhawiogluljiij,"  Ztschr.  f,  physioL  Vfiem.,  Stnissluirg,  187S,  Bd.  iL  S.  150,  IfiS. 
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is  found  to  have  l>eeome  acid  and  to  exhibit  a  spectriuii  in  which,  in 
arf(!ition  to  the  two  Ixiiids  of  oxyba?motr]ohin,  one  is  seen  in  the  red, 
occupying  miieh  the  position  of  the  Imiid  cif  acid  heuiatiii. 

Hoppe-Seyler  applied  the  iiaine  nf  uiethu  nioghjliin  to  the  very 
mdefiiiit^  and  pirohleimitieal  bmly  wtione  Hohitimiw  jMussesse*!  tlie  alinve 
cfianieters,  and  held  it  to  he  a  product  uf  the  |xartial  reduction  of 
oxyhiemoglobin.  cbiri\'ed  from  it  b}'  the  removal  of  a  portion  <>f  the 
dis*ioeialile  oxygen  of  that  eompound- 

I  myself,  soon  after,  investir^ated  the  cbiin^^es  In  ought  aliout  in  the 
pn>{iertie8  of  oxyha^nioglobiu  under  the  inllucute  of  }iifriti\%  and  in  a 
memoir,^  of  which  tlie  experkueutid  facts  have,  vsn  far  as  they  liave  yet 
beeu  controlled,  been  contirineil  in  every  particidur,  ]Kiinted  out  the 
remarkable  phenomena  which  atteu<led  the  conversion  t>f  oxyhicinoglohin 
into  metluemoglnliin,  tbongli  I  ccamuittcd  the  ernir  of  believing  that  tlie 
ctmQgeB  described  by  rue  were  due  to  the  L'iunl»iiiatioii  of  nitrites  with 
oxyhffimogloljm,  and  not  to  an  action  which  was  ailevvvsirds  shown  to  be 
poBsessed  by  a  large  ntnul>er  of  l«oth  oxidising  and  reducing  suliHtjinces. 
I  showed  that  bbMid  which  had  been  actetl  upon  Ijy  nitrites,  in  addition 
U)  marked  and  definite  changes  in  colour  and  spettrum,  had  almost 
entirely  l<5«t  it«  |wwer  of  absorbing  oxygen  from  the  atnutsphere ;  that, 
mider  the  influence  of  nitrites,  the  oxygen  of  oxyhu  niogloliin  U  not 
rrmort'if,  liut  passes  into  a  eiuKiition  in  winch  if  U  710  lontjer  remotahk 
by  boihng  in  vacuo  or  by  the  action  of  carl»onic  oxide.  TJic  actimi 
of  reducing  ^ents  reveals,  however,  as  I  showed,  that  tlie  molecule 
of  loose  oxygen  of  oxylucmoglobin  is  still  present  in  bbuM]  which 
has  been  acted  upon  by  nitrites,  for,  in  the  absence  tif  all  traces 
of  oxygen,  reilueing  agents  iirst  of  all  and  instantaneously  lilierate 
oxyhiemoglobin,  which  is  only  afterwards  reduced.  1  pointed  out  that 
the  chocolate -coloured  nitrite  blood  cnn  be  crystallised,  the  colouring 
luatter  being  isomorphous  with  hanK>gh>bin  ami  its  coni]Miunds,  nud 
that  the  crystals  cont-ain  the  nitrite  wlni-h  has  brought  alxait  the 
change,  though  I  showed  that  the  composition  of  these  mokiular  mm- 
pouTuis  of  oxyhamoglobin  is  not  a  constant  one.  After  iinnunerable 
csontnidictions,  it  hns  been  proved,  though  willnait  a  wonl  of  acknow- 
Jedgnient,  mainly  by  tlie  researches  of  lliifocr  and  Ids  pupils,  that  my 
account  of  the  changes  which  characterise  the  ff>rniation  of  mothn  mo- 
^obin  was,  in  every  [articular,  exact,  whilst  the  (^omjiaratively  recent 
statement,  by  Xol>ert,  of  the  existence  of  combinations  of  hydrocyanic 
acid  and  cyanides  with  metha-jnogli^lnn  is  an  illustration  of  the  elaes 
of  compounds  of  oxyh;cnioglobin  whit  h  I  was  the  first  to  discover  and 
describe,  and  of  which  doubtless  a  huge  number  will  be  obtained. 

Mode  of  pre/Hirafit/n.—A  Ijogc  nu^rdM-r  af  iunrg;odr  m]m1  oi;^;on(' ImhIii'.s, 
ai-ling  ufKin  H«»kitioiLs  of  oxylitCiuogltibin,  convirt  it  into  mctliauioglobiii. 
Thv  chiof  of  theiif'  :xre  polasriitiiii  fiTricyiiind*"  whitlt,  oti  aft'ount  of  the 
lapidity  of  it'i  artion,  \i^  to  bo  piffiMTcd  to  all  othors  — nitritr.^,  (■lilorutes, 
pr>tA!^<itim  pemumgaiiato,  uitrohen^^ol,  (tyrugallol,  pyrnp;it*M*liin,  jirotainlid,  etc. 

In  order  to  study  the  Hpectn'scnpie  clianictrTS  of  uictluvinoglobiu,  a 
tsolutioii  of  dihitrd  blood  is  tirat*'d  wilU  a  frw  di'iti>s  of  a  stmiig  solution 
of  iJ<Jta.«^sium  f<."rnryauide,  when  the  eliiiu^'*'  in  loliiur  and  spectrum  is  si-vn  to 
occur  almost  iuKtmitly.  To  pre|iiire  the  riystalliui'  rolonriug  laatlii,  2  ur 
3  cc   of  a  saturatiHi  solution  of  potas^^iTuu  fcrriciyioiiijr  o]    t.f   a    nitrite    is 

*  A.  r;arogi?e,  "On  thf  Actiou  of  Nitrites  on  lUood,"  PhiL  Tnins.^  h\mdim,  l^tiH,  vol. 
clviiL  pi>,  58&-«2e. 


246  HEMOGLOBIN, 

added  to  a  litre  of  saturated  aqueous  solution  of  crystals  of  oxyhflemoglobin, 
and  after  the  conversion  into  methsemoglobin  has  occurred,  about  25  per  cent. 
of  alcoliol  added.  The  mixture  is  then  exposed  to  a  temperature  below  0'  C. 
I  succeeded  in  recrystallising  methaemoglobin  prepared  by  the  action  of 
potassium  nitrite  and  of  ethyl  and  amyl  nitrites  on  oxyhaemoglobin. 

Chemical  and  physical  characters, — Crystals  of  methaemoglobin  are 
more  sparingly  soluble  than  those  of  oxyhaemoglobin,  and  the  colorific 
intensity  of  their  solutions  is  less. 

It  is  to  be  noted  that,  whilst  solutions  of  reduced  and  oxyhemoglobin 
are  not  precipitated  by  either  neutral  or  basic  lead  acetates,  these 
reagents  added  cautiously,  with  careful  avoidance  of  an  excess,  precipi- 
tate mcthmmofjlobin,  Jwnmatin,  and  hwrnatoporphyi^in,  and  may  be  em- 
ployed for  the  separation  and  detection  of  traces  of  oxyhaemoglobin 
when  mixed  with  and  concealed  by  any  of  the  above-mentioned  bodies. 

Solutions  of  methaemoglobin,  w^hen  of  a  neutral  or  a  slightly  acid 
reaction,  possess  a  chocolate-brow^n  colour.  When  the  solution  is 
rendered  alkaline,  its  colour  changes  to  red  without  a  tinge  of  the 
chocolate-brown. 

The  acid  solution  is  found  to  present  a  spectriun  in  which  the  oxy- 
haemoglobin l)ands  a  and  (3  are  very  weak  or  even  not  visible,  whilst  an 
absorption-band  is  seen  in  the  red  between  C  and  1),  and  nearer  the 
former.  This  band  occupies  nearly,  though  by  no  means  exactly,  the 
position  of  a  similar  band  in  the  spectrum  of  acid  hematin  (see  Plate 
H.,  Spectrum  o). 

On  now  rendering  the  solution  alkaline  by  means  of  ammonia,  the 
band  in  the  red  disappears,  and  is  replaced  by  a  faint  absorption-band 
immediately  on  the  red  side  of  D.  By  changing  the  reaction  of  the 
solution,  the  alterations  in  its  colour  and  spectrum  may  be  repeated 
indefinitely  (Ganigee). 

if  a  solution  of  methiemoglobiu  be  placed  in  a  deep  test  tube,  in 
front  of  a  spectroscope,  and  arrangements  be  made  for  allowing  a  stream 
of  solution  of  ammonium  sulphide  to  How  to  the  lx)ttom  of  the 
li([uid,  it  can  be  readily  shown  that  at  the  very  moment  of  the 
contact  of  tbr  reducing  and  the  methiemoglobin  solution,  the  spec- 
trum of  oxyhamoglobin  appears;  to  be  subsequently  and  much  more 
slowly  re])la('(Ml  l»y  that  of  reduced  hienioglobin,  which  in  its  turn, 
when  shaken  with  air,  yields  oxyluemoglobin. 

A  study  of  llie  ])liotographic  spectrum  of  metluemoglobin  has  led 
me  to  results  (jf  great  interest.  The  conversion  of  oxylnemoglobin  into 
Hieihii'iiioulohiii  is  attended  by  a  shifting  of  the  band  of  S(U"et  from  the 
extrcinc  violet  to  the  ultra-violet  properly  so  called  (Fig.  *)G).  The  most 
persistent  jiait  of  the  l)an(i  in  very  dilute  solutions,  coincides,  hideed, 
with  the  Jl  and  I\  l)aii(ls,  hut  the  band  extends  more  and  more  into  the 
uhra-violet.  as  \\w  e(nieentiation  of  the  solution  increases.  The  position 
and  eharaeteis  of  this  band  in  the  case  oi  metluenioglobin  absolutely 
eoiresj Kinds  with  those  of  the  aeid  eoni})ounds  of  ha*matin,  and  not 
with  those  ]»resente(l  In"  JKenio^lohin  and  its  eoni})ounds,  or  by 
hieniochinnioM-cii  (see  Fi^r.  :;S). 

This  spec!  loscopir  ehaiaeter  eeitainly  seems  to  lend  weight  to  the 
e\id<'nee  of  (ither  kinds,  which  indicates  that  nietha-inoirlohin  is  a  tiisl 
])ro(hici  of  the  il" oinpusUioit  r)f  the  (»xvlianio^lol)in  nioleeule,  and  that 
this  is  a  decoiu]iosition  which  leads  to  the  se]»aiation  of  a  compound  (^f 
hainatin.  and  not  of  ha-niochi-omoo-en.     Ho]i]ie-Seylei-,  indeed,  expressed 
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the  opinion  tliat  the  colouring  matter  in  metha^moglobiii  is  in  the  same 
state  as  in  hfematin,  the  iron  bc^iiig,  as  he  thought,  in  the  condition  of  a 
ferric  compound,  whilst  in  oxyluetuoghjhin  ami  in  ha*nioclironingeo  he 
believed  it  to  exist  in  a  ferrous  state,  tliongh  the  grountls  for  these  very 
definite  statements  ai^  certainly  wanting. 

The  researcheB  of  HUfner  on  the  oxygen  of  meths&moglobin. 
'  — I  had  shown  that  the  action  \A  nietha-moglobin,  aa  produced  by  the  action 
of  nitrites,  could  not  be  attended  by  a  profound  alteration  in  the  constitution 
of  oxyhiemoglobin,  seeing  thjO  tht-  addition  of  certain  reagents  at  once  caused 
all  the  effects  of  the  action  to  di.sappearj  and  revealed  the  continued  existence 
of  oxidised  hemoglobin.  Nitrites  (for  thefie  we  -should  now  read  all  agents 
capable  of  transforniiug  oxyhfcmoglobin  into  methaBuioglobin}  luid,  by  my 
-  experiments,  been  shown  to  resemble  in  no  way  those  agents  which  thmst 
{ oxygen  out  of  the  blood  ;  on  the  other  hand,  I  had  ethown  that  the  action  of 
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K10.  36. — ^The  photographic  s{iectrum  of  oxyliu^moglobm  aud  metheemoglobin. 


nitrites  resulted  in  ihe  locking  up  of  the  oxygen  of  the  blood,  so  as  to  render 
I  it  irrctniivable  by  carbonic  oxide,  or  by  a  vacuum.  Btit  filthough  I  had  dis* 
I  covered  that  methfemrfglobin,  when  treated  with  reducing  agents,  at  once 
j  liberates  oxy haemoglobin,  I  had  not  been  able  to  show  that  when  the  latter 
iBubstance  is  converted  into  the  former  the  whole  of  its  oxygen  is  locked  up 
J  without  loss,  and  may  be  subsequently  liberated.  This  was  reserved  for 
'Hnlner. 

When  nitric  oxide  acts  upon  a  solution  of  methiemoglobin,  the  brown 
colour  is  changed  to  bright  red,  the  spectrum  of  the  red  sohition  being 
identical  with  that  of  KG  luenioglohin.  Kc  flee  ting  on  this  experiment,  Hiifner 
thonght  tliat  perhaps  Nt)  ixissesse.'*  the  power  of  becoming  uxidised  t^  NO^, 
at  the  expense  of  the  oxygen  locked  up  iu  niethajmoglobin  {i,e.  oxygen  of 
the  nriginal  ox y haemoglobin  which  had  passed  into  a  more  stable  combination). 
As  such  miglit  be  the  case,  it  occurred  to  Hnfner  to  determine  the  volume 
i  of  NOo  pn^duced  (for  this  would  l>car  a  definite  relation  to  the  O  abstracted 
ilrom  methfemoghibiu),  by  causing  the  nitrous  acid  (IINCX),  which  would 
W  pro<Juced  by  t]ie  action  of  the  water  of  the  blood  on  NU^,  to  decompose 
urea,   the  N  ii berated  being  a  measure  of  the  oxygen  derived  from  methfcnio- 
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globiji.     The  ingenious  conception  of  Hufuer  will  be  rendered  evident  by  the 
three  following  equations : — 

(1)  6NO-h2(in>-0,)-4NO.  +  2{nb^NO). 

(2)  4(N0.)  +  2{H.U)  =  2(NtXH)  ^  2(KU,il). 

(3)  2(N02H)  +  CH,N,0  =  3(H,0)  +  SCO.  +  2(N2). 


From  these  eqnatiuns  it  results  ihat  each  molecule  of  nitrogen  liberated 
will  corresp<>nd  tu  !i  molecule  of  oxygen  which  had  become  lixed  in  metliaemo- 
globin. 

Whether  the  mt>re  fumly  I'omhined  oxygrn  of  uiethfemoglohln  were  riijuiblf 
of  oxidising  nitrii'.  i»xiile  or  uotj  the  oxygen  of  oxyhiFiiioglubin  would  certainly 
be  able  to  do  8i»,  and  lliifner  pDiceeded  lo  compare  the  amount  *if  N  liberated 
in  the  above  reaction  by  solutions  of  exactly  corresjjonding  concentration  of 
oxy haemoglobin  and  of  alkaline  methoenioglobin.  The  results  left  no  room  for 
iloubt,  ViT\i\  led  to  the  eonehigioti  that  when  i»xyliaemoglohin  is  converted  into 
metha*mtpglobiii,  ikr  trhoh  nf  Hh  oriifjen  pju^^-sea  inti:>  a  state  of  more  intinuite 
comhinatiou,  m  that  it  e^in  no  huiger  be  removed  either  by  CO  nor  bj  a 
vacuum,  hut  is  yet  available  iu  oxidise  such  h<»dics  as  NU.^. 

The  compounds  of  methoBinoglobin  with  nitrites.  — I  showed,  as 
bas  already  been  sUited,  tliat  wheu  a  .s«>hitioii  of  pure  oxy haemoglobin  is 
treated  with  a  solution  of  a  nitrite,  so  as  to  prciduce  the  <  hange  in  colour 
and  spectrum  which  we  ni>w  know  to  be  characteristic  of  Jiiethfemoglobin, 
the  blood-colouring  matter  crystallised  out  of  the  solution  is  found  tu  e^ju- 
tain  t!ie  nitrite,  though  the  proporticm  in  which  the  latter  c^>m bines  with 
the  luemoglohin  is  not  constant.  The  iliscordance  in  rei>ults  did  not  appenr 
to  me  surprining,  ami  that  **as  in  tiie  c4isc  of  other  combinations  of  a  molecular 
kind,  such  as  the  union  of  salt?  with  their  water  of  crystallisation,  of  liasf* 
with  sugar,  of  allamiin  with  metalh'c  oxides,  of  iodine  with  the  compound 
ammonia««,  the  anumnt  of  the  Bimnler  biuiy  added  to  tiic  more  complex  should 
vaiy  within  wide  limits."  I  further  Kpecukted  on  the  pndiahility  of  a  large 
nund.ter  of  s^imilar  combinations  t^»  that  of  oxyluemoglobin  witli  nitrites 
existing. 

The  compounds  of  methienioglobin  with  HCN  and  cyanides,— 
It  1ms  long  been  nt»ticed  that  hypostatic  marks  on  the  Ixxlies  of  men  and 
animalj?  poisoned  Ijy  prns.'iic  ucid  or  metallic  cyanides,  as  well  ns  the  mucous 
membrane  of  tlie  sti>raatdi,  present  a  striking  bright  red  colour*  Kol>ert^ 
surmised  that  this  coloration  miglit  be  due  to  combination  of  methremo* 
glol>in  with  HCN  or  metjillic  cyanidea,  a  hypothesis  of  which  he  thinks 
he  has  ohtmned  confirmation  from  his  experiments.  Robert  fuund  that  ou 
HON  i>f  erf  rente  dilution  to  a  1  or  2  per  cent,  solution 
the^e  itssume  a  beautiful  bright  red  colour,  whilst  the 
baJiil  ur  Imnds  of  methcTmoglohin  have  disafipeared,  and  are 
re|4aced  by  a  single  broad  alisorjition-band  Ijetween  ll  and  K»  occupying  alxjut 
the  position  of  the  band  of  reduced  hamioghibiiL  This  band  cannot,  however, 
he  made  to  disajtpear  by  the  action  of  rtxygen. 

According  to  Iviibert,  this  bund  is  not  alfected  by  the  addition  of  ammonium 
sulphide.  He  believes  the  body  wliich  is  produced  by  the  action  of  HCN  on 
metlitTmoglohin  to  be  a  (Compound  of  the  two  bodies,  and  be  ascribes  to  It  the 
name  '*cyauogenmethamoglohin/'  and  represents  it  for  brevity  by  the  ssyrahol 
CNHMetHh,  He  further  lays  claim  to  have  discovered  for  the  first  time 
similar  comiKJunds  with  nitrites  (!  !)»  Ihit  KoWrt's  view  of  the  natnre  of  t!ie 
actiun  of  U('N  on  nietlja*m(>gl«*bin  has  not  been  universally  accepted*  The 
absor}>tion  si>ectrum  which  he  has  descrihed  as  ciiaract'eristici  of  his  new 
compoimd  is  identical  with  that  described  by  Preyer  as  resulting  from  tho, 

1  **  Ueber  Cjaaaiethamoglobin  and  dea  Nachweifi  der  Blauaaare,"  Stuttgart,  189L 
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action  "if  HCN  oo  oxyha?iuoglol>in,  and  by  Nawrocki  and  Lankester  as  pro- 
ducal  when  KCN  acts  uj^xjii  bltK>d,  efijjecbdly  willi  tliu  aid  of  gentle  heat,  and 
which  htis  generally  been  held  to  be  a  conipounil  of  eyanugen  and  hjematin 
jcyanh^niutin). 

Srigeti^  maintains  that  Robertas  cyaiiogenmetlifenioglultin  is  In  reality 
ejuihiemsitin,  the  first  jitep  in  the  action  of  HCN  being  Ui  si)lit  up  the 
metluBttioglobm  moleenle  into  bn*inntiri  and  an  albiiminoii>i  substance.  I  do 
jiotj  however,  take  this  view,  and,  in  spite  of  the  evidence  wliirli  Robert  lias 
Induced  l>€iug  in  many  respeets  inetimpleto,  I  am  incbneil  to  think  that  tlie 
Tiew  which  he  has  advance*  1  h  correct.  In  the  first  jilace,  the  certain  existence 
of  coiopijunds  of  the  nit  rites  with  njelha^nftglnbin  aHoriLs  presumptive 
eridence  of  the  strongest  kind  that  similar  eomponmls  with  Kiich  iiodies 
IS  cyanogen,  hydrocyanic  acid,  anti  cyanides  exist ;  in  the  second ^  the  almost 
insLonlajieous  action  of  salutioas  of  hydrocyanic  acid  *)/  phennwpnal  ffiiu- 
tkni  pt»ndens  it  highly  impmbahle  that  the  action  of  liydroi-yanic  acid  on 
metbcemoglohin  is  one  in  which  decompo.'^itiun  into  luematin  is  w  jneliminary 

There  tjan  be  no  qne^tion  tliat  HON  acting  in  the  Ciild,  and,  for  ,i  short 
time  ii[x)n,  blood  or  on  solutions  of  t)xyha:nii>glol>in,  prodnccs  no  change  in  the 
speetnini,  and  it  i^  against  all  exi^eriencr  and  aualt^gy  fmni  the  action  of  other 
dilute  acids  on  eitlier  <>xyhiemitgl<il>in  "^r  iiu'lliaanogluliin  to  our  hide  that 
solutions  of  HCX  of  extraordinary  ilibition  sliuuld  I'c  td4e — and  almost  instan- 
tuieousl}* — to  split  up  the  <>xy<>rthonietha'niug]obin  molecule.  Ivobcrt  lias 
found  thai  a  solution  containing  0000003  gniL  of  HCX  is  altle  to  produce  the 
characteristic  change  in  1  e,c.  of  a  1  per  cent,  solution  of  nietluenmglobin. 
He  has  further  shown  that  his  assumed  cyanogen  mcthani<fgl<  ►bin  c^  in  tains 
HCN  which  can  be  recovered  fronj  it  without  hiss  by  distilling  with  suljihuric 
acid. 

CX>-metheemog:lobin,  —  According  to  Weyl  ami  v.  An  rep,-  thiw  com- 
poond  is  produced  when  aquetjus  sohiti^uis  of  ioiline  and  putiLssium  i<tdide, 
or  solutions  of  potassium  permanganate,  continue  1^  act  upon  a  solution  of 
CO-haTOogiohiii  for  several  tlays.  This  IkhJv  i.s  said  to  retain  the  red  colour 
of  Cn-hteninghibin,  and  to  jiresent  the  same  ahsori)ti'>n -bauds  in  its  .Hjmctruni. 
I  fail  to  understand  the  grounds  for  believing  in  its  existence. 

Snlpho-metha&inoglobin.  —  Thi>i  liy|nptlictiriil  hudy  was  Ifclieved  by 
lIo]>j>p-8eyler-'  to  be  the  cause  <>f  tlie  green  colviratiun  observed  oji  tlie 
surface  of  putrefying  organs. 

Sulphuretted  hydrogen  has  no  actiiui  <»n  rcdiirpd  lucmoghdiin.  When 
acting  in  small  quantities  nn  neutial  sohitions  of  pure  oxyhaudoglobin,  it 
reduces  thej?e.  If,  simultaneoush,  a  stream  uf  sulphuretted  hydrogen  and 
oxygen  he  passed  through  hbiod  nr  neutral  sfdutituis  (jf  piuc  oxyhrTmoglnbin, 
the  sokition  asHuuie.s  a  green  colour  in  thin,  and  a  red  colour  in  thick  layers, 
and  becomes  turbid.  These  solutions  are  characterise*!  hy  the  presence  of  two 
absorption -bands  in  the  red,  one  on  the  red  side  of,  Imt  quite  cl<>se  to,  C  ;  the 
other  is  abcjut  midway  between  C  and  1),  tlie  twn  bamls  being  nuited  together 
by  a  fthadow. 

It  apfjears  to  rae  that  there  is  imt  thu  slightest  ground  for  believing 
that  the  phenomena  alKive  described  an-  due  to   a   detinite   body,  — ^*snlphn- 

'**Ueber  Cyiiubanitttiti,"  Vrlfjschr,  J\  tjrrniiff.  n,  of,  M*d.,  tkrlin,  Sdpp.  Hd.  vi. 
S,  9-85,  I  only  kriuw  tliiw  paj>er  rpoai  the  abHMrtrt  \\y  Andre asili  in  Jnftnsk  ti.  iL  hWtAcht, 
d,  TkierChem.,  \\'\\.>nhfu\v\\,  18S3,  lid.  xsiii.  S.  iVliK 

*  •*Ueber  Kohleiioxyd  HamoLjlobia/'  1.  Oxvdatimi  von  CO-Hd  zu  Mclh-Hls  Arrh.f. 
Phymoi.,  Leipatig,  1!>S0,  8.  1^27-240. 

^  CtntralM.  /.  d.  mcd,  iri!i.\f:nsrh,,  HerUu,  18(ls,  No.  *JS  ;  *' Ueber  dit-  Eniwirkang 
dn  Scbwefelwa«»erstotT8  auf  d.  HliitlttibstofT/'  MnLrhtrm.  Unhir'^nrh,,  IStTlia,  S.  ii.'^l  ; 
Ankif  **Scbwefelmethffimoglobiii,'*  Jiff,?r'ftr.  f.  phffswL  Ohcm.,  StraaHlmrg,   ISWO,  Hd.  xi.  S. 
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metheemoglobin " ;  they  are  almost  certainly  caused  by  a  mixture  of  de- 
composition products  of  oxyhsemoglobin,  brought  about  by  the  action  of  H^S 
upon  it. 

H/KMATiN  (C34H36N4Fe05,  Hoppe-Seyler) ;  (CggHgoN^FeOa,  Nencki 

and  Sieber). 

As  has  been  already  stated,  h^matin  is  the  colouring  matter 
which  results  from  the  decomposition  of  oxy haemoglobin  by  acids  and 
alkalies.  In  acid  and  alkaline  solutions  the  body  is  characterised  by 
certain  spectroscopic  appearances,  and  especially  by  yielding,  under 
suitable  conditions,  when  treated  with  reducing  agents,  a  body  possessing 
the  optical  characters,  when  examined  with  the  spectroscope,  which 
were  originally  described  by  Stokes  as  those  of  "  reduced  hceinatin"  now 
known  as  "  hcvmochromogen  "  (Hoppe-Seyler). 

Mode  of  prrparation. — As  we  are  now  in  possession  of  an  easy  and  in 
all  res])ects  admirable  method  of  preparing,  in  a  state  of  great  purity,  the 
crystalline  hydrochlorate  of  ha?matin  or  "  hicmin  "  (see  p.  252),  the  latter 
body  should  invariably  be  employed  in  the  preparation  of  pm-e  haematin. 

Pure  crystallised  hiemin  (prepared  by  Schalfijew's  process)  is  dissolved 
in  a  highly  dihite  solution  of  potassium  hydrate,  and  the  alkaline  solution 
is  [)recipitated  by  means  of  dilute  hydrochloric  acid.  The  tiocculent- 
brown  precipitate  is  washed  with  hot  distilled  water  until  the  w^ashings 
give  no  turbidity  with  silver  nitrate.  The  hiematin  thus  precipitated  is 
first  dried  at  the  temperature  of  100°,  and  then  at  115°,  or  even  higher. 

r/n/sical  and  chemical  jyroperties. — Hannatin  has  not  hitherto  been 
crystallised.  In  the  condition  of  utmost  purity  it  possesses  a  bluish-black 
colour,  and  a  very  [)ronounced  metallic  lustre.  When  finely  powdered  it 
a}»]»ears  as  a  dark  brown  powder,  which  is  distinctly  pleochnmiatic. 

It  is  iusolul)le  in  water,  alcohol,  ether,  and  chloroform,  but  slightly 
soluble  in  glacial  acetic  acid ;  also  in  acidulated  alcohol,  Init  absolutely 
ins()lul)lc  ill  a([ueous  solutions  of  acids.  It  is  very  readily  soluble  in  all, 
even  highly  (liliilc,  alkaline  solutions. 

HiiMualiii  forms  a  crystalline  com])ound  with  hydrochloric  acid 
(hii'iiiatin  hydrochloride,  or  hicmin),  which,  because  of  its  importance, 
will  l)e  se])arately  descril)ed,  and  also  others  with  hydrochloric  and 
hydroln-oiiiic  acids.^ 

It  coiiil)incs  with  potassium  and  sodium,  as  well  as  with  ciilcium, 
l)ariuiii,  and  other  metals.  The  culcium  and  barium  compounds  are 
obtained  l>y  ])reci}»itathig  ammoniaciil  solutions  of  luematin  by  means 
of  solutions  of  calcium  or  l)arium  chloride,  but  they  have  not  been  yet 
ol)tainc(l  in  a  state  of  purity,  and  have  not  l)eeii  analysed. 

Hainalin  may  l)e  strongly  heated  to  180^  C.  without  undergoing 
(lcconi])osilion.  When  heated  further  it  is  carbonised  without  previously 
nielling  or  taking  fire,  and  liberates  hydrocyanic  acid,  leaving  a 
residue  of  ]»nre  r)xi(le  of  iron,  which  amounts  to  12"G  per  cent,  of 
tli(^  ha^iiialiii  incinerated. 

^^'ll^'ll  boiled  with  cniiccntratcd  ])otassiiiiii  hydrate,  lucniatin  under- 
goes no  |ierce])til)le  change  :  wlieii  fused  with  caustic  ])otash,  it  is  very 
slowly    (leeoiii])()se(l,    and    evolves    ainnionia.     It.    is    only    attacked    by 

'  M.  ( ".  Hu.ssuii,  C(ji,ij)f.  vtinl.  Jcftd.  d.  .<jr.,  Talis,  tome  Ixxxi.  ]).  177  ;  N\  D.  Harris, 
Jour II.  I'lni.<iol.,   ("anil)ri(lL,'f  and    fiOii'lon,    188r>,   vol.   v.   }».   '209  :  1).   AxentieM,  Ccntralhl. 
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Duncentrated  hydrcjchloric  acid,  at  a  temfw^rature  above  150"  C  Con- 
centratal  siiliiliiiric  ariil  diBsnlves  it,  without  any  gas  being  evolved, 
giving  rise  to  a  dark  rai  wolutinn,  froin  whicfi  water  precipitates  the 
subtanoe  known  as  "  lueniatopiirjihyrin "  (see  p.  258),  wliidi,  lib  it 
contains  m>  iron,  has  been  eumetiines  Bpciken  of  aa  irfin-free  luematin, 
Tliis  body  is  soluble  in  alkaline  Bolutiuns,  an<l  botli  its  acitln  and 
alkaline  solutions  exhibit  very  eharucteriwtit^  abBurption-speetra, 

Alkaline  solntions  ni  hamatin  in  thick  layera,  when  examined  by 
Ininsniittetl  light,  apjjear  red,  whilst  tliin  layers  aiipear  wl  an  olive- 
green  cidour.  Acid  solntions,  whatever  tlie  thickiie.si>  uf  tlie  sLrutum 
examined,  always  a]ipear  \A  a  liniwn  enluur. 

When  tlie  »peetriuu  of  light  tranyniittetl  tli rough  alkaline  and  ariil 
solutions  of  hitmatin  is  exandtied  by  tlie  phutngraphie  as  well  as  by  the 
direct  method,  it  is  neen  that  the  last  rays  of  tfie  Bpeetrnm  to  be 
abflorbed  are  the  red  rays  u]i  to  H;  that  tlie  suhitiinis  are  eharac^terised 
by  a  detinetl  almMriitit^n-band  iK'tween  C  aii<l  \\,  which  is  shifted  towards 
D  in  the  case  of  the  alkaline,  Uvwards  ( '  in  the  ea.se  of  the  acid  Bidntiiais ; 
that  alkaline  Rolutioim,  even  wlien  extremely  diliitcrb  elleet  u  general 
absorption  uf  the  whole  ultra-violet,  violet,  et(^,  rays  ;  that  aeiil  solutions, 
even  when  very  highly  diluted,  whilst  uc»t  exerting  a  general  aljsorption 
of  the  ultra-violet,  exliibit  an  absor]>tii>n-banil  at  llie  junetinn  of  the 
extreme  violet  and  the  ultra-viulet,  prnpLnly  so  calk-d. 

The  absorjvtion-lMiTids  in  tlie  visible  spettrum  of  bnth  alkaline  and 
acid  sohitiouH  of  luematin  are  sliowu  in  Pbite  II.,  Sjnn-tni  2,  4,  and  ti. 
The  alkaline  solutiniLH  exhibit  luie  abs(>ri»tion-baral  Itetween  U  and  1),  of 
which  the  more  refrangible  border  adjuiuH  D;  wbilst  aeid  solutions  exhibit 
an  absorption-band  also  between  (J  ant!  1>,  of  wtdcb  tbe  less  refrangible 
border  adj»jinH  (\  though  the  pnsitinu  of  the  band  is  somewhat  in- 
fluenced by  the  particidar  acid  vvhirli  haw  bt^cu  cm  piny  ud.  Attention 
is  directed  to  the  fact  that  the  band  between  ('  and  1>  in  Ihi*  spectrum 
of  methiemoglobin  dilTers  in  fK»sition  from  tlie  Itand  iu  tfic  sp/ctrum 
of  acid  as  well  a«  frora  that  of  alkaline  baMnatin,  WInlst  tfa^  abscyrjition- 
hand  of  the  fonuer  is  close  to  C  an<l  that  of  the  lattor  (lose  to  I),  the 
band  of  niethiemoglobiii,  in  aci<l  solutifaiH.  is  seiiJiialcd  by  a  marked 
interx'al  liotli  from  (*ajid  I*,  though  it  is  clnsor  tn  tbe  buna*i  than  to 
the  latter. 

Alkaline  solutions  of  bainatin  in  the  jfir-^fmr  of  (rrlniu  Jwuhjn 
matters,  when  treated  witli  reducing  agents,  exhibit  a  siHMtiinii  wbicli 
is  apparently  identieat  witfi  that  wlucli  will  be  desoribed  uialer  '^lIjrhHf- 
chromogen,"  aiKl  winch  was  first  dest  libnl  by  Slidces  as  tbe  spc<ivum  of 
ftducid  hxrmalin.  The  liaud  iti  the  reil  disaj^iiears,  an^l  twn  (  hsuat  tcristic 
bands  alll^e4i^  in  tlie  green  (Plate  IL.  Spectrum  '_>).  iM\  intw  sbaking 
the  redncetl  lifpurl  witli  air,  the  twip  b;Lnds  lirst  referred  to  disi^ppeai', 
and  are  reidacetl  by  tbe  (niginal  bani;ilin  baud. 

This  experiment  would  app*iar  to  ehow  tliitt  IjaMiiatia  is  but  oxidised  hiniio- 
chromogen,  a  concliLsitin  which  is  fjtlst^,  ari<l  wbitli  is  nn  illustmtiim  of  the 
mistakes  into  which  oljscrvers  niay  be  leii  wlm  foucludv  :is  t<>  the  identity  <^'f 
two  colouring  matters  from  tb*.-  identity  of  i)h>miiu'ut  ubsorptiou  bauds  iu  their 
spectraL 

A  strong  proof  that  oxiilised  hrerao^jhruuiofi*-!!  is  nut  i<k'utir:il  with  hannatiu 
is  derived  from  my  own  ohscrvatiou.s  on  the  id>smpti<ui  nf  the  extreme  violet  oad 
ultra-violet.  Whilst  ha^matin  jwssesses  even  iu  i<oIuti"ms  of  ^reat  dilution  the 
power  of  absorbing  the  whole  of  the  ultni  vinl*'l,  the  violet  and  even  the  lilue 
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rays  of  the  solar  speetrum^  oxidised  lifemochromogcn  ia,  in  solutions  of  miicli 
greater  concentration,  remark iibly  transparent  for  the  ultra-violet* 

Hoppe-Seyler  uiad  )  the  observation  that  perfectly  pure  solutions  of  hwmatin 
are  quite  unatfected  by  reducing  agents,  but  that  tlie  addition  of  eertiiin  foreign 
matters  {e.g,  albumiri)  renders  reduction  po^ible.  I  can,  from  my  own  re- 
peated observations,  emphatically  confirm  this  fa<^t. 

It  has  been  sUted  al:x>ve  that  tliluted  blood  and  solutions  of  oxyhsemoglobin 
treated  with  acids  exhibit  a  h^iiid  in  the  red  Ijetween  C  and  D  (of  which  the 
centre  is  approximately  .'situated  at  k  640),  though  it  varies^  Roraewhat  with  the 
nature  of  the  aciil  which  hfi^  effected  the  decompositioiu  Jf,  however,  blood 
be  treated  with  glacial  acetiit  acid,  and  the  mixture  at  ome  shaken  with  ether,  i 
the  latter  tiubsequent  y  se|iarates,  holding  so  much  of  an  aciii  c^jmixmnd  of 
haematin  in  solution  Oci  to  possesn  a  deep  red  colour.  This  ethereal  solution, 
in  addition  to  the  eharacteristic  baud  of  acid  hii?niatin,  exhibits  three  other 
bands  whose  positions  and  relative  intensities  are  indieatetl  in  Plate  II., 
Spectrum  6. 

HaBinatiii  hydroc  i.— When  a  iiiiimt^.  drop  nf 

blood  on   a  \ihim  alit'  'op  nr  two  of  glacial  ac'^*tic 

acid,  and  tlie  niixtii  ly  Hanio,  and   tlien  allowed 

to   evapin-atc,    the   i  nit'iiiseopic    oxaujiDatioii    to 

contain    iiiuuiiR^nibh  mtie    crystals,    which    were 

formerly  i^niistanily  i  lanii'a*  crystals  (after  their 

discoverer).     Such  ri  hI   froui  any  uld   IjIckkI  stain 

on  cloth,  Uiu.^n,  wihm  ined  tissue  ur  the  Hcra]uri^ 

of  the  stain  are  Iieatt:  ial  are  tie  acid.     It  m  neces- 

sary, howe\er,  l\\  tlit   _._.  -vnreti  may   have  been  eubjec-ted 

to  the  actifui  ai  water,   U  nttU  ervHtal  tjf  B<)<lium   chlori dt* 

to  the  ghiri;il  ar(^ti('  arid  lirfnrv  {jnilui;^.  IhfpjJi.-St'vler ^  sulmequently 
discovered  methods  of  obtaining  Teichmaun's  crystals  in  quantities, 
whicli  enabled  him  to  examine  their  physical  properties  with  some 
degree  of  completeness  and  to  analyse  them,  and  he  was  able  to  show 
that  luemin  is  a  compound  of  hajmatin  and  hydrochloric  acid,  to  which, 
as  a  result  of  his  more  recent  researches,  he  ascribed  the  empirical 
formula  C^H.^.N^Fe05HCl.  Nencki  and  Sieber,^  on  the  other  hand, 
assigned  to  hiemin  tlie  formula  C;j2H3oN4Fe03HCl,  corresponding  to  the 
formula  C.,JI.5„N4Fe03,  which  they  assign  to  ha-matin. 

Me f hod  of  jj/'eparinfj  hannin  in  hulk, — A  method  for  preparing  haemin  in 
bulk  was,  as  has  been  said,  first  devised  by  Hoppe-Seyler,  and  other  methods 
were  dcscrilxd  by  Nencki  and  Sieber.  These  methods  demand  the  ex- 
penditure of  nuich  time,  labour,  and  patience ;  and  none  of  them,  as  I  know 
from  my  own  abundant  personal  experience,  yield  a  product  which  can 
compare  in  tlic  absolute  uniformity  of  its  crystallisation  and  the  complete 
absence  of  all  amorphous  matter  with  the  one  described  by  Schalfijew,  which 
is  as  follows  : — 

One  volume  of  defibrinated  and  strained  blood  is  added  to  four  volumes  of 
glacial  acetic  acid,  previously  heated  to  80^  G.  As  soon  as  the  temperature  has 
fallen  to  55-60',  the  liquid  is  again  heated  to  80'  C.  On  cooHng,  crystals  at 
oncp  separate,  and  can  he  seen  floating  in  the  liquid,  presenting  a   charac- 

1  ZUchr.f.  rat.  Med,,  1853,  Hd.  iii.  S.  375,  and  Hd.  viii.  S.  141. 

"^  Virc1io\vs  Archiw  1864,  Hd.  xxix.  S.  597-600;  "Das  Hiimiii,"  Mcii.-chcm,  Unier- 
such.,  Berlin,  S.  379-385. 

^  Arch.  f.  crper.  Path.  u.  PharniaJcoL,  Leipzig,  1884,  Bd.  xviii.  S.  401  ;  1886,  Bd.  xxi. 
S.  325  ;  1888,  Bd.  xxiv.  S.  430. 
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iMliB  di^  lostTe  and  a  dark  blue  roloiif.     The  cry^taln  are  allowed  to  settle 

for  it  leftsl  twelve  hours,  and  the  clear  dark  hrowo  mother-liquid  is  syphoned 

off.     The  hlue   sediment,  if  care   was    Uiken   Uy  avoid   the    pra^^ence  of   any 

hioo*i  clota  ill   the   dehhrinated   blood  used   in   the   preparation,   is  found  on 

microscopic  examination   to  he  entirely  comported  of  erystala  of  lutrain.      It 

id  repeatedly  washed  by  decanUition  with  water;    then   thrown   on  a  filter, 

wid,  after  renewed  wai^hing  with  distilled  water,  it  is  subjected  to  long-eon- 

tiDued  washing  with  spirit  and  ultimately  witli  absolute  alcohol.     Tins  washing 

with  alcohol  must  be  continued  so  long  as  the  aliohol  assmuee  a  hrown  colour, 

and  ji  a  very  long  i>roees5.     The  blue  mass  remaining  on  the  filter  iri  ultinmtely 

waabed  with  other  and  alcohol,  and  in  the  lirst  instance  is  allowed  to  dry  by 

exposure  to  the  air,  and  afterwards  by  lieuting  to  115''  C.^ 

It  was  Btated  by  Schaltijew  tliat  by  his  process  5  grms.  of  pure  hEenun  can 
be  obtained  from  1  litre  of  detibrinatcd  hlood.  This  yield,  which  would  Ite 
ippioxiniat^ly  ecjui^alent  to  the  tlieureltcal  yield,  on  the  assumption  that  the 
blood  contains  in  the  mean  12  per  cent,  of  liiemoglobiii,  is  from  my  (►wn  experi- 
mce  never  realised,  1  litre  of  blood  yielding  on  the  average  3-5  grms.  of 
pure  haemin. 

Physical  and  eJumieal  jyro^Jcriies. — Whilst  preBentiiig  in  mass  a  blue 
colour,  and  exhJbiting/wlieTi  Hoatin^^  in  a  li<(uid,  a  silky  Instre,  on  niiero- 
floopic  exaaiiuatiou  IneinincrysttLlB  appear  i lark  bmwn  Ldnngatetl  rhombic 
plates  and  prisms  belonging  to  the  trielinie  systenL  They  are  arranged 
singly  or  in  groups.  They  are  stiniigly  doubly- re fraeling.  They  are 
quite  insoluble  in  water,  aleobol,  ether,  or  ehlorofuini. 

When  pure  uniformly  ervfitallised  ha-niin  is  boiled  in  pure  ghacial 
acetic  a<:"id,  the  latti?r  dissolveH  an  appreeialde  ([uaiitity,  assuming  a  dark 
hrownish-red  colour.  Froni  tbiB  Bolution  the  bii-niin  is  in  great  part  ile- 
(lo^ited,  on  cooling,  in  |>e)fert  crystals,  without  any  admixture  with 
amor|dinus  substjinces.  I  tind,  h(»wever,  that  if  the  process  of  re-erystal- 
lisatitin  l>e  repeate*l,  the  substance  depositeil  ou  oooling  (onsists  tif 
ha^niin  crystals  mixed  with  some  amorplious  colouring  nmLLer. 

HiHniu  is  very  easily  snluble  in  Ingldy  dilute  solutions  of  tbe  caustic 
dkalies  ami  their  rarbonates ;  from  tlicso  snlutions  bauiatin  is  pre- 
cipitiited  on  the  addition  of  an  acid.  If  nitTic  aciti  bo  used  as  tbe 
precipitant,  the  ehhjriue  which  liad  originally  beetj  combined  wlih  tbe 
htcmatin,  and  which  is  now  present  in  the  filtrate  as  an  alkaline 
chloride,  can  be  precipitated  by  silvei'  nitrate. 

When  ha-jnin  crystals  are  heated,  they  remain  uncljangeii  up  to 
about  200"*  C,  ;  more  strongly  heated,  tbey  glow  and  leave  an  ash  com- 
poeed  of  pure  iron  oxide.  When  jatre  bannin  is  intimately  mixetl.  as  by 
pfjunding,  with  pure  concentrated  sul]>fiurit'  acid,  byihf^cblorit^  acid  is 
hbemted. 

Xenclti  and  Sieber,  who  employed  amyl  aleohol  in  tlie  prejtaration  of 
hiemin,  found  that  when  prej>ared  in  this  way  tlie  crysttits  cnnlained  luuyl 
alcohol,  and  that  their  composEition  corrt  spuniL-d  to  tlw  ftirnmln  (Cdl.tyN^ 
Fe<:>.,.HCl)/J,H,.on. 

The  existence  of  a  definite  compound  of  liannn  niid  amyl  alcnla*!  is, 
however,  doubted  by  lloppe-Seyler.- 

*  M.  S<*halfijew,  I  Kave  not  seen  tlie  original  jkajitT  in  the  Journ,  niMl:  fli.-chim. 
<W.,  St.  Pett-rsburg,  1885,  S,  I^O  37.  Sec  ahiitraeta  in  /kf,  ti,  tUiitsi^h,  r/irm.  Gtsriisth., 
Berlin,  18l?r.,  ]\i],  xviii.  (Hfifcrat  lid.),  S.  232-2:33  ;  also  in  Jahresb.  iL  if.  ForiHchf.  iL  Thirr- 
C*m..  WiesUden,  1885,  Bd.  xv.  S.  laS. 

*'*Ueher  BUttfarbstfllfe  und  ibre  Zerj^etj'iirit^sprndiK'te/'  Zfsf'hr.  j.  pfu^stfjL  Cheni., 
SUittbnrg,  18S2,  IM,  3C<  S.  33  b 
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The  compounds  of  haematin  with  acids,  e.g,  hfiematin-hydrbchloride, 
present,  even  in  solutions  of  great  dilution  (1  :  25,000-1  :  50,000),  an 
intense  absorption -band,  which  encroaches  more  and  more  on  the 
ultra-violet,  as  the  strength  of  the  solution  increases.  In  a  solution  con- 
taining one  part  of  crystallised  haematin  hydrochloride  in  20,000  parts 
of  glacial  acetic  acid,  the  band  extends  between  h  and  M,  the  most 
intense  absorption  between  h  and  L.  The  less  refrangible  border  of  this 
baud  is  sharply  defined,  whilst  the  more  refrangible  border  is  less 
definite.  As  the  solution  is  diluted  the  band  becomes  narrower, 
through  less  and  less  of  the  ultra-violet  being  absorbed.  In  highly  dilute 
solutions  the  band  which  is  still  intense  absorbs  both  H  and  K.^ 

Tlie  acid  compounds  of  liaematin  exhibit,  therefore,  an  absorption- 
band,  wliich  is  exactly  on  the  boundary  of  the  ultra-violet  proper,  and 
which  extciuls  further  and  further  into  the  ultra-violet  as  the  con- 
centration of  the  solution  increases. 
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Fhj.  37. — The  ])hotograj)liic  siHJctriiin  of  lia-niin. 


ir.KMOCHUOMOGEX  (SYN.    "  KeDUCEI)    H.EMATIN  "). 

It  lias  ahvady  l)ccn  ex])laiiietl  that  Hoppe-Seyler  employed  the 
iiaiiic  iKiiiincliroiiiooen  to  dentjtc  the  very  remarkable  Ixxly  which  he 
was  llic  tirsl  lo  study  witl)  care,  and  whicli  resuUs  from  the  decomposi- 
tion (»f  iccIucimI  lia'inoglol)in,  in  the  alu^nirr  of  all  oji/gen,  by  acids,  and 
especially  l>y  alkalies,  and  of  which  the  solutions  present  al)sor])lion- 
haiids  ill  the  \  isihle  spectrum,  which  are  identical  with  those  of  the 
i-ednced  ha*iiiatiii  of  Stokes. 

Tlie  latter  name  had  been  a])plied  by  Stokes  lo  the  chemical 
substance  assiinie(l  to  be  the  cause  of  the  characteristic  absorption- 
sjiectia  which  aie  exliibite<l  hy  solntions  of  the  blood-colouring  matter, 
and  likewise  hy  ini]>ure  solutions  of  iKcniatin  when  snhjected  to  the 
action  of  rc»hicinu  au'cnts.  It  now  i-eniains  to  descrilu'  the  methods  of 
j)r(^l>arinL;'  solutions  of  haniochioniouen,  the  bod}'  itself  ;uid  its  ])ro])erties 
(so  I'ai'  as  these  ar<'  known  to  us),  its  combinations,  and  es]>ecially  to 
lefer  to  the  \iews  winch    Iloi)])(^-Seyl(M;  advance(l  and  held,  in  reference 
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to  tbe  relations  of  haBmochromagen  to  hnemoglobin,  ami  the  |wirtwlUNak 
ifepkjsm  relation  to  the  optical  inopf'rties  of.uinl  the  eliemical  afBnities 
for  gases  manifested  hj,  the  f^oinplex  luoleeiile  of  hamciglolHii. 

Mtthods  af  preparing  solutiofu  mniahmyj  hmmifchrommjai  h/  the  direct 
dicomjmition  of  hctmoghhin. — Withuut  refemng  to  a  ninre  L-mnplicated 
ADti  in  8<»me  respects  inure  satisfactory  niettuxl  of  (lecuuipoBing  iia-ino- 
^lobin  in  the  al>sence  of  oxygen/  the  following  very  simple  method, 
which,  like  the  first,  we  owe  to  Hoppe-Seyler,-  will  lie  descxibed. 

A  ftulution  of  uxy luemoglol>in  is  ]daced  itj  a  glass  tidje,  and  then  a 
smaller  glass  tube  coiitainiiig  a  solutinn  uf  sfKhum  ur  pntaKsiuin  hythato, 
or,  if  desiretl,  of  tJtrtarie  or  phnsfjhorie  arid,  is  inlKMlucrd  iiitu  the  Isirger 
tube,  the  open  ii^nd  of  which  is  then  drawn  uut  ami  Healed  in  the  blow- 
pipe flame.  The  apparatus  tliuB  prepared  is  then  sulijecteil  to  gentle 
beat,  taking  care  not  to  inchne  the  tuln^f^  so  as  to  cause  their  contents 
to  mix 

The  oxyhicmogL *hin  contained  in  tfte  larger,  nnter  t\ihe  first  hcminrs 

feduoed,  and  thereafter  the  oxygen  contained  in  the  air  of  the  tnhe  is 

rbed  by  the  lui  innglolniL     VVfien  many  days  have  elapseib  ami  the 

le  of  the  Inemogloljin  is  again  retluced,  the  tubes  are  inverted  ami 

their  eont^^nts  mixed,  when  the  fornuitiou  (if  lucmocliromogcn  may  be 

^'    .red    by   tlic  changes  in    colnur  and   in   tht^    Kpectrum,  winch   ttie 

iHg  matter  undergiM^s. 

Fhifi^ical  and  eh^mkal  properiuH.^ — Wlicn  actc*I  ii]M>n  by  (blute  snlu- 

ti'ins  of  the  caustic  alkalies,  luemocln"om<igen  gives  lisc  tu  a  bmntiful 

•  heiry-red    solntion,    which,    wlieu    suHiciriitly    dilntetl,    exhibits    two 

diiorption-Uxnds    apparently    identical    witfi    tliose   of    Stokes*   reduced 

bafmatin,  wliich  have  already  been  refeiTed  to. 

Tlie  visible  epectruui  of  solutions  of  hii'mocbromogcn  in  alkalim^ 
mlatiofis  is  distinguished  from  all  otfun-s  by  tbe  extraordinary  intensity 
iSlii  HhJirpness  of  the  abs<>rpt ion- band  nearest  to  IK  Tlu^  second  ah- 
florption-band,  which  is  very  nnuh  less  intense,  has  less  sharply-detincil 
boitleTB.  The  solution,  even  wlien  concentrated,  aimorlis  very  little  of 
the  red. 

The  following  are  measurements  uf  tin*  position  of  the  absorption- 
Imnds  in  the  ^nsible  speetruni  by  llLippe-Seyler  and  myself : — 

Gamgee'a  measurements "'  (1878)  A  567-rj47         A  5.12-518 

Hoppe-Sejler'fi  „  «  (1 88[>)  A  555-547         A  527-514 

My  study  of  the  pLotograjduc  spectrum  of  ba  niochromogcn  haJ5  led 
Ui  the  following  residtsr^-^SoIutions,  even  of  very  great  <lihition,  exhibit 
an  absorption-baud  between  A  and  //.  This  liaud  has  the  saiue  position 
afi  the  band  of  CO-ha^njoglolun,  lait  is  much  ujtuc  luteuse.  With  one 
part  of  luemochromogeu  in  115,000  parts  of  water,  a  stratuiu  10  uiui,  thick 
being  exam ineil,  an  intense  ahsorption-liaud  occupies  the  region  between 
'^.4100  and  a4300.  From  the  exannnation  of  sohi  tictns  of  varii  lus  strengths 
it  results  that  the  mean  ray  absorbed  corresptuuls  to  about  \  4200, 

By  heating  to  110°  C.  a  solution  of  haanoehromogen  mixed  with 
a  sufticiently  concentrated  solutio!i  of  sodium  hydrati*,  lucmochromogen 

'  Hoppe-Seyler,    Med.-ehem,    UnUrsvch.j    liorlm,    8.   540    and    541  ;    ainl    Uanigcc'a 
" PhyttoIogicAl  Cheiniiitry/' vol.  L  pp.  1  IS  and  iry. 
*"PlijtioK  Chcro.,"  1878,  S.  390. 
*" Physiological  Cbemistry,"  18S0,  vol  i.  p.  IIL 
*Ztsckr./.  phynof.  Uk^m.,  Btraaslmrg,  l«8Ji,  Bd,  xiii.  8.  496. 
^Gwjig«e,  P'roc.  Roy.  Soc.  Londmi^  18I><j,  vol.  lix.  p.  27*>. 
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separates  as  a  violet-grey  powdery  precipitate,  which  dissolves  again  in 
the  liquid  from  which  it  had  separated,  as  soon  as  this  cools.  It  is  quite 
erroneous  to  state,  as  is  asserted  in  all  text-books,^  that  Hoppe-Seyler 
succeeded  in  separating  haemochromogen  in  a  crystalline  condition.  He 
only  succeeded  {cut  most)  in  obtaining  crystals  of  the  CO-compound, 
and  concluxled  that  hiemochromogen  itself  must  be  a  crystalline  body,  but 
he  never  even  asserted  that  he  had  actually  obtained  the  crystals,  and  a 
promise  made  in  1889  ^  to  describe  the  assumed  crystalline  haemo 
chromogen,  tliough  implying  that  he  had  ah'eady  obtained  the  body  in 
this  condition,  was  never  fulfilled.  Moreover,  in  the  last  systematic 
account  of  hiemochromogen  which  he  published  in  1893,  Hoppe-Seyler  ^ 
does  not  refer  to  its  being  crystalline,  but,  on  the  contrary,  speaks  of  it 
(as  he  hud  done  in  1889)  as  separating  in  the  form  of  a  violet-grey 
powdery  precipitate. 

G  H  K     L      M      N  0 


Fn;.  oS.   The  pholograpliic  sjiectriim  of  oxN'^'cnizetl  liiHiiiocliroiiiof^en  ami  of 
li;i'inoclii(iiiK.K'cii. 


Acids,  even  when  very  dilute,  lead  in  the  first  instance  to  the  forma- 
tif>n  (►)'  lijiinochroniogen  from  rechieed  luemogloljin,  in  the  absence  of 
oxyt^'eii  ;  they,  however,  d(?eoiiipose  a  part  (»f  the  luemoehroniogen  with 
greul  r;i])idity,  renuning  its  iron  and  giving  rise  to  ha'niatoporphyrin. 
This  ex])lains,jie(0](ling  to  Jiiderholni,"*  the  e(^niplex  (four-banded) nature 
of  tlie  s]»eetiuni  of  hjenioeln'onioj^en,  as  at  iirst  described  by  Ho])pe- 
Seyler,'^  when  picpared  by  the  action  of  aeids  on  ha^nioglobin. 

'  II.inimar.st<'ii,  "  r.clirbiicli  d.  phys.  Cliern.,"  Driltc  Aullage,  1895,  S.  122;  Neiinieist»'r, 
"Lclnl.u.li  .In-  j.hysiol.  Ch.-m..  etc','*  l.^^'*,  Bd.  ii.  S.  If.l  ;  Halliburton,  '^  A  Text-Hook 
of  Pliys.  Clirini^try,"  l>*.n,  ]».  '290:  Shcii.laii  Lea,  "The  ("iKMuical  liasis  of  the  Animal 
lio«ly."'  Api't-ndix  to  Foster's  *' riiysioloLry,"  18ie_\  j,.  -j;'/^, 

■-' lIo|.}„--Scyirr.    '/Jsr},r.  f.  plnfs],,} .  cfn'm..  St rassl.in;!:,  1  >M',   I'.d.  xiii.  S.  -19.',. 

3  llu|.|..-  S.  ylt  r  utid  Tliierfeldrr,  *'  Ilandltuch  d.  pliys.  u.  path.  (.'hem.  Analyst'," 
lU'i'lin,  1>1»-',  S.  21  I.  2ir>  ( ■' lliimorhromo;^'*!!  "). 

•*  SiM'  Ahstra.-t  l.y  Hanimaistcn  in  .hihr-s}>.  t/.  ,1.  F>>r(^rh r.  <L  I'Ji ur-i'Jinn.,  Wieshadm, 
1871.  lid.  iv.  S.  1«>2. 

■'  M-iK-rh'in.   J'lihrst'ch.,   P»cilin.  S.  .'.42.      In   his  later  (hscri|.ti(»Jis  of  the   .spectrum  of 

■x.\A    w,.liit;..ii<   i.r  1i  ..|iu..-lii-.,in<.(rcTi    Tu.   TiU'iifii.Ti    i.  Ill  ..]..   ,A    f.>nr   l.-.twU- 
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TiVTieii  subjected  to  the  action  nf  such  reducing  agents  as  tin  and 
hydrochloric  acid,  ha'moeliromogeii  gives  rise  to  coloured  prvKluctfl,  wliich 
»ie  obviously  nearly  related  to,  thoiigli  not  identic4il  with,  auch  bodies  as 
the  so-called  urobilins. 

It  was  stated  that  when  blood  saturated  with  CO,  or  a  eoiicentmted 

solution  of  CO-hicmoglubin,  is  treated  witli  a  concentratetl  solution  of 

swiiimi  hydrate,  a  bright  red  precipitate  setJiiratcs.     Jiiderhuliu  stated 

tJist  this  precipitate  consisted  of  a  eoiupouud  of  CO  with  lut;niatin,  and 

mnUl  be  prepired  directly  by  the  action  of  the  gas  \m  a  stdution  nf 

re<luced    hienmtin ;    he   further   asserted    that  the    visible    alisorption- 

spectrmn  of  the  CO-htematin  closely  reseml^cil  tliat  of  CU-liamiogloliiu, 

the  bands  occupying  the  same  position  ;  though  he  rlescnbed  them  as 

being  l688  intense  in  the  hreniatin  compound,  and  as  differing  from  the 

tX>-hiEmoglobin   compounci   in    the  fact  that  the  two   bantls  a   and  3 

exhibit  equal  intensities. 

By  causing  an  alkaline  hydrate  to  act  upon  CO-hu'iuuglobin  in  the 
absence  of  oxygen  (methud  with  dnutile  tubes  j»reviously  describeVI),  and 
heating  to  100*'  C,  Hoppe-Seyler  separated  the  body  which  Jader- 
Um  had  described  as  CO-lnematin,  but  which  a])pears  really  to  be 
■Mifieiaochromogen.  Like  hicmochroniogen  itself,  its  CO-eom pound, 
ifach  has  been  deposited  at  100"  C,  dissolves  again  when 
tJie  liquid  from  which  it  sepanites  cooK  The  CO-enmpound  of 
li*mochniraogen  is  described  by  Hoppe-Seyler  as  a  crystalline  bod}', 
though  n<jne  of  its  pliysical  charactei^  have  l)cen  sul>jectcd  to  even  a 
suj>erficial  exanimatinn.  The  visitde  Hpeetruiu  of  its  solutinn  is,  acconl- 
jffi  to  Hoppe-Seyler,  absolutely  uiKhstiMguishable  from  lluit  uf  CO- 
■POOglobiiu 

The  nioet  interesting  and  weighty  observation  nunle  by  Hop})e- 
Yyler  on  this  subject  was,  however,  that  concerning  the  vobnne  of  CO 
'Vhieh  cnuibines  with  hamKxduoniogen  to  form  its  (^'0-coiubiiiution.  He 
if»imd  that  the  same  volume  of  CO  condjines  with  ha*ni(M'hr<tniogen  as 
wooM  he  refiuired  to  convert  an  erpiivalent  weight  nf  reduced  bicmo- 
gbbiB  into  the  CO-compound,  This  unquestionaldy  interesting  ob- 
servation, taken  in  connection  with  the  fact  that  crystals  ftniii  under 
c^ain  circuuistancas  in  solutions  which  cotit^iin  CO-banuKduoniogen 
(there  is  no  absolute  proof  that  the  crystals  represent  this  su3>stancc), 
led  Hoppe-Seyler  to  form  certain  liyijutheses  nf  extraordinary  lioldness, 
for  w*hich  the  exjx^rimental  liases  are  as  yet  altogether  wanting,  Init 
which  have  Vieen  accepted  with  misplaced  conhdence;  these  hypotheses 
be  k»oked  upon  as  legitimate  conclusions  from  his  own  experiments,  and 
formulated  as  follows  :— 

"We  are  justified  in  concluding  that  in  ciystalliscd  CO-liicmoglobin, 
as  well  as  in  the  colom-ing  matter  nf  the  blnotl  ct>rpusc]cs,  theie  is 
present  a  particular  group  of  atoms  %vliirh  conlbine^«  witli  and  retains 
carbonic  oxide,  which  is  characterised  by  the  siiecial  manner  in  wliich  it 
absorbs  light,  and  which,  after  separation  from  the  all>\nninnu8  residues, 
paaa^  unchanged  into  CO-ha^mocbromngcn. 

"Without  possibility  of  doubt,  this  gnni])  o[  atoms  is  identical  with 
the  one  whicli,  in  the  arterial  blood-cnlfiuring  matter,^  and  in  crvstalliseil 
oxyhaemoglobin,  holds  two  atoms  of  oxygen  in  combimition,  in  the  place 
of  a  molecixle  of  CO. 

**The  oxyhtemoglobins,  the  bccmoglobins,  and  the  CO-lucmoglnliins,  as 

'  Refe^tIlc^J  is  litre  made  to  tliii  liy[kOtltetiail  "ttrteriu/' 
VOL.  I.— 17 
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well  as  the  colouring  matters  of  the  red-blood  corpuscles,  all  contain 
haeiiiocbroinogen,  and  this  body  can  be  ol)tained  from  them  all  by  a 
process  of  simple  decomposition,  even  in  the  crystalline  condition,  and 
almost  in  theoretical  proportions."  ^ 

In  other  words,  Hoppe-Seyler  announced  that,  from  his  experiments 
it  might  be  concluded  that  hfemochromogen  represented  an  iron-con- 
taining coloured  radical,  which,  by  linking  itself  to  an  albuminous  residue 
or  albuminous  residues,  forms  hiemoglobin,  and  that  ha*mochromogen  in 
the  latter  l)ody  combining  with  a  molecule  of  oxygen  forms  oxyha^mo- 
glol)in ;  with  a  molecule  of  carbonic  oxide,  carbonic-oxide  hiemoglobin, 
etc. — these  substances  containing  oxyhiemochromogen  and  CO-httmo- 
chromogen  respectively. 

Not  only  arc  the  facts  wanting  w^hich  would  be  needed  in  order  to 
])rove  this  hyi)othesis,  but  there  are  many  others  which  appear  to  me 
to  indicate  that  whilst,  vhen  onm  formed,  haanochromogen,  as  indeed 
hicniatin,  includes  the  specific  atomic  group  upon  which  the  character- 
istic o])tical  and  pliysico-physiological  properties  of  the  blood-colouring 
niattei"  depend,  ]>robably  htemochromogen  does  not  exist  preformed  in 
hemoglobin  and  its  compounds.  I  trust  shortly  to  throw  more  light 
on  this  (juestion. 

Li  Mossier  -  described  compounds  of  lia»matin  and  reduced  haematin  with 
nitric  oxidi^  as  well  as  with  carbonic  oxide.  Oil  repeating  his  experiments, 
1  convinced  myself  that  (as  had  been  shown  by  Jiiderholm  and  by  Hoppe- 
Seyler  in  the  vA^i^  of  CO)  NO  exerts  no  action  on  ha^matin,  but  appears  to  form 
a  compound  witji  lia»niochromogen,  which  is  possessed,  as  Linossier  describes, 
(»f  a  tine  red  colonr,  and  exhibits  two  absorption-bands  between  D  and  E, 
similar  to  those  of  oxyluTUioglobin.  This  XO-hiemochromogen  awaits  a  careful 
examination. 

no|)[>e-Sey]«'r  has  si)eculated  in  reference  to  the  condition  in  which  the 
iron  exists  in  hicmocliromogen  and  hfcmatin  respectively,  and  has  emitted  the 
opinion  that  the  iron  in  luemochromogen  is  present  in  a  ferrous  and  in  hsBmatin 
in  a  ferric  condition,  ])ut  the  grounds  for  an  opinion  do  not  actually  exist.' 

H.KMATOI'OIJI'IIYHIN. 

Mrfluxls  (if  juuparatioiL — When  cither  hicniatin  or  htemin  is 
tlioiouulily  mixed  with  concentrated  sulphuric  acid,  it  dissolves,  and 
l»y  liltcriiin  throuL,di  asbestos  a  clear  and  be^iutiful  [)urple-red  solution 
is  obtained.  W'luni  this  solution  is  poured  into  a  large  quantity  of 
watei",  tlic  urcater  ])art  of  the  dissolved  cohniring  matter  is  precipitated 
in  tlic  fni  HI  of  a  brown  tlocculent  })recipitat(%  the  quantity  of  which 
increases  if  alkalies  be  added  so  as  to  neutralise  the  acid.  This  colour- 
inu  iiiattci-  is  impure  liiemato])orphyrin.  in  this  operation  the  acid 
sepai'jites  the  \vhol(»  of  the  iron  from  the  biematin,  and  it  is  found  in 
solution  in  the  state  of  a  frrnw.^  salt.  In  the  process  of  decomposition 
of  liiiniatin  by  suljdiuric  acid  tlunc  is  no  evolution  of  hydrogen  gas. 

l*'i<>m  liainatiu  and  ha-min  ha*mat(>]>oi])liyrin  can  also  1)C  obtained — 
(I)   by   tlic  action    of  stiNniu    11(1    in    sealed    tubes   heated    to    I'M)     ('. 

'  lloi.p.-Sryl.  r,  Xf,-^rJu:  f\  i>liiisi(,L  <'},,  m.,  Slrassluiiir,   VA.  xiii.  S.  41*2  and  4!K3. 
-  "Sui-  uiK'  luiiiliiiiui^Mii   i|,>   riu'iiiatiiM'  avcc   Ic  Moxydf  (r.i/utc"  f't>iitj)t.  rend.  Acal.  iK 
>r. .  r.ii  i-^.  iMUif  civ.  ]i.  1  •_".'•;, 

^  Ftu    tlif  (lis.  u>siuii  (.r  tin- <nirstioii,  ser   lI(')>iM>.S.ylfr,  Mrd.-rlnm.   L^iifosuch.,  Bi'iliii, 
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iHoppe-Sejler);  (2)  hy  the  action  of  acetk  acid  eiitmiited  witli  HBr, 
iiidfii  by  heat  (Neneki  aod  Sieber). 

HteiiKxhromngeii  i.s,  iti  the  absence  of  rKxygeii,  ct>n verted  even  hy  the 
weakeftt  acids  into  liainatoporjibyrin,  the  iron  being  foinid  in  the 
Boluti<in  as  the  ferrous  .salt  of  the  ucid  employed.  Althuiigli  occurring 
ffitire  slowly,  the  deconi|Kisitioii  of  CO-hiemochromogeii  Ijy  acids  alsu 
jielils  ha^uia tuiKJFpl ly riu. 

According  to  Hoppe-Seyler,  the  conii>osition  of  luematoporpliyrin  is 
represent-ed  by  t!ie  f<n inula  L'^H.^-N^O,,. 

Aceording  to  Neneki  and  Sieber,  who  Itavc  niiifle  the  nuiKt  rnui[dete 
investigation  ni  tliiH  ImkIv,  it  \m^  the  cnjnpnsitinn  C|,.H,^N^t).,  and  lliey 
eiLplain  its  origin  fnaa  hieniatin  ]>y  the  follnvvitig  eqoatinn,  in  winch 
they  adop>t  their  own  a.s  distinguished  frnm  Iltippe-Seyler^s  fornnila  for 
iMtmatin — 

C,,H^N,FeO,+3H,0  =  2{C,,H,,NJ  >,+Fe} 
(hflEmatin) 

According  to  Neneki  and  Sielier,  baia!it«t|><aphyrin  is  isonicrii'  with 
bilirubin. 

G    h  H  K    L    M        X     0 


Fir.  39. — The  [ihotogrnphk  sjKMtrum  cM  liii'iiiu>toiior]ih} liii. 

Phtfsical  and  chemwal  ^//\Jylf^r^^V5.— 'H;<'UiaL<iiMiriibyiiii  bams  licauti- 
ful  crystalline  compounds  with  Na  and  witli  IK 'L 

It  is  insoluble  in  pure  di.stilleil  water,  slightly  sohdtli^  in  cbliitc  in  ids, 
more  soluble  in  Btrong  acids,  and  readily  s<dn]de  in  alkaline  ^idnllnns, 
weak  and  Btrong.     It  m  also  readily  wnlnlih'  in  acid  and  alkaline  alctibnb 

Solutions  of  ha^matoporpbyrin  in  acidulated  alcoliol  have  si  lieautifid 
jmrple  colour,  and  assume  a  hbuKh  vir>let  tint  when  the  solutimi  is  made 
very  strongly  acid.  Alkaline  .soluLiuns  are  of  a  tine  red,  lait  in  tlie 
presence  of  a  great  excess  of  alkali  exljibit  a  violet  titrt.  Solutinns  of 
Wuiatoporphyrin,  even  if  extraordinarily  dilute,  exhibit  a  magnilieent 
reti  tluoreseeuce,  which  strangely  enough  is  not  referied  in  in  text-lxjoks, 
though  it  fieems  to  me  to  be  their  most  remarkable  (  bararteri.stie. 

An  alcoholic   solution  of   lueniato[)nri>hyrin,  acidnlutetl  with  hydro- 
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chloric  or  sulphuric  acids,  exhibits  in  the  visible  spectrum  two  absorption- 
bands,  of  whicli  one,  which  is  the  narrower  and  the  weaker,  is  situated 
between  C  and  D  and  immediately  adjoins  D.  The  second,  which  is 
much  more  intense,  more  sharply  defined  and  l)roader,  lies  nearly  mid- 
way between  D  and  E ;  but  nearer  the  former  than  the  latter. 

Alkaline  solutions  exhibit  in  the  visible  spectrum  four  absorption- 
bands,  to  wit,  a  weak  band  midway  between  C  and  D,  an  equally 
weak  l)and  between  D  and  E,  but  nearer  to  the  former,  a  more  strongly 
marked  band  nearer  to  E,  and  lastly  a  fourth  band,  darkest  of  all,  which 
occupies  four-fifths  of  the  interval  between  B  and  F. 

The  spectra  of  acid  and  alkaline  ha^matoporphyrin  are  exhibited  in 
Fig.  57. 

A  study  of  the  photographic  spectrum  of  hiematoporphyrin  hjis 
given  nie  the  following  results :  ^ — Acid  solutions  of  haniatoporphyrin, 
so  dilute  as  to  appear  colourless  (though  presenting,  if  examined  in  a 
dark  room  by  means  of  a  beam  of  sunlight  reflected  from  the  miiTor  of 
the  heliostat,  the  marked  red  fluorescence  previously  referred  to),  exhibit 
an  intense  al)sorption-band  between  h  and  H.  If  the  solution  be 
slightly  more  concentrated,  K  is  absorbed,  and  with  increasing  con- 
centration of  the  solution  the  absorption  of  the  ultra-violet  extends 
more  and  more. 

Alkaline  solutions  of  ha?matoporphyrin  absorb  the  same  spectral 
region,  but  the  intensity  of  the  absorption  is  greater. 

Haematoporphyrin,  as  MacMunu  ban  shown,  occurs  as  a  colouring  matter 
in  the  iiitogumeiit  of  some  invertebrates  and  in  the  egg-shells  of  certaui 
birds.2  In  small  quantities  it  occurs  in  the  normal  urine  (Arch.  Garrod), 
and  in  larger  quantities  in  certain  toxic  conditions,  especially  in  one  of  the 
forms  of  chronic  sulphonal  poisoning. 

H.^':matoidin. 

Tliis  name  was  applied  by  Virchow  to  a  substance  which  occurs  in 
the  form  of  orange-eoloured  microscopic  crystals  (rhombic  plates)  in  old 
extravasations  of  blood,  as  in  apoplectic  clots,  and  which  is  certainly  de- 
lived  from  ha'nioglobin.  These  ciystals  are,  according  to  most  observers, 
identical  in  form  with  those  of  l)ilirubin,  and  when  treated  with  fuming 
nitric  aci<l  e.\hil)it  the  same  colour  reaction  (Gmelin's  reaction). 
Hii  luatoidiii,  like  bilirubin,  exhibits  no  definite  absorption-band  in  its 
sjM'clriiin,  ]»ut  elleets  a  general  absorption  of  the  ultra-violet,  violet,  and 
blue  rays  of  the  s])e('trum.  Opinions  were  long  divided  on  the  ([uestion 
of  the  identity  or  non-identity  of  ha^inatoidin  and  bilirubin,  but  they 
are  imw  uenerallv  regarded  as  identical. 


Certain  oIIkt  >iil)staiices  (of  whicli  the  chcniical  history  is  very  impcrfoct), 
wliicli  can  l»c  directly  <»l»taine<l  by  the  action  (tf  rea;^^ents  un  the  blood-colour- 
ing: matter,  and  certain  pii^nnents  occiirrin.i,^  in  the  nr<;anism,  and  whi(di,  on 
j^^rounds  more  oi-  le>s  sntisfactory,  have  l)een  held  to  lie  derived  from  it  like- 
wise, will  he  «onsidere(I  in  the  account  of  the  chendstry  of  the  urine  as  well 
as  in  tliat  of  tin-  cliendcal  })roces>es  occurriuLT  within  the  alimentary  canal. 

'  Vroc.  lln,j.  Sor   Lotclnii,  ISO*;,  vol.  lix.  i>.  'I'^.K 

-■  Mac.Miiiiii.  Juurn.  J'/njslo/.,  Cambridge  and  London,  1885,  vol.  vii.  p.  240;  vol. 
viii    i»    .'is4. 


A  GENERAL  ACCOUNT  OF  THE  PROCESSES  OF 
DIFFUSION,  OSMOSIS,  AND  FILTRATION, 

By  E.  Waymouth  Eeid. 
Contents  :  -Diffusion,  p.  261  —  Otjmoais,  p.  264— Filtmtion,  p.  280. 

Diffusion. 

By  euiTent  hypothesis  tht^  muletules  of  a  hquiil  are  eouaidered  to  be  iu 
constant  motion,  so  that  if  two  liquids,  itii,scible  witlunit  chemical  inter- 
action, are  placed  in  contact,  a  mutnal  intcrpenctration,  \vitht>nt  the 
action  of  any  external  force,  t^ikea  place;  ur,  in  other  wordn,  a  tlitliision 
of  the  molecules  of  one  among  th<mc  of  the  (ttlier.  and  rice  rcrs^},  occuia, 
the  pr^x^ess  tending  to  continue  nntil  in  the  linal  ntute  a  Inanogeneous 
mixture  of  the  two  exists.  In  }d)ysi(d<tgical  piohleniw  we  deal  \v'ith  tlie 
(Ufl^osioo  of  8ul>stances  in  ddute  aqueons  Rolntinn,  and  it  must  at  once 
he  not€d  that  the  condition  of  the  molecules  of  a  snhstance  in  dilute 
aqiieoun  solution  is  probably  difiercnt  in  the  casi^  of  diflercot  substances, 
and  by  no  means  necessarily  the  same  as  that  of  the  uuthssolved 
tabfitance;  that,  in  fact,  the  stdvent  and  dissolved  substance  in  many 
esses  interact,  witli  a  resultant  alteration  of  ]ihysicu-cliemical  ] pro- 
perties. 

In  the  case  of  snbstanecB  acting  as  clectrtdytes  in  aqueous  snhition, 
it  is  believed  that  dissociation  iido  tlui^  inns  takes  place  to  a  greater  or 
less  extent  of  tlie  total  num1>er  of  nmbx-ules,  according  {a  tlie  degree  of 
dilution.^  There  will  thus  \m  at  lower  degrees  of  ibhitinu  n  mixture  of 
molecules,  (ictivt  as  regards  electrolytic  conduction  and  cliemi<"al  action, 
and  inaetire  molecules,  the  latter  tending  to  1  become  active  by  ionic 
diss4X"iation  as  dilution  is  increased,  wo  tluit  at  iufiuile  dilntitin  oidy 
active  njulecnles  exist  In  the  sohitiiui.  7%<  corj/frintt  of  miinfi/  will  be 
the  number  ex]pressing  the  ratin  of  active  ninU^euIes  to  the  tntal  nf 
active  plus  inactive,  and  is  unity  at  intiuite  dilutinn.  The  clci  trical 
conductivity  of  a  solutitm  of  an  electrolyte  is  dependent  on  the  veloeity 
of  migration  of  its  ions,^  so  tliat  the  ratio  of  the  mohrtilnr  vojuluctinty"'' 
of  a  .solution  of  an  electrolyte  at  given  dihition,  t<i  tlic  limiting  value 

*  Arrhemua,  Bijhang.  (ill  k.  St'ens.  Vrf-.-Akuti,,  Stoc.'khnlm,  ISSl,  Ut].  viii.,  Xuh, 
13 and  U;  ZUchr.f.  pfujstkaL  Vhtm,,  U'\\mg,  1887,  Bd.  i.  S,  tv;il. 

*  Koblmttscli,  Ann,  d.  Phyat.  u.  Chtm,,  U\u/.vf,  1^79,  Brl.  vi.  .S.  1,  Mf* ;  18sr*,  IM.  xxvL 

'The  molecukr  conductivitj  is  tlic  rati«>  of  i\m  eoinln- tivity  to  tbo  mulro  nl.ir  coiroii- 
tntion  of  tho  solution,  tbp  latter  bpin^  tlic  rritio  of  gramriiOH  ptr  WXxv  ta  tb^-  nioU^nilni 
«"«"igbt  in  grammes. 


262  DIFFUSION,  OSMOSIS,  AND  FILTRATION 

which  this  ai)proaches  on  increasing  dilution,  is  a  measure  of  the 
coefficient  of  activity  of  the  solution.  According  to  this  view,  then,  a 
very  dilute  solution  of  sodium  chloride  consists  of  positively -charged 
sodium  and  negatively-charged  chlorine  ions  moving  amongst  the  water 
molecules,  but  unable  to  part  company  by  virtue  of  their  charges  of 
opposite  sign,  and  only  separable  by  the  application  of  energy  from 
without  (electrolysis).  Other  substances  which  do  not  conduct  elec- 
tricity in  aqueous  solution  are  believed  to  be  in  a  simpler  state  of 
solution,  the  molecules  moving  among  those  of  the  solvent  not  being 
known  to  Ijc  in  a  different  condition  to  those  of  the  undissolved  sul)- 
stanee,  Ijut  simply  capable  of  freer  motion. 

It  is  further  probable  that  in  the  case  of  certain  non-electrolytes  in 
solution,  instead  of  single  molecules  we  deal  wdth  aggregates  of  mole- 
cules, and  such  substances  are  said  to  be  in  colloidal  solution  (xoX/.a, 
glue).  As  instances  of  organic  substances  the  a([ueous  solutions  of 
which  are  colloidal,  may  be  mentioned  albumin,  gum-arabic,  starch, 
lucmoglobin.^ 

It  must  at  once  appear  likely  that  the  ease  with  w^hich  the 
"molecules"  of  different  substances  can  move  among  those  of  the 
solvent  in  a  solution  is  different  in  the  case  of  different  substances,  i.e. 
that  the  power  of  diffus>ihility  nmst  be  very  variable. 

Graham  ^  gives  the  following  table  : — 

Eijual  iroitjlds  had  diffused  to  the  same  extent  in  the  folio  (timj  times: — 


Ilydrnchlorie  acid        .      1 
Sodium  chloride  .     2 '33 

Cano-su<Mr  .  .     7 


Magnesium  sulphate  .  7 
Albumin  .  .  .49 
Caramel       .         .         .98 


Sul)Sta]i(es  in  solution  tend  to  diffuse  from  places  of  higher  to  those 
of  lower  concentration,  and  in  the  law  of  Fick^  it  is  stated  that  the 
quantity  of  dissolved  substance  so  diffusing  is  proportional  to  the  rate 
of  fall  in  concentration. 

Tlius,  if  n  is  tlie  ([uantity  of  substance  ])assing  section  qoi  a  diffusion 
cylindei'  in  tinu'  :,  when  at  x  the  concentration  in  the  section  is  r,  and  at 
,/•  +  dr  is  c  +  dr  ;    tlieu  — 

,lc 

where  /    is  a   c()nstant   ])eculiar   to   the   sul)stance  and   known   as   the 

cotj}iciin.t  (if  dij/)'Sio/i. 

Vunn  llu^  law  of  Fick,  Stefan^  calculated  ior  a  special  case  the 
folluwinii  f(.»rniula : — 


/E 


^  Vu\nu  aii.l  Liii.l.r  (J.nirn.  ChiVm.  SW.,  London,  IsO'J,  vol.  Ixi.  j>.  148:  1^95,  vol. 
Ixvii.  p.  »■,:',  liiivc  |'n'|i,irr(l  solutir»n.s  of  arscnions  sulphide  of  various  '•  <^Madfs."  Thus  one 
may  ha\f  '«)  ai:'_'i  •L.Mtis  visihlr  by  niicroscopc  ;  (.5)  no  visilth-  a^'t;r»';;ato.s,  hut  the  suhstan^e 
not  clitluMl.h' :  .7  til.'  suhstaiirc  dill'ii.-ihh'  hut  not  tiltrrahlr  ;  [1}  the  suhstaiu-e  h.-th 
.lilfuvihh"  ,iih1  lihriahlr.  hut  the  a.L,^u'ir;,Mtos  .still  lai"-.-  cnou^'h  to  s.-atter  li'^ht.  Tht-y 
(•<»n>i<hr  that  in  matt-r  in  solution  <uic  can  j>ass  hy  grades  fioni  ol)vious  su^juMision,  to 
(•oll"i.l.il    ^(.lutinii.    to   iionclrctrolvtic   crvstallisnl  sdlution.   and   so  to  the   first   irradc   ot 
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where  a  is  the  amount  of  siilistanoe;  paHsing  in  time  z^  through  section  q^ 
(fom  an  inHjiitely  hjiig  eyhnder  of  aokitioii  of  conrentmtiou  r,  into 
tnother  such  cyhnder  of  pure  solvent. 

This  formula  was  expt-rimrntally  ViM*itietl  by  Voi^^^tlanth-T  ^  witli 
nbiiders  of  agar  jelly,  in  whirh  iliM'usion  occurs  as  easily  as  in  wateiV-* 
He  further  investigated  the  tem]>erature  eoeHieient  (a)  for  /;  anil  found 
that  it  is  not  a  linear  function  of  the  temperature,  as  stated  by  Weber,^ 
but  stands  in  the  following  relation  ^ : — 

a;  =  a;(i  +  «o- 

In  the  CJise  of  an  electrolyte  in  solution,  the  difl'usion  must  be  con- 
iiiJereii  as  that  of  the  ions  intn  \vhi(  h  it  is  tlissociated  on  pai^siiig  into 
solatiun.  The  velocity  of  the  separated  ions  may  be  very  di  tie  rent,  but 
since  in  siilution  by  virtue  of  their  opposite  charges  tliey  cannot  part, 
the  moi-e  rapidly  moving  ion  must  be  retarded  by  the  more  slowly 
moving,  and  the  more  slowly  moving  acceleratetl  by  its  more  active 
fellow.  The  ditlnsion  of  an  electrolyte  nisiy  also  be  aeeeleiated  by 
the  presence  in  tlie  liquid  into  which  it  is  dill'using,  of  ions  cluirged 
cippasitely  to  those  forming  the  more  active  jtartner  in  the  tliOasiug 
substance.  Thus  hydrochloric  acid  dilliises  fjister  into  a  solution  of 
soilium  chloride  than  into  water.*  As  a  rule,  those  electrolytes  wliich 
are  the  best  conductors,  are  the  most  dillusiblc  in  snlutinu/^  The  pre- 
senee  of  a  substance  tliat  is  not  an  electrolyte  iu  tbc  lluid  into  which 
diffusion  is  taking  place  may  slow  the  ditVusinn  <>f  au  electrolyte. 
Thus  s«Kliuni  chloride  ditiVises  more  slowly  into  sugar  solution  tban 
into  water,  ant!  the  presence  rtf  etliyl  aleohnl  also  retards  its  ditrusionJ 
la  the  ease  of  non-e!eetrolytes  in  solution,  diflusion  must  concern  the 
""  inoleenles  "  of  the  dissolve<l  substance,  and  the  "  aggrcgjites  "  of  c<»lh>ids 
will  find  their  way  with  greater  ditliculty  than  th*^  "uinlecules"  of 
crystalloids. 

No  definite  rule  can  be  stated  as  rcgaids  the  c^fU^et  fjf  eniicciitration 
uf  the  solution  upon  the  rapidity  of  diirnsion  of  tin*  dissolved  substance. 
With  sodinm  chloride  the  coethcieut  of  ditl'usion  is  practically  unaltered 
i»y  change  in  concentration  of  tlie  snlutiou.  In  the  casi*  of  uiagucsiuui 
stilpbate  the  coetTieient  falls  with  tbe  couceiitiiitiou  of  Si)lut]«ai,  while 
with  hydi'ochlHric,  nitric,  anil  Hidptinric  acids  the  crtclhcient  lises  with 
toe  conce n  t  ra 1 1  on. "* 

The  simultaneous  ditlusion  of  tw*o  salts,  studietl  tirst  by  Uraham,  has 
been  since  more  completely  investigated  by  Maiignac."  Iu  general  the 
rapidity  of  ditfusiou  of  the  najre  diiruHible  of  a.  p.^iir  of  salts  did'using 
siiuultaneously  is  found  ^^^  be  iTurcascd,  that  of  the  less  ditlusible 
diminished. 

In  tlie  following  table  the  difVasions  of  five  pairs  of  salts,  separately 
and  simultaneously,  are  contrasted. 

^  Ztschr, /,  phijitik^L  Ulitm,,  T^ijizig,  ISSH.  B<1.  iii,  S.  :n«, 
'GnJiani,  Ann,  d.  Chem.,  Leipzig,  18(>2,  B^L  ixxt.  S,  5,  2D. 
^  Ann.  d.  rhi/i*.  u.  Chtm.,  Leipzig,  1879^  Bd.  vii.  S.  r>:Ul. 

*  For  the  valiiea  of  «,  which  vury  slij^hily  with  aitt'c'itiit  siibstiitiL-cs,  sen  Voij^tkLTider's 
original  t>ii|icr,  toe.  cit. 

*  Airhiiniii*,  Zisrhr,  J\  phyjtikai.  Chem.,  Uij.Kim',  1892,  IM.  x.  S.  fiL 

*  Long,  Ann,  d.  Phyn.  w.  Vhem,,  Lfiij»xifr,  ISi^O,  B4.  ix,  S.  61*1  :  Leiiz,  Mun.  Aaui,  imp. 
dr  *f.  d^  Si.  Peterxbourtjf  1882,  tomo  vit.  j^.  SQ. 

*  Arrhenius^  ioc,  cit. 

•Sohcifer,  Ztschr,/,  pfajiikaL  Cfiem,,  Lf'ipi^s  1888,  Bil.  ii.  S.  fV.KJ. 
*^iiii.  d€  chim.^  ?&m,  1874,  S^^r.  5,  tumo  ii.  p.  51C. 


264 


DIFFUSION,  OSMOSIS,  AND  FILTRATION, 


r  is  the  ratio  of  the  diflfusion  coefficients  of  the  two  salts,  witl 
separate  diffusions. 

r  is  the  ratio  with  simultaneous  dijffusions. 

R,  the  ratio  of  the  amounts  diffused  of  the  same  salt  in  separate 
and  in  simultaneous  diff'usion,  i.e.  the  alteration  of  the  coefficient  o 
difi'usion  produced  by  the  presence  of  the  other  salt. 


/KCl  . 
t  HaCl..  . 
/NaCf  . 
i  HaCl.,  . 
/KoSO,. 
IMgSO, 
/Na,.SO, 
IMgSO, 


Separate. 


•5833 
•3770 
•8560 
•8433 
•7142 
•5673 
•4745 
•20-28 
•3757 
•2097 


Simultaneous. ' 


•6054 
•2497 
•9276 
•4424 

•7883 
•5225 
•4378 
•1684 
•3420 
•1823 


•590 


•572 
•757 


•382 


•523 


r'. 

r' :  r. 

•352 

•596 

•401 

•701 

•668 

•882 

•345 

•903 

•502 

•960 

1038 
•662 

1-083 
.    -814 

1-019 
•921 
•901 
-830 
-910 
-869 


As  a  rule,  as  seen  in  B,  the  more  diffusible  salt  is  accelerated,  th( 
less  difl'usiljle  delayed.  In  the  two  last  pairs  both  members  are  delayed 
but  the  less  diffusible  more  markedly. 

Ill  the  l)ody  it  is  rare  to  find  the  conditions  present  for  a  fre( 
diffusion  between  the  constituents  of  two  solutions ;  a  membrane 
whether  coini)osed  of  cells  or  the  surface  layer  of  the  protoplasm  o 
a  cell,  as  a  rule  intervenes,  and  obviously  the  permeability  of  the 
meinlnane  affects  the  result.  If  pig's  bladder  separates  methyl  alcoho 
and  ether,  the  methyl  alcohol  diffuses  into  tlie  ether,  but  if  a  caoutchouc 
iiieml)raiie  separates  the  two  liquids,  the  ether  diffuses  into  the  alcohol.^ 

Osmosis. 

The  term  osmosis  is  applied  to  diffusion  taking  ])lace  between  tw( 
li(iuids  se])a rated  l)y  a  membrane. 

Tlio  siiiij.lest  case  of  this  is  that  in  which  a  solution  of  a  substance 
is  sejxiiatud  from  the  pure  solvent  by  a  membrane  permeable  by  tli( 
solvent  Inil  impermeable  l»y  the  dissolved  substance.  Such  membranei 
were  first  ]»repared  by  Traube,^'  in  the  form  of  colloidal  preci])itates 
such  as  tannate  of  gelatin  and  ferrocyanide  of  copper,  but  Pfeffer 
was  th(^  lirst  to  thoroughly  study  the  ]»rocess  of  osmosis  under  sucl 
conditions.  The  name  "semipermeable"  has  been  given  to  such  mem 
branes.  but  it  must  be  noted  at  once  that  this  expression  is  seldon 
strictly  accurate  and  must  always  be  used  relatively  to  some  particulai 
substance.  Tamnian  ^  has  pointed  out  that  such  membranes  are  b} 
no  iiK-ans  tlie  "molecule  sieves"  that  Traul)0  imagined/*  and  in  ex])eri 
iiiental  woik  tlie  membrane  must  l)e  chosen  to  suit  the  substance,  oi 
firr  rri'sd.  ('o])j)er  feri'ocyanide  forms  one  of  the  best  of  such  mem 
branes,  and  is  nearly  inipermca])lc  to  cane  sugar. 


K.ioult,  Ztschr.  /.  ]>}iii^il:til.  Chcm.,  Leiitzi«,%  lS>r),  I'd.  xvii. 

Arcll.f.    J  lint.    11.    /'/nisn/.,    Lri|./iK,    }Si\7,    >^.    S?   .HH<1    129. 


s.  :'4o. 


OSAfOS/S. 


*6S 


In  practice  such  membranes  are  formed  in  tlie  intei-etices  of  an 

mditTeieDt  stipp^orting  structure,  such  as  the  pores  of  a  porous  battery 

ji^jt( preferably  previously  soaked  in  gelatin),  by  placing  one  of  the  meni- 

hranogens  inside  the  pot,  which  is  then  lowered  into  a  solution  of  the 

ather,  so  tlmt  the  precipitate  is  formed  within  the  structure  i>f  the 

fiftrthenware  where  the  two  solutions  come  into  contact.     It  is  only  by 

such  an  artifice  that  the  membrane  can  be  sufficiently  supported  to 

enalile  it  to  withstand  the  high  pressure  produced  by  the  osmosis  under 

£he  conditions.* 

If,  DOW,  a  Ijatlery  {>ot  willi  such  a  mcnd}rane  in  its  pores  he  filled 
mth  a  solution  of  sugar  in  water,  hermetie^illy  sealed,  and  placed  in 
a  vessel  of  water,  the  water  molecules  will  difluse  in  either  direction 
through  the  membrane,  which  is  pernieal>le  to  them  ;  the  sugar  nioleeules, 
on  the  other  hand,  cannot  pass  out,  for  to  thitm  tlie  mem  Inane  is  imper- 
meable.  As  a  result  of  the  presence  of  tlie  su^^ur  on  the  inner  side  of 
the  membrane,  in  unit  time,  more  water  enters  the  |>ot  than  passes  out, 
and  the  pressure  rises  until  it  is  sufficient  tu  bring  about  tlie  condition 
of  equality  in  the  number  of  water  molecules  entering  and  leaving  the  pot. 
Tills  pressure  is  called  tJu'  osmotic,  pressurr  of  the  solution  of  sugar, 
under  the  conditions  of  concentration  and  temperature.  Tliat  this 
pressure  is  comparable  to  that  of  a  ^i^as  was  hrst  clearly  pointed  out 
liy  van  't  HolT.^ 

Thus  the  osmotic  pressure  of  a  dilute  solution  at  Ciinstanl  tem- 
perature is  proportional  to  its  concentration  {i.e.  density  of  a  gas  in 
the  law  of  Boyle).  This  is  illustrated  by  the  following  table  from 
Ffeffer:^— 

(hne  Sugar  SoMions  at  13^-5  a  to  W'l  a 


CoTic*ntr»Uan  of 
Solution. 

in  Mm.  of  Hjf. 

0«niotic  Preflfiure 
CoiscentTfltion, 

1        \*er  cent. 

2 

^■74        „ 

4 

6 

1016 
151S 
-J0S2 
3075 

535 
508 
554 
521 
513 

Again,  at  constant  concentration  of  a  dilute  solution,  the  osmotic 
pressure  is  proportional  to  the  aljsolute  U-mpeiuture  (law  of  ('harlesX 
Til  us,  again,  talking  Pfeiler  s  data — 


I  ix^r  Cent.  Cane  Sugar  SfJutiofK 


Oh«n"«i  PfiefiBure. 


Calculated  Presnure. 


Mm.  fif. 

.Mm.  Hk. 

544 

510 

bvi 

567 

6206 

529 

'  For  detjiila  of  inanufactare  sec  Adio,  Joum.  Ohtm.  ^Voe,,  London,  1891,  vol.  lix.  p.  344. 
^Atrh,  fu&rl.  (L  Be.  esmctes,  etc^   1 88.^.   B«!,   xx.  S.  239;  Ztschr,  f,  physihif.   Citem. 
Unrig,  1887,  Bd,  i.  S.  470. 
*Ue,  cii,,  p.  S5. 
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The  experiment  of  ^uret/  again,  show  that  \\\  a  Boltition,  as  in  a  gas, 
the  warmest  part  i  tlie  racist  dilute  Soret  introdnced  a  solution  into 
a  long  vertical  tub  aiid  maintained  a  diffeiH^nee  of  tenxiierature  at  tho 
two  ends,  the  uppe  taid  l«cing  wnnuer  tfian  thp  lower.  At  th*?  end 
of  several  weeks  the  ruui. entiatinn  wi  tht*  sohitioji  at  llni  %?arni  end  of 
the  tube  was  four  I  to  l>e  lowered.  Thus,  with  «<iliition  of  copper 
sulphate,  the  concei  ration  at  the  end  of  the  tiilje  at  20'  C.  was  17"3li2 
per  cent.,  while  thai  at  the  end  loaintaiued  at  SO"  ('.  wa^  14*0ii  per  cent, 
instead  of  14*3  per  >nt.  as  (^leulated  hy  CliarleK  law.  And,  ugitin,  witli 
concentration  of  2f  :i(i7  |>t'r  cent,  at  tlit*  20"  U.  end,  a  c*onruntratii»n  uf 
23*871  percent,  wj  foinnl  at  the  ojid  warujed  to  80  U.  inst-ead  i\i  24'B 
per  cent,  as  calcula  'ih 

Thus  "the  osni<  xm  pressure  of  a  di8B(ylve<l  snUUinee  is  exactly  the 
same  as  the  gas  pre&Mire.  niwiHtned  hy  tlu*  rnanoineter,  which  one  wonid 
observe  if  he  could  renio\  leave  the  diH^nlved  sul«tiinc« 

as  a  gas  tilling  the  sa  yiiothesis  of  Avoji^adro  tlien 

is,  according  to  van  '  able  of  extension  I^y  the  law 

of  Henry  to  solutioi  tit  am  of  mattisr  whicli  is  not 

gaseous   under   ord  nd    it   may    k>   ytatcnl    that 

equal  volumes  of  g  at  the  same  f>aw  or  omnotic 

pressure,   and   at   t  contain    equal    numbers   of 

molecules. 

A  marked  cone  3   table   l»eliiw.   between   the 

observed  osmotic  pi  ion  taken  fnaa  IMVjVer^  and 

those  calculated  on  i  idro  ami  the  law  of  Charles, 

One  per  cent,  sugar  m\  a   1   grm.  of  su*^iir  in   1006   c*c.  of 

solution.  At  the  same  ti'mj  eiLTUiii.  .xii\i  pr'j^iiM'j,  ^„  uf  :t  ^anu  uf  hydrogen 
contains  by  hypothesis  the  same  number  of  molecules  {CJ2H.22O11  =  342). 

Taking  the  weight  of  a  litre  of  hydrogen,  at  C*  C.  and  one  atmosphere 
pressure,  as  -08956  grm.,  and  the  above  concentration  as  '0581  grm.  per  litre, 
the  gas  pressure  at  0^  C,  at  the  volume  100*6  c.c,  is  '649  atmosphere,  and  at 
the  temperature  t  =  "649  (1  +  '003670. 


Ttiiiixrature. 

Observefl  Osmotic 
Pressures.  •» 

»r-8  C. 

•6G4 

l:r-7C. 

•691 

ir-2(\ 

•671 

15'-;-i  C. 

•684 

22°  C. 

•721 

32    C. 

•716 

36"  C. 

•746 

Calculated  Gas 

Pressures 
•049(l  +  -00307t). 


•681 
•682 
•686 
•701 
•72.''> 
•735 


The  law  of  Daltoii  may  also  ])e  applied,  with  certain  restrictions,  to 
the  osinotie  pressure  of  solutions,  the  total  lU'essure  of  a  mixture  of 
substances  l)eing  e(|ual  to  the  sum  of  tlie  partial  osmotic  pressures  (►f 
the  several  eoin]>oiients. 

^  Arvh.  d.  sc.  pinjs.  ct  iiat.,  Geneve,  Ser.  3,  tome  ii.  \k  IS  :  Aim.  de  chim.,  Paris,  Sor.  5, 
tome  x.xii.  ]>.  203. 

^  Xernst's  "Theoretical  Cliemistrv,"  1895,  Palmer's  trans.,  ]».  14S. 

'^  Loc.  cit.  '  ^  Pleirer,  he.  ciL,  p.  85. 
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The  following  iiistanoes  are  taken  from  Pfeffer :  ^ — 
Copper  Ferrocijanide  Membrane. 
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RiHltor  FhVHi  jsr  MKAHirRiNuTrms 
IN  51 M.  Pkh  Hunt. 

Experitiient  I. 

Kxperinipnt  TJ, 
Temp*  15^ '51  V. 

1  iwr  e«ut.  aaltEietro   . 

15       „         gum*arahiL' 

1        , ,         sal  t  jietr  1?  +  1  f)  ptr  tfi  n  t. 
giXtD -arable 

1  per  cent,  saltpetre   . 

Mm. 

6^08 

2-06 
7-90 

6*00 

7-0 
5-3 

Parchment  Paper  Membrane. 


RiHB  OP  Fu-iu  IK  3Hk.<w("hiso  Tube 
i!4  Mm.  Fkk  Horn. 

Kxpt'mnent  1. 

[ilKperiment  IF. 

1  *5  per  oeiit  caldtun  chlorido 

2  „         giiiiiriralae 

I'S        „         ealoiuin    ehloridc  +  2 
pw  cent,  gum-arabic 

9*9 

1*2 

11-4 

10-3 

1-3 

ll:J 

TL*niiJ€raturo  in  h*Ah  expcnineiity,  17  '4  C 

In  Crises,  huwever,  where  the  two  constitutjiils  t*t  the  wolutinn  Imve 
ac^jiumoii  ion,  each  salt  thiiuniBlies  thi^  diHaneiatioH  of  the  other,  mo  that 
the  pressure  of  the  mixture  is  le^a  than  the  mnn  <tf  the  pressuK/R  i^f  the 
two  ooinijonents.^ 

Thus  for  a  douhle  Bait — - 


A, 

S. 

Onnotlti 

Sum  0! 
CotnpoiienU. 

ObuuKio 
Presaun!. 

811111  nf 
foinpowent*. 

i\»(NHJ,Al,^SOj,24Afi 
lVItAWSOJ,24Aq        . 

l'2t>4  AU 
l-iflfi   ,, 
1'29     ,, 
2*37     „ 
2"30     ,. 

2-53 

1  -295 
1  22 
140 

I'ys 

1  -96 

2*515 
2*62 

*  From  Adie,  J&um.  Uftem.  *Soc.f  London.  1S91,  vtil.  hx>  p.  iiU. 
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bserved  I 
tothGaiB   I 


It  is,  however,  by  uo  means  the  fact  that,  id  the  ease  of  all 
stances  in  aqueous  solution,  agreement  exists  between  the  observed 
osmotic  pressure  ai  I  that  rlirectlj  ealculated  on  tlie  aliove  hypotheaii 
alone.  In  many  casss  the  pressures  observed  in  solution  are  far  higher 
than  those  tuilcalateff  from  the  cont'entration  in  grainnie*molecules  per 
unit  volumtx  TJms  the  fjsniotic  pressure  of  a  1  per  cent,  aqueous  solu- 
tion of  common  ealt  at  0"  C,  l>y  ealculation  on  the  above  data,  should 
be  3*79  atmospheres  J  but  actual  measurement  Bhowa  it  to  be  over  7 
atmospheres. 

This  pbenoineu'  ^n,  common  to  all  solutions  of  electrolytes,  is 
accounted  h*v  on  tin  hyp<Jtheais  of  Arrbenius,^  that  the  dissoeiatal  ions 
of  an  electrul)'te  in  jolutiou  are  eiipaljle  of  exerting  pressure  as  well  as 
the  undissoeiated  1  lolecules.  The  osmotic  pressure  of  solutions  of 
electrolytes  is  then  raised  alcove  the  sijiiple  molecular  value  by  the 
coetticient  (^xju'essing  lue  he  molecules  are  diBsodated 

in  passing  into  Hnlutio  ^0- 

This  coetbcient  gi^  served  ognmtic  pressure  of  a 

solution  to  the  pressr  uisumi^tion  tliat.  uo  disst^cia- 

tion  of  molecules  o  oluiion.      It  may  be  deter- 

mined   for  a   subsLa  ilution  most   accurately,  hy 

measurement  of  the  of  the  solutiou. 

If  m  is  the  numb  s  in  the  solutinn,  and  u  the 

number  of  active,  aii^  into  winch  a  mt»leenle  can 

be  dissociated,  then  1  ^nt  i  —   ^^^——-^ 

m  +  n 

Since  tlie  '' activity  eo-  —     -,■      is  measurable  by  tbe 

m  +  n 

ratio  of  tlic  uioU-cular  comluetivity  of  the  solution  Lo  the  limiting  vahie 
it  approaches  by  increased  ddutiou,  ?— l+(A-i)ot  can  Ijc  obtained 
by  measureniLMit  of  conductivity  of  solutiom  i  can  obviously  also  be 
obtained  from  measurements  of  osmotic  pressure. 

This  coetticient  will  necessarily  be  of  very  different  value  for 
different  classes  of  electrolytes,  since  the  possible  number  of  ions  is 
variable.  Thus  sodium  chloride  has  2,  potassium  sulphate  3, 
potassium  ferrocyanide  5  ions. 

Hence  as  a  formula  may  be  given — 

/'  =  22-35  (1  + -003670-    'i  atmospheres, 

m 

where  22:55  atmospheres  is  the  pressure  exerted  by  the  gramme- 
molecule  of  gas  in  volume  of  1  litre  at  0"  C\,  c  the  number  of  grammes 
of  the  substance  per  litre,  m  its  molecular  w^eight,  and  i  its  dissociation 
coetticient  at  the  concentration  c. 

As  regards  the  practical  estimation  of  the  osmotic  pressure  of  a 
solution,  the  direct  measurement  by  a  semipermeable  membrane  is  not 
only  tedious,  and  limited  to  cases  where  the  dissolved  sul)stance  has  no 
cliemical  action  on  the  film,  but  seldom  practicable,  on  account  of  tlie 
ditticulty  in  constructing  membranes,  to  which  the  term  may  be  strictly 
applied.  (Jbviously,  unless  the  membrane  is  really  impermeiible  to  the 
dissolved  substance,  the  values  on  account  of  the  '*  leakage  "  of  dissolved 
substance  must  be  below  the  real  amount. 

'  Ztsrhr.  f.  physikal.  Chem.,  Leipzig,  1S87,  IM.  i.  8.  631. 
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Blagden  ^  discovered  the  fact  that  the  freezhig-poiDt  of  a  solution  is 

lower  than  that  of  the  solvent,  ami  that  tlie  lowering  of  freezing-point 

hi  pniportinnal  to  the  cuneentnitiun  of  tiie  suliition.     IviidorH'r  Cfip]iet;^ 

and  IiiiiDult  *  have  since  more  thoroughly  inve,sti^ated  the  matter.     If, 

therefore,  we  know  tlie  lowtninir  of  ilie  free?ii!ig- point  uf  watei\ proihieed  hy 

tbe  addition  of  a  gramme-iiiolecule  to  the  litre  (1  'iSf)  V.\  and  the  osmotic 

(or  gas)  pressure  at  0    C  correspond iug  to  thiK  (22*;.i5  atmos]>hcreR),  it  is 

merely  a  matter  of  simple  proportinn  toe^dtulate  the  ]ncssure  at  0''  C. 

corresptndiiig  to  any  given  h^wering  of  free/iiig' point,  and  from  that  to 

obtain  the  pressure  ai  any  otlier  teriqMjrature  liy  tlie  law  of  Charles. 

Many  pieces  of  apparatus  have  been  devised  for  measuring  the 
lowering  of  the  freezing- point,  hut  that  of  Iteekmann  '*  is  in  most 
gt*neral  use.  Unfortunately,  the  metliod  does  not  yicM  coneordant 
results  in  the  hands  of  ditlerent  ohservers  (vvlien  aquetais  solutions 
are  used)  within  about  005' (A,  whicti  cr>rrespnnils  t<»an  osmotic  pressure 
of  about  50  mm.  of  mercury  at  the  temperature  of  tht*  hody  (^'T^C.),  and 
is  hence  of  little  value  for  the  correct  estimation  of  small  dillorcnces  of 
►sniotic  pressure  in  the  aqueous  soluiiuus  to  which  the  jihysiologint 
•  oiitines  hia  attention/' 

An  optical  method  has  been  used  by  Tanuuan.'  Jf  a  drop  of 
Hilntion  of  potassium  ferrocyanidc  is  alloweil  to  fall  into  a  sobuion 
of  copper  sulphate,  a  so-rallcd  *'Traubr  coll  "  h  formed,  the  b-rrory^nudc 
solution  within  which  is  separated  from  tho  eopper  sulphali-  solution 
aut^ide  by  a  precipitation  membrane  of  cojiper  ferrueyani«li%  through 
wliich  osmotic  int(?relmuge  ea!i  take  place. 

If  the  internal  solution  be  of  higher  osmotie  pressure  than  the 
external,  water  ]itis8cs  from  the  eojiper  solution  outside  into  the 
cell,  and  the  copper  solution  immediat^dy  minid  idumt  tiie  cfdh  heing 
raijBed  in  concentration,  tern  Is  to  sink.  In  the  reverse  case,  by  ililution 
of  the  layer  round  the  cell,  an  upward  current,  is  started.  There  arc 
thtiB  produced  diflerencea  in  the  refractive  index  rtf  the  hiyer  of  solution 
against  the  outside  of  tlie  cell,  in  contrast  to  the  rest  of  thr  cnp[>er 
solution.  These  are  easily  detected  by  the  Topler  Sflilivrrittfjfitftmf.^ 
If  the  ferrocyanide  sidutitni  ha\e  the  same  osniotic  [tressure  as  the 
cop|>er  solution,  no  sthlkrcn  will  be  pr-n lured,  ami  there  will  be  no 
change  in  refraction.  Now,  since  the  total  cKsmotic  prt^ssurc  is  the  sum 
of  the  partial  pressures,  a  third  substance,  ru>t  reactirjg  with  the 
membranogens,  nmy  be  added  to  the  sobitimi  of  one  of  ttrem,  and  the 
concentration  of  the  other,  isosuiolic  witli  thr  urixture.  determined  by  the 
method.  Since  the  osmotic  pressure  of  thc«  sohuion  of  the  mr^m- 
branogens,  to  which  the  third  snlistance  was  udrleti,  is  ilircrtly 
m^surable,  it  is  obvious  that  the  jKLrtial  pressure  c*f  tlie  added 
sabstance  can  be  measnred. 

*/%£/.  Trans.,  Ijomiou,  1788,  vol,  Ixxviii.  p.  L*77, 

^  Ann.  d,  Ph}f9.  u.  Ch^-m,,  Leipzig,  IStll,  M.  cxiv.  8,  GU  ;  IStj'i,  \U[.  cwL  Si.  rt5  :  1871, 
Bd.  cxJv.  B.  599. 

*Ann,  dechim,,  Paris,  1871,  St^r,  4,  tome  x^siiL  p.  :J«m  ;  187ii,  tonus  xxv.  (..  fi02  ;  1«72. 

^Ihid,,  Krift.  1884,  Slt.  6.  tome  it.  p.  GG  ;  f\>mpL  raul.  Jouf.  d,  ><-,,  Piiris,  1S8*2, 
timie  xcv.  p.  1030. 

^m«kr,f.phij3ikai.  Chetn.,  L^ipfi^,  183S,  R.L  ii.  8.  638, 

*Li>oiiii0,  Ami.  d.  Phyn,  n.   Vliem,^  Ltnjizi^%   1894,   HJ.   li.   8.   fiOO  ;    Jo  lies .  ZUrtu\  f. 
"  il,  Cham.,  Leipzig,  1893,  B^L  xi.  S.  no  ;  Ranult,  ^hid.,  iS92,  IM.  \\.  8.  343. 


^Bimk^,f.lh)f9ik(tL  CKem.,  Leij^zig,  1888,  VA.  ii.  S.  415. 
^  Aim*  d,  Fk^9,  u.  Chem,^  Leipzig,  1867,  Bd.  cxxxi.  8.  a 3, 
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Physiological  methods  of  estimating  osmotic  pressure  have  also  been 
devised.  The  method  of  de  Vries  ^  is  based  upon  the  plasmolysis  of  the 
protoplasts  of  vegetable  cells.  The  cells  filled  with  coloured  sap  from 
the  middle  iiervure  of  the  leaf  of  Tradescantia  discolor  are  useful 
for  the  j)urp()se,  sections  of  this  part  being  allowed  to  soak  for  three  to 
five  hours  in  the  solutions  whose  osmotic  pressures  are  to  be  determined. 
If  tlie  cells  are  plasmolysed,  i.e.  if  the  protoplasts  are  found  on 
examination  to  have  shrunk  from  the  cell  walls,  the  osmotic  pressure 
of  the  solution  producing  this  effect  is  above  that  of  the  cell  sap,  for 
water  has  passed  from  the  latter  to  the  former,  as  evidenced  by  the 
diminution  in  volume.  By  investigating  a  series  of  solutions  with 
sections  from  the  same  leaf,  it  is  of  course  possible  to  find  two  of 
slightly  dillering  concentration  of  the  substance  under  investigation, 
one  of  which  just  causes  plasmolysis,  while  the  other  (weaker)  does 
not.  A  solution  of  concentration  equal  to  the  mean  of  these  two  is 
said  to  Ije  Uotonic  with  the  cell  sap. 

De  Vries,  on  preparing  a  number  of  solutions  of  different  substances, 
all  isotonic  with  the  same  batch  of  cells,  and  expressing  their 
concentrations  in  j^ramme-molecules  to  the  litre,  found  that  it  required 
ix  lower  gramme  molecular  concentration  of  some  substances  than  of 
others  to  obtain  isotony.  The  term  "water  extracting  power" 
{Was>i('ranzirJii(n(iHV(nino(jcn)  \s^^^  used  to  ex]u*ess  this  peculiarity  which 
is  obviously  related  to  what  has  al)ove  been  termed  dissociation. 
Taking  01  grni.  molecule  to  the  litre  of  saltpetre  as  a  standard,  and 
giving  it  a  magnitude  of  3,  the  relative  value  (as  regards  plasmolysis 
of  vegetable  cells)  of  a  molecule  of  a  number  of  substances  was 
ex])resse(l  in  terms  of  that  of  a  molecule  of  salt|)etre,  and  the  numbers 
expressing  this  ratio  called  isotonic  cocf/irinifs  of  the  substances. 

Thus,  to  barium  chloride  (P>a(Jl.^  +  2A(j  =  244)  is  given  the 
isotonic  coeflicient  4,  which  means  that  4  244  parts  by  weight  of 
l)arium  chloride  in  acjueous  solution  exert  the  same  plasmolysing 
action  as  101(  KN(3.i=  101)  parts  l)y  weight  of  saltpetre  i.r.  a  1'8;» 
])er  cent,  sohuion  of  crystalHsed  barium  chloride  is  isotonic  l)y  the 
method,  with  a  101  ])er  cent.  soluti(Hi  of  ])otassium  nitrate. 

Since  cane  sugar  on  this  syst(*ni  is  given  the  value  of  2  for  its 
isotonic  coellicjent,  and  since,  l)eing  a  non-electrolyte,  it  is  not 
dissociatecl  in  s(»lntion,  it  is  merely  necessary  to  divide  the  isotonic 
coeilicicnts  <»t"  de  Vries  by  2,  in  order  to  obtain  ordinary  dissociatitni 
coetiicients. 

It  is  (>l)\ions  that  the  substances  in  solution  must  exert  no 
deleteiions  action  on  the  })rotoplast  of  the  cell,  and  must,  more(>ver, 
be  (juite  unable  to  ditruse  through  it,  if  the  metliod  is  to  be  exact. 

Heic,  again,  we  are  met  with  the  ditbculty,  that  the  protoplast  is 
not  a  strictly  senii])ermeable  membrane.  It  must  let  certain  substances 
pass,  otherwise  the  cell  sa]j  could  not  ha\'e  any  other  constituent  than 
water;  .ind  it  is  only  l)ecause  the  ])ermeability  to  ccMiain  substances  is 
so  far  Ix'low  th;il  to  water,  that  it  is  ])ossible  to  obtain  fairly  a])])roximate 
measures  of  osni<»tic  ])ressuie  by  this  ineth(Ml.  With  other  substances 
the  jHMinealiility  is  so  gicat  that  the  values  are  fai'  too  low. 

Thus  with  sodium  chloride,  hy  this  method,  the  dissociation  coetbcient 
is  reckoned   as   1  •.">  (de  Viies'  isotonic  ci^'llicient  3),  but    by  lowering  of 

'.A/A/-A    /■.    ,ris<.  IlnUinit,  ISSJ,  IJ.l.    xiv.  8.  427;  Z/sc/rr.  ./'.   plnjslkuL  Chan.,    Li'ip/ig, 
i.ss.s    n.i    ii   .s    nr. 
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fpeeaug-poiiit  metluMl,  it  m  foiuul  to  l>e  liiglier  (about  1'80).      Other 

indices  of  "isotony"  than  the  plitHiimlysis  <»f  tlie  vegetulih*  rell   luive 

Iteeu  iise<i  l»y  physiulogiHts. 

HaiiiUii'^er  ^  hcis  uneil  red  hliMid  eoriiuselrn.  If  tho.se  are  ]tlactHl 
10  gohjtiniiii  u|"  Huhrftaiiees  wliieh  du  ii(»L  penetrate,  and  whicli  do  not 
id  clieoiically  np<ni  thejii,  an  in«lex  of  tlie  entrant  of  water  into 
ihe  suli^Uuwe  of  the  uorjnmele  ia  jn-essentefl  hy  the  wetting  free  of 
hliaio*^lubin,  which  isi  reeogniaahle  in  tlie  suhitioii.  In  asohititjn  of  lower 
-iiiotie   pix-SHure   than    the  lorpUHele-etnitentw   (hy|>oi8otonic   suhilion), 

iier  entera  the  corpus^eles  ajid  the  .solution  is  redileueil  In  a  solution 
**1*  higher  osmotic  pressure  than  the  cnnients  (hyperisolonit^  .solution), 
water  is  extmeled  fronj  the  eiujiuseles^  tfiry  shrivel  and  sink,  and  the 
st>lutiou  retiiins  ita  original  eolo\n\  Twd  linnting  solutions  jire  thus 
dbtailiaUIe.  and  tlie  mean  ron(-entration  of  the  two  is  taken  as  I  hid 
isrjsiuotic  with  the  contents  of  the  ror[Kis(.'l*'. 

The  inetli(*<l  ban  very  eonsiderafsle  linnts  in  [aaetire,  fin  not  only 
is  it  obviously  rentrieted  to  eolourless  solulioiis,  hut  it  can  alno  only 
^ive  I'eanlls  apprr>aebing  the  truth,  in  eases  where  the  subst*tnce  in 
^4ulif>ii  dc>e*^  not  penetrate;  and,  as  indieated  hy  (iryns;-  who  has 
criticiseil  the  niethml  very  severely,  the  red  eor]iu,seles  are  penetiahle 
by  a  very  large  uuinl»er  of  Buhstiinees.-' 

AiuUher  JdotMl  eorpitsele  niethnd  is  that  ol  the  liaMiiatokritJ  Hero 
the  gauge  of  entrance  nv  exit  of  water  frt^m  I  ho  roipnscles  is  ibi*  Viihuue 
they  4K*.cupyj  in  a  graduated  ea]»illary  tube,  after  having  hrm  eentiifu- 
>nilise<l  with  the  solution.  The  volume  of  the  corjiuseles  is  dejiendt-nl 
MU  the  nsmotie  pressure  at  tlie  solution  in  which  they  are  ] placed  (}iro\  ided 
tlie  tliiisuhed  suhsUince  does  imt  penetrate),  and  if  equal  volumes  of  the 
same  blcMHl  sjiei-imen,  contejtJiHaaneonsly  eentrifiigaliseil  in  two  sohnions 
of  differeul  snbstam  es,  give  the  sanu*  voluuie  ""f  cor|*useles.  those  solutions 
have  the  same  osmotic  pressure.  JSy  eentrifugahsing  a  given  vitlmue 
of  a  blood  sample  in  a  series  of  sulutiims  of  a  suhslanee  not  penetrating 
corpuscles  (eaiie  sugar),  fif  diilerent  and  known  osmotic  jiressnnv.  in 
separate  tubes,  at  the  sjrme  tirut*  as  uu  equal  volume  of  the  same  hlotnl 
treate^l  with  the  solution  of  the  substance  to  lie  invest igateil,  a  final 
compariBou  of  the  lengtfi  of  the  'Mhre;ids"  rif  eorjiuscles  in  iho  tubes 
gives  a  gauge  of  the  osmotii-  juessure  of  the  suhilion. 

By  eentrifngalising  Idodtl  in  a  ]>i[jelte,  previously  oiled  ^cedar  oil) 
to  prevent  clotting,  measiuing  the  leugtli  t>f  the  "  thread/'  antl 
companng  with  tlie  same,  Idood  treated  with  sugar  solutions  of  known 
Qsmotic  pressure,  tlie  juessure  of  the  ]»lasma  is  determinable  and  is 
found  to  vary,  rising  after  meals,  and  es]»ecially  aft<'r  the  ingestion 
of  sobitifuis  of  stdt  (Koeppe). 

A  liacterial  method  even  has  biHUi  nsetl   l>y   Wladiritirotr,'  wh<»  has 

»J«A,  /  AtuU,  H.  Pkirn^J.,  Uii>iii^'.  ISifl,  Fhvs,  Ahth.,  S,  47ti  ;  1^87,  -S.  ai  ; 
ZiMkr./.  pkjfmJtal,  Chcm.,  i-i'i|»zi;LJ,  1??1M1,  li^L  vi,  S.  311*. 

^  Arch,/.  *L  *f€n,  PhytioK^  Uoiiu,  WM'\  VtA.  Uiii,  S,  8tl. 

'H*ml»urKcr'iiirii8*'ir  iZt^chr.  f\  phifsiM.  (%m,,  I^npziK',  1S90,  Bib  vi.  S.  3UM 
nmiuUined  that  itcinienbility  diU  tKit  aU'eet  IiL^  tnitlKKl,  siii't",  i»y  rt  *' vitnl  mX*' 
('*LebeQi«fr»clitiniiag*'),  H.  3:11,  die  lorjui.Halei!  ^ive  up  u^  tho  stilulluu  fnnii  tln'ir  juio* 
m  urioQnt  of  some  uther  substJitKM]  exactly  e<|uiv'altjtU  to  that  whiih  |icijt^tnit<'i*  troni 
vithout,  M>  tlmt  tbe  tutal  usmoti*'  |>r<?Hftiirt*  ot  tlie  jiiiee  is  UDaltere<l  ! 

*Hediii,  Skandin,  Jreh.  /.  rftimtti.,  l^nfi/^ij^,  18i+0  ;  fLit^vturr,  /jVr/.  k-flu.  U'chHxfhr.f 
1892.  Bd.  xxix,  S.  M  \  Kuemn',  Arrh.  f.  ritifsuti,  Ui\mii.  Ibti'-,  «,  li*i  ;  Jn-h,  J\  d.  fjcji, 
Pkfuioi.,  Bonn,  189(5,  JJiL  IxiL  ^S.  f-fl?  {  Muittheiu  uwA,   U'elinsrltt.,  18U3,  No.  :i  L 

'^brAr.  f.phitfdknL  CJu-m.,  Leipzig,  IblU,  Hd.  vii.  S.  r»2l». 
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maintained  that  cessation  of  motion  of  bacteria  placed  in  solutions 
indicates  that  the  solution  is  isosmotic  with  the  cell  sap,  ii^  cases 
where  poisonous  action  can  be  excluded. 

The  above  physiological  methods  of  measuring  osmotic  pressure  are 
of  considerable  interest,  but,  as  already  stated,  their  application  is 
decidedly  limited ;  and  though,  as  will  appear  below,  often  of  indirect 
value,  as  giving  information  bearing  on  the  permeability  of  cells  and 
membranes,  they  are  not  to  be  classed  with  the  more  accurate  methods 
of  experimental  physics. 

Ill  the  case  of  colloid  solutions,  it  is  not  necessary  to  use  pre- 
cipitation membranes  for  the  direct  measurement  of  osmotic  pressure, 
for  such  material  as  vegetable  parchment  is,  as  a  rule,  impermeable  to 
colloids,  and  it  moreover  presents  certain  advantages  in  particular 
cascvS,  namely,  those  in  which  the  colloidal  substance  is  contaminated 
by  salts  (r.//.  albuminous  solutions),  since  the  Siilts  can  pass  out,  and 
the  determination  is  freer  from  the  error  of  inclusion  of  the  partial 
pressure  of  these,  unavoidable  by  a  direct  measurement  by  a  copper 
ferrocyanide  membrane,  or  an  indirect  determination  by  lowering  of 
freezing-point. 

It  is  known  that  solutions  of  colloids  of  considerable  concentration 
exert  very  l(jw  osmotic  pressure,  though  their  exact  measurement  is 
(litHcult.  Picton  and  Linder,i  in  a  direct  measurement  (by  a  copper 
ferrocyanide  membrane)  of  the  pressure  of  a  4  ])er  cent,  solution 
of  colloidal  arsenioiis  sulphide,  obtained  a  pressure  of  only  17  mm.  of 
water.  Saljanejew  -  states  that  the  lowering  of  freezing-point  by  silicic 
acid  is  so  small  as  to  be  within  the  limits  of  the  method.  With 
albuminous  solutions  the  ditticulty  of  contaminating  salts  is  almost 
insuperal)le,  and  since  the  molecular  weight  of  albumin  is  not  known, 
calculation  is  excluded. 

Sabanejew  '^''  investigated  the  lowering  of  freezing-point  of  water  by 
solution  of  e^g  albumin,  and  (juotes  a  lowering  of  "02**  C.  for  a  15*6  per 
cent,  solution,  and  •042°  C.  for  a  30".S5  per  cent,  solution,  but  since  the 
specimens  held  '4  to  "66  per  cent,  of  ash,  the  numbers  are  of  no  value. 
Taniman^  gives  the  dilTerenee  in  lowering  of  freezing-point  of  horses' 
serum,  produced  ])y  coagulation  of  the  ])roteids  l)y  heat  and  removing 
tlieni,as  only  000"  ('.,  which  is  in  the  region  of  the  error  of  the  metliod.^ 
Drescr''  and  Koeppe '^  also  state  that  the  removal  of  proteid  from 
albuminous  solutions  does  not  ali'ect  the  osmotic  pressure,  while 
Liidcking'^  maintains  that  the  l)oiling  point  of  40  per  cent,  solution 
of  gelatin   is   100°  C.'^      It   is   therelore  uncertain  whetber  proteids  in 

^  Jtmrn.  CJirm.  Soc,  London.  ISU'j,  vol.  Ixvii.  p.  6."5. 

-  I)>  r.  il.  >/n>fs"h.  chrm.  (Jfscllsch.,  Berlin,  1890,  lid.  xxiii.  8.  87. 

■'  Ib'uL.  LMtl,  Bd.  xxiv.  S.  558. 

-'  Zfsr},r.r.  plnjsihd.  C/ina.,  Leij./ig.  189(3,  Bd.  xx.  8.  180. 

■'  Stailiiii,',  Oil  tlie  otlur  liand,  <iuot('.s  two  experiments  to  prove  tliat  the  osmotic 
pK  .s>uif  ol  the  proteids  of  s<'rum  can  l«e  directly  measnrcd.  It  is  stated  to  he  from  30  to 
40  mill,  of  H.i,'.  .luiirii.  /'/njsi'o/.,  Canibri<l<^'(;  and  London,  1895,  vol.  xix.  p.  323.  Cf.  also 
next  artir].',  )..  30^. 

'•Arch./,  '-.r^.r.  Put},.  „.  J'JnfrvinbJ..  Leii)/.iL:,  181t2,  Bd.  xxix.  S.  314. 

'  Air/i..'f'.  il.  ijrs.  r/n/siu/.,  \]i,uu,  ls9*;,  Bd.  Ixii.  8.  571    ffootnute!. 

"".hni.  ff.   I'/nis.   >i.  rjnni.,  Leip/i-:,  isss.  B,d.  xxxv.  8.  :^:^2. 

'•'A  lo\\t'ii!)L;  ol  vapour  i»ressure  (raising'  of  l)oilini^'  point^  is  ])rodnced  l»y  soIuti(»n 
i>f  a  sul».>tance  in  a  solvent,  and  tin-  lowciin;^'  of  vajiour  pressure,  likt'  that  «)f  the 
free/in<4-point.  is  ]>i'o|)ort ional  to  the  <(>neentiatioii.  WuIIikt,  Ann.  d.  ]'/ti/s.  u.  Cl/ryn., 
Leip/.ii:,    1S5^,    lid     ciii.   8.    5-j!!»  ;   ls5s.    I'.d.   <v.   8.    85;   18*30,  lid.   ex.   8.  564  ;    Tamman. 
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colloidal  solution  e^ert  an   cmniotic  pressure  ciipablii  of  uieasuremeut 
bv  our  present  methods. 

Fn^ra  the  above  account  of  osmotic  pressure,  it  m  evident  that, 
since  it  is  present  iu  liigh  or  low  degree  in  all  true  solutions,  as  a  result 
of  the  kinetic  energy  of  the  dissolved  luoloculeH,  the  pheiionieua  of 
diffusion  are  most  satisfactorily  accouutcd  lor  as  directly  dependent 
on  the  osmotic  pressure  exerted  by  the  diifuaing  substauce,^  Substances 
diffuse  from  places  of  higher  to  those  of  lower  partial  pressure,  and 
the  diflerencea  in  rapidity  of  dilluHion  of  diderent  Buhstances,  though 
present  in  coneentiations  exerting,'  the  same  osmotic  pressure,  must  lie 
icootinted  for  by  dillerences  iu  the  resistance  rjiet  in  their  i^aHsnge 
tmong  tlie  niohfcules  of  tlie  solvent. 

When  we  now  turn  to  the  eunsideratiun  of  ttie  interchange  of  the 
ooQdtituentB  of  solutions  through  animal  memluanes,  we  at  ruice  find 
tbftt^aixice  these  niendu-anes  are  never  strictly  semipcrnieable,  and  are 
te^uently  very  i)ermeable  for  diss<dved  substances,  tlie  pheiiunienu  are 
neither  those  of  pure  osmose  nor  pure  diflusion,  Imt  a  cnuqtlcx  of 
the  two,  in  wiiich  the  relative  permeai>ility  of  the  mendirane  to  solvent 
and  disBolved  substance  is  of  paramount  im  pur  lance,  but,  unfurlunately, 
a  variable  factor  witfi  different  mendjranes.^  All  the  earlier  work  upon 
(wnosiB  was  carried  out  with  naembranes  not  fulfilling  the  condition  of 
lemipenneability,  so  that  a  double  stream  of  ssilvent  into  solution 
(endoemoee)  and  dissolved  substance  into  solvent  (cxrwrnose)  was  0(^1- 
iidered  as  a  necessiiry  feature  of  the  process  until  Traube's  fliscovery  of 
precipitation  membranes. 

The  first  osmose  experiment  was  probably  that  of  the  Abbe  Nollet,^ 
ia  which  it  was  observed  tliat  a  bladder  tied  over  a  vessel  of  spirits  of 
wine  became  distended,  or  even  burst,  when  vessel  and  nienibrane  were 
ander  water*  Parrot*  again  allied  attention  to  the  fact,  which 
had  been  forgotten,  and  aserilied  the  process  to  *'  alliiuty  of  the  iirst 
order"  whicli  causes  aO  miscible  lluiils  to  *' wander  "  intn  m\L'  tinotlier. 
Fischer^  in  Germany  and  Dutrochef^  in  France  ;igain  rediscovered 
the  prime  fact,  and  commenced  its  systematic  stwly.  (Jertaiidy  the 
main  stimulus  to  subsequent  study  "f  the  ]ilicn(smena  was  given 
by  the  work  of  DutrocfietJ  iJulrnrlict's  cudosinmiii'ter  was  a  funnel 
closed  by  membrane  and  jaovideil  with  a  lou;^  kIciil  The  biidy 
uf  the  funnel  was  filled  with  the  soluticai,  and  the  whr>lc  innnersed 
in  water*  The  height  to  which  the  thud  r<!se  in  the  stem  was  the 
gauge  of  the  osmotic  aetion  of  the  solution.  Ihitrochet  recognised 
that  the  concentration  <^f  the  solution  and  the  teiiil'cniture  aflected 
the  results. 

Vienirdt®  improved  upon  the  arrangement  used  by  liutrnt-bct,  by 
setting  the  membrane  vertical  and  the  stem  hnrizcmtal,  sn  that  Hlirutiou 
error  was  avoided,  and  abu  concluded  that  the  stream  of  water  into  the 

*irCTii»t  ZtMchr,  f.  phynhd.  €h4^n.,  lAii[m^,  1888,  ]Ul  \l  S,  fill. 

*  In  thU  connection  &<*«  a  jia[ier  \ty  IjUKaniM  IJtirkiw,  ,/ourn.  linjxiuL^  l':inilfii"i;4r.t  ami 
London,  1805,  vol.  xix,  p,  140. 

^  **  UistijtTf)  de  I'AuwIi'iiuti  loyalt*  di'»  sciencKH/'  \1\^,  \k  101. 
r^itw.  iL  Phxjs.  u.  Vh^tn.,  Leip/Jg,  1815,  n<J.  li.  H.  3iy. 
'md.,  1822.  IM.  bxiia  300. 

*  Ann.  cU  chinu,  Paria,  1827,  tome  xxxv,  p.  393;  **  AgiiU  iiTniitVlmt  tin  iiiouvcnunt 
ntal,"  Pari*,  1826. 

^  See  Also  **  M^moires  poiir  aervir  h  riiiitoire  aiiiitoiiii<jii«  vt  |iliyBiuloguxue  dvh  vi'^rhui^ 
t'iia  waimMux^"  BruxcUeti,  1837. 

'Ann,  d.  Phya.  u.  Ckem,,  Leipzig,  1848,  M.  Uxiii.  8,  'AiK 
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funnel  was  propoi m  rml  to  tlie  diflerence  of  conoeiitratioii  of  tl)^  eohi- 
tions  on  either  Hule  \  f  tbe  raembraTie. 

Jolly  ^  specially  studied  the  ratio  lietweeD  the  auunint  of  water 
passing  into  the.  sokuion  and  the  amount  of  dissolved  Bubetance  f»aji«iiig 
out,  using  saltH  witli  pig'a  bladder  as  membrane.  This  ratio  he  tenned 
the  endosmotic  rquiraiad  of  the  salt,  ami  maintained  that  it  is  constant 
for  the  same  nieini>mne,  coneentraitjon  of  the  milt  solutinn,  and  tem- 
perature. For  aome ;  eArs  af tor  tliiw  the  vvliole  attention  of  those  interested 
in  the  matter  nf  osmogiB  was  directed  to  a  fuller  study  of  this  ratio  in 
the  e^se  of  diftereut  substanees.^ 

As  a  result  of  tlie^se  re^e^rebes,  it  was  seen  that  even  with  the  same 
membrane  it  w:l4  only  wi^inn  slkTht  f-hMnires  of  eoncetUration  ol  tlie 
solution  that  en iii^LaiiL'y  t^nivalent  was  olitainable,  a 

result  in  accortiaui'L*  w^  that  the  physieal  nature  of 

an  animal  memlirane  i  go  change  witli  the  amount 

of  water  imbibt  d,  a  rf  le  concentrntion  of  the  solu- 

tions in  which  it  is  in  y  semipermeable  membrane, 

the  endosmotic  e([uiva  e,  wliile  the  more  i>ermeable 

the  membrane  tn  diss  )wer  will  be  tlie  etjuivalenU 

Thus,  accordiuj^  to  Ha:  ui va) e n  I  U  f r  so<  bum  eh k irido 

is  with  fish-swim-blad  m,  40;  ox-bladder,  6-4. 

It  must  therefore  >ite  of  the  giLiat  labour  that 

has  been  expemhiul  or.  ««,j  >ii  of  en<losmotie  erpiivalents  of 

different  substances  with  di  aranes,  the  reaultw  obtained  are 

of  little  value  tn  the  practical  |.mysioiogist,  who  deals  with  niembranes 
in  the  living  hnW,  wliose  physieal  eharactera  are  by  im  means  nece-ssarily 
those  of  tlie  striu/t nres  used  in  sueb  experiiiients.  The  only  value  that  can 
be  attached  to  thes^e  determinationg  is  an  orienting  one,  an  to  the  diffuf^i- 
bility  of  the  substanees  into  water,  tbrougli  dead  animal  inenibranee, 
under  the  conditions^  of  the  experiments. 

llefore  we  can  attempt  to  answer  the  ([uestion,  How  is  the  process  of 
diffusion  inodilkul  when  iu  an  osmuse  exyieriment  an  animal  membrane 
is  placed  ])et\vi'Hn  Hobifciou  ami  solvent  t  it  is  obviously  necessary  to 
know  the  physical  structure  of  the  membrane.  Of  this  we  must  admit 
great  ignorance,  Tn  Briicke^  we  owe  a  theory  of  '*pore  diffusion," 
Assuming  capillary  pores  in  the  membrane*  it  maintainB  that,  by 
attraction,  a  lavi^r  of  jnire  water  Hues  these,  while  an  axis  of  salt  sidu* 
tion,  whose  court ;iitration  falls  from  axis  to  mantle  of  the  eyhndrical 
pore,  lies  centi  -dly.  Tlie  highest  concentration  in  the  axis  must  \m  that 
of  the  salt  solution  in  the  experiment,  and  along  the  axis  ordinary 
liydrodifl'usion  lakes  ]jlace,  water  entering  the  salt  solution  and  salt 
entering  the  \\ciiui.  Alung  the  nmnlle,  however,  uuly  water  win  yusa 
into  the  salt  solution,  so  that  the  stream  of  water  exceeds  that  of  salt. 
If  the  pores  are  very  narrow,  it  is  conceivable  that  there  is  no  central 
core  of  salt  solution,  in  fact  the  membrane  becomes  semipermeable. 

1  Zf.^chr.  /.  rut.  MkU.,  1849,  Bd.  vii.  p.  83  ;  Ami.  (L  Phtjs.  u.  Chein.,  Leipzig,  1849, 
Bd.  Ixxviii.  iS.  261. 

-  Fick,  UntrrsHch.  z.  Naturl.  d.  Mensch.  u.  d.  Thierc,  1857,  Bd.  iii.  S.  294  ;  W.  Schmidt, 
Avn.  d.  JV(!/s.  a.  Clu ni.,  Lei[)zig,  1857,  lid.  cii.  S.  122  ;  Beilr.  z.  Anal.  u.  Physiol. 
{Eckfuird),  Giesscu,  1855,  Bd.  i.  S.  97  ;  1860,  Bd.  ii.  S.  1,  31,  147  ;  Hotfmann,  ibid., 
18t)0,  lid.  ii.  8.  5!». 

'^Arch./.phiisiol.  Hcilk.,  Stuttgart,  1856,  Bd.  xv.  S.  194. 

*  "  I)l'  jliHiiHioiie  liuiiionim  per  septa  mortiia  et  viva,"  Berlin,  1842  ;  Ann.  d.  Phys.  u. 
ClicM.,  Leipzig,  1843,  Bd.  Iviii.  S.  77. 
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Thp  lit  tract  ion  of  the  Bulistjmcc  of  the  iiieniliraiie  for  water,  at  any 
rate,  nmy  then  be  a  factor  in  tlie  case.  Lnthvig  *  demon^trateil,  indeed, 
that  the  coiic^ntration  of  the  sohition  ind>ibed  hy  an  animal  niemhrane 
may  he  lower  tlian  that  of  the  solntion  in  wiitfdi  it  is  woaked. 

Fick  *  distinguished  Itotween  two  j^osHibihtieB  fur  ditViisiuii  throngh  an 
animal  membrane  —  a  '*  pore  diHusion "  in  lirneke's  sense,  and  a 
difrttsi«»n  incurring  ttirongh  the  si»ateK  between  the  nKdctndar  aggregates 
of  which  the  membrane  nmy  Ije  conwidereil  to  he  bnilt.  The  bitter  idea 
ia  somewhat  of  the  nature  of  that  formed  of  the  diflVieifjn  of  a  gaH 
through  a  film  of  liquid  in  wliieli  it  in  soluble,  or  is  perliaps  lietter 
illustrated  in  the  exijeriment  of  L'llerniite,^  in  wliieli,  wlieri  water 
6eparaleB  chlorof«irni  fri>io  ether  in  a  tube,  tin*  ebli>rofona  inereaset^  at 
the  ex|)eiise  of  the  ether.  Fi(tk*s  '*  boniogeneous "  nuMubraiu'H  were 
made  of  collodion;  but  his  resultn  show  that  wikIi  a  nienibrafie  is  not 
unalterable,  since  the  amount  of  salt  |ia>4wing  tbroiigli  inereaHes  with 
time,  and  it  is  diftieult  to  estmpe  the  conelusion  that  in  many  cases 
some  interaction  of  chemical  natnie  takes  jilaee  Ijclween  ilu*  nienibrnne 
and  the  Bubataneea  to  whieli  it  is  permeable.^ 

The  proj>prtv  passeA^;*!!!  Ijy  ("cdaiTi  wukstaru'rvs  of  iniliibin^'  rortrtiii  HijiiidK 
(upart  fiM>m  capiJliiry  action),  must  b«*  }>arni'  ia  mind  In  idl  ciJiisidf  rat  ions  ol  11  ic 
etKentiiit  natur*'  of  tlu*  pr<w'i>8.s^8  involved  in  tlie  passage^  itf  fbu<Is  through 
mrmbnmo,>.  This  jirojM^rty  t^in  i>nly  lie  a.st'rib»*d  to  ^^nnii'  'Sdlhiity 'Mjetwit-n 
the  moUvuU^s  r»f  tlu^  indjihing  ?-uhstanc'e  and  that  iniliibrd;  thus  gelatin 
sweUs  ill  water  but  not  in  eth4*r,  wbiU*  th*-  reverse  in  true  of  eaout^hoUf*.  The 
n^tention  of  a  gas,  or  a  colouring  matter  hy  c  harroal,  of  water  by  tlu'  j^iliea 
of  the  opal,  or  tliat  of  pfpsin  by  fibrin,  are  instiUii't^K  of  thr  ela>is  of  plu'iioniena 
to  which  att^rntion  in  Ijpre  calli-d,  lunl  t<*  whii  li  tlif  nanit'  of  {ul^urpfiim  is  oftm 
applied.  Wlj<ni  a  homogeneous  suManri'  imbibes  a  >4olmion,  rompounds  of 
the  imbilx'd  with  the  imbibing  subsl^tni-e  may  he  fornitHl^  whirii  may  have  a 
great-er  affinity  for  the  solvent  than  tlie  original  imbibiTig  snlistann^,  ])nt  at  the 
«ame  time  the  osmotic  j^resi^nre  t"f  thf  solution  teiuls  to  rrtard  th*'  inibibition 
«f  the  S47lveat ;  hence,  with  a  given  pair  of  .snbsta rices,  tlic  aniount  of  the 
inlnlion  of  one  tiiken  up  by  the  other  will  reacli  a  maximmn  at  a  rt-rtaiii  vm\- 
eeiilration,  a  nmxianim,  however,  which  may  lac  wi^ll  aln»Vi'  ibat  for  imbibition 
of  the  pure  solvent. 

The  *' affinity"  of  the  imbibing  suhHtance  f<a  tlu'  .siilvenl  and  <li-Nolvt'<I 
iubitsmce  imhil)ed  may  be  of  very  diirereat  order,  for  gelatin  takers  uj>  a  more 
coocentrat+'d  Hohitioa  of  metliyl-violet  than  that  in  the  dye  b;itb  ;  whde,  on  t.lie 
other  hand,  a  ferrocyiiiiide  of  copper  meniliram'  will  take  u[>  waii-r  while  jdmost 
ihpolutely  inddferent  to  disnolved  cane  sugitr. 

Such  **af!initie.^"  are  not  purely  mcrhauir^il,  siu^e  tht^  vary  with  the 
cbemiciil  nature  of  the  fsubstiince,^,  and  yet  are  not  of  the  iifiture  of  i  liemir-al 
affifiity  in  the  usual  Ken^ie  of  the  t(*rm,  sinre  the  **rni|]jKnimI;^  "  \\u  not  oliry  the 
Uw»  of  cuni<tant  and  multi|>le  pn>[Jortion.  Ofttwald  has  ititnuluced  tlie  term 
midianiral  uffmifij  ia  meet  the  ca.sr. 

In  the  complex  known  as  protoplasm  tlnrc  imiy  be  indabing  subst^incf,^  of 
<iifferent  nature,  permeated  by  a  solution  of  fudistanres  whose  chemical  nature 
raay,  direi*tly  ami  indirectly,  affect  the  imbihitiun  of  a  csolutioti  l)rought  in 
<X)ntact  with  the  mass;  andj  furthermore,  undissi>lveil  particles  may  themselves 

^Zbd^r,/.  roL  Med.,  1849,  lid.  viii,  S.  1,  Atm,  iL  I'htfs.  w,  rhnn.,  Loipiiig,  IIJ, 
UiTJih  8.  307. 

»  UnUTMU£k.  s.  NaiurL  d.  Memch,  u.  d,  Thurt,  1857»  Ikl.  iii.  S.  *JUt. 

^  Ann,  d€  rhhn.,  Paris,  1854,  Sc'r,  3,  toinc  xliii.  [k  420. 

*Tamtuau,  ZUehr.f.phyiikaL  Ch^m.,  Lcii>zig,  la&'i,  Hri.  x.  S.  2bb  ;  WaMcti,  ibkl.,^.  GOO. 
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exert  surface  actiorj,  so  that  the  jKrsftibilities  for  purely  phy^^ical  aWirption  ant 
quite  unknown,  und  so-called  vital  el<wtive  action  may  be  the  result  of  Bp^clfc 
adsorptive  affinity,  llof meister '  baa  isbo wii  thiit  gelatiu  bjts  an  * '  elective  "  action, 
for  common  ssilt,  the  concentration  nl  tbe  solution  imbibed  exceeditig  that  of 
the  surrounding  solution ;  and,  furthcrj  that  the  combination  of  sodic  chlorido 
with  the  gelatin  favours  the  uptake  of  water.  Agaiiij  gelatiji  t^ikc^  up  iiiurB  ^ 
water  from  '5  to  2  per  ecnU  solution  of  etbyl-akolKil  in  water  than  from  pure  H 
water.  ^ 

With  salts  that  undergo  electrolytic  dissociation  in  solution,  permcabiMty 
must  be  a  function  of  ioii^.  Thus,  accot<Iing  to  Oatwald,-  copper  fcrroryaiiidf! 
is  permeable  to  potassium  chloride,  because  both  chlorine  and  potassium  ions  can 
pass;  it  is  impermeable  to  barium  chloride,  Ixumuso  the  barium  ion  is  stopped ;  and 
impermeable  to  iiotamum  -"^-^"*"  t^««.*c.«  tu,v  ^'xipbun^  jxcid  ion  cannot  paii??: ; 
and,  under  ordinary  circui  opposite  electrical  cliarge,^,  if 

one  ion  is  st^ippedj  so  Ji  lere  arc,  hoirever,  ei>nditions 

under  which  an  ion,  stop!  permeability  of  the  membrane 

to  its  fellow  in  a  salt,  mj 

If  the    negative  ioi:  d  from  paawtng  through  the 

membrane,  only  because  oeitive  fellow,  the  addition  of 

another  salt,  whoif^e  jM>iiti  brane,  will  allow  the  iiegati%*o 

ion  of  the  first  salt  to  pa?  Or  a  salt  whose  negative  ion 

can  pass  the  membrane  n  tosite  side,  the  two  negatives 

exchanging  with  tlieir  poi  lembrane,  and  equal  numliers 

of  the  two  negative  ions  \  -recLions  Ln  a  given  time.     This  is 

of  interest  to  the  |)hysiologisi,  s  i  possible  physical  explanation  of 

the  fact  that  a  cell  may  bold  bacK  a  «. c^iice  under  certain  conditions^,  while 

under  others,  when  surrounded  by  a  differently  constituted  ftuld,  the  same 
substance  may  be  given  up. 

Koeppe^  liai?  att^^mpted  to  apply  this  to  the  formation  of  hydrochloric  acid 
in  the  stomach  fr<im  sodium  chloride,  maintaining  that  the  stomach  wall  in 
impermeable  to  chlorine  ionSj  but  that  the  sodium  ions  arc  exchanged  for 
hydrogen  ions  from  the  blond.  That  free  hydrogen  ions  are  present  in  Uic 
alkaline  blood  is,  however,  hardly  possible. 

Whether  jH/nneability  be  a  function  of  physical  or  cliemical  natuitj,  it 
is  obvious  th^it  in  Ukj  Kmm  of  a  living  ineiubraiiQ  thti  complex  to  vrhich 
the  term  "  phyt^itdogical  condition  "  ia  iippliecj  muBt  affect  the  pro|>erty, 
so  that  one  and  the  same  membranti  in  the  body  may,  nndtr  diilercnt 
circumstances,  be  mm^  fir  less  |>ermeAble  by  the  Banit?  Bub^tancc^ 

The  sim]ilcst  living  membrane  with  which  experiments  can  be  made 
is  probably  the  dit!crcntiatDd  outer  layer  of  the  protoplast  of  the  vege- 
table cell  {rUmiHihmtt^.  There  is  no  doubt  that  tlie  pernieabiltty  of  thin 
membrane  for  diflei-ent  cheiiucal  siibgtaiiGea  m  very  variable.  It  ig  ])ene- 
trated  l)y  some  dye-stuHs  but  not  by  others,  very  im|>ermeablc  to 
many  simple  salts,  though  easily  permeable  by  certain  complex  organic 
substances.*  Since  this  membrane  is  in  its  living  condition  so 
sliglitly  permeable  to  salts,  the  osmotic  ])ressure  within  vegetable  cells  is 
high  (o  to  4  atmos])heres).  This  special  relative  impermeability  to  salts 
is  obviously  regulated  in  some  manner  by  the  "  physiological  condition  " 
of  the  membrane.     Jansen  ^  found  that  the  cell  sap  of  the  alga,  Cliccto- 

^  Arrh.  f.  crpcr.  Path.  n.  PhamnakoJ.^  Leipzig,  1891,  Btl.  xxviii.  S.  210. 
-  Zlsrhr.  f.physikal.  Chrm.,  Leipzif;,  1890,  Bd.  vi.  S.  71. 
^Arch.f.  d.  (jcs.  Physiol.,  BoDn,  1896,  Bd.  Ixii.  S.  567. 

**  Pft'fl'er,  Ahhandl.  d.  malh.-phys,  CI.  d.  h,  sdchs,  Oesdlsch.  d.  Wissciisch.^  1890,  Bd. 
xvi.  S.  149. 

*  VerhaiidL  d.  k.  Akad.  t\   Wclcnsch.y  Amsterdam,  1888,  vol.  iv.  p.  345. 
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grnwiiig  in  sea  water,  is  pracbiailly  isosinntie  with  that  of 
i^WflyyTO,  gi'owiiig  ill  fresh  water;  though  the  nKinotic  |n  essui^  of  sea 
water  ia  Bome  240  times  that  of  fre^h.  Tliiis  tlie  osinotic  preasiire  of  the 
cell  sap  of  C/uBlomarphti  is  far  behjw  that  of  the  water  in  which  it  livea, 
while  that  of  the  sap  of  Spirogt^ra  is  far  al)ove  tliat  of  fresh  water. 

One  can  inveetigate  the  permealtility  of  the  hving  protoplast  hj  tlie 
plaamolytic  method  already  alhided  t**  ahovo.  The  cell  in  pbisiiiolysed 
with  a  solution  of  some  sulMaiice  iiiditlereiit  to  tlie  ]iroloi)kHia  iind  known 
not  to  penetrate  (sugar).  A  solution  of  the  Hubwtanee  ta  he  tested  is  now 
preparetl  of  the  same  osmotic  pressnre  as  the  srdution  of  indiflerent 
suli^tance  which  just  causes  phisniolysis.  If  tlie  sohition  si»  pre]iared  hiis 
exaetly  the  same  eflect  as  the  standard,  it  mnnot  pass  through  the  proto- 
plast, for,  if  it  did,  there  woidd  no  longer  he  e(|nahty  of  osmotic  pressure 
on  tlie  two  sides  thereof.  If  the  suhsUmcc  in  he  tested  is  only  slightly 
soluble  in  water,  or  is  poisonons  to  the  proto]>]asm,  a  small  aioount  of  it 
is  added  to  the  standard  inditforent  solution,  and  the  etl'eet  of  the 
addition  on  the  plasmolysiB  noted.  If  it  docs  not  pass  the  mend»rane, 
then,  by  virtue  of  the  higher  osmotic  pressure  due  to  its  addition,  the 
mixture  will  produce  more  plasmolysis  than  ditl  the  stitndjird  solution^ 
and  the  effect  will  lie  lasting.  If  no  effect  results  from  tlie  additinn,  it 
most  pass  quickly  through  the  nicmltrane  ;  if  a  passing  elTect,  with 
aubeequent  recovery,  it  nmst  pass  sh>\vly. 

In  this  way  Overton  ^  has  investigated  the  pernicidiility  of  the 
protoplast  by  a  number  of  chemical  substances,  and  finds  that  salts 
much  dissociated  ia  solution  hardly  pass  the  niemhnuie,  while  msniy 
complex  organic  bodies  rapidly  penetrate,  ami  that  the  presence  of 
certain  radicles  in  these  markedly  affects  the  result. 

In  animal  cells  investigations  are  rather  limited  (by  the  faet  that 
there  is  no  plasmolysis)  to  shrinkage  and  swelling  and  escape  of 
haemoglobin  (in  red  corposclesX  as  indices  of  permealjility,  under 
conditions  of  variation  of  osmotic  pressure  of  surrounding  sohitinns. 
More,  therefore^  is  known  about  the  permeability  of  the  red  corpuar'le 
than  any  other  cell.  A  table  of  substances  is  given  by  (hyns,"^  and  wc 
here  confine  oui-selvee  to  stating  that  red  corpuscles  are  ]»ermeable 
to  ui-ea,^  glycerin,  ethyl-  and  methyl -alcohol,  and  most  ammonium  salts 
(not  to  sulphate,  jihosphate,  and  thiocyanatc),  impermeable  to  sugars, 
aodinm  and  potassiimi  sidta,  liariuiu  and  ciLlcium  chlorides,  glyciii  and 
aaparagin. 

Thus,as  regards  action  on  red  bluod  cnr]niscles,  dilutiou  of  an  isosmiptie 
8o<lie  chloride  solution  with  urea  sohition  ]iroduces  tbe  .sann*  ctlect  as 
dilution  wuth  water,  because  the  nreadill'uses  at  once  into  the  interior  of 
the  corpuscle,  while,  on  the  other  hand,  addition  of  sugar  at  once  causes 
contraction  of  the  cell. 

Obviously,  therefore,  a  so-called  "liypei isotonic"  sohition  does  not 
neoeesarily  extract  water  from  a  cell,  and  al>sf)rj>tiftn  of  water  from  sueli 
a  solution  by  the  blood  may  be  a  purely  physical  action  J  f  the  substance 
in  solution  can  permeate  the  wall  separating  it  from  the  blood.  Again, 
a  di-ng,  by  making  the  wall  of  a  cell  less  permealde  by  virtue  of  its 
chemical  action  on  the  protoplasm,  may  markeilly  ad'eet  the  *'  water 
extracting  j»ower"  of  a  salt  solution.     Possibly  the  fact  that  some  salts 

^  ZtMhr, /.  phydkai.  Chem.^  he\\mg,  1897,  FSd.  x\ij.  8,  ]8n. 

«Xof.  ««,,  p,  102. 

*  Sec  *l»o  Schondorrr,  Arch,/.  tL  g^.*.  Pfnjitiol.,  Uout;,  131*6,  l^il.  Ixiii.  S.  192. 
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in  the  intestine  rge  (sodic  Bulpliate),  wliile  others  do  not  (eodic 
chloride),  may  in  tn  ;  end  find  \l^  i.^xpbt nation  in  a  permeabilitj  olf  the 
menibraiie  by  the  latter,  but  not  by  the  former.  A  uuiver8;i! 
**  physiological  nalt  olntion/'  then,  if  by  Rueh  a  term  is  meant  a  salt 
Bolution  in  which  tisf^ues  neither  lose  noi-  take  up  water,  and  the  dis- 
solved eubstancti  of  which  does  not  enter  the  cellE,  is  not  a  ^>ossibihty ; 
each  tissue  must  in  fact  have  its  own  "Dornial  solution/'^  and  this  may 
possibly  be  in  some  cases  a  solution  of  some  otlier  substance  than  a 
salt 

The  effective  oauiotie  pressure,  therefore,  exerted  against  membranes 
such  as  those  in  the  britly  which  arc,  an  a  rule,  partially  permeiible  to 
dissolved  substances,  is  far  below  that  measured  by  a  seniijiermeable 
membrane,    and    free, '  .        *  .     ^^^^^^  ^f   osmotic    pressures 

(determinations  which  full  osmotic  pressure  as  it 

would    be   exerted  ap  ile   membrane),  ar>i    of    but 

orienting  value   to   ^  jt  in  cases  where  the  per- 

meability of  the  men  in  solutiou  is  ki^own. 

The  frdlowing  tab  .trative  of  the  diminution  in 

the   cHtinuite  of  the  j  caused  by  substituting  a 

permeable  mendjrane  b  piper)  for  copper  feri'ucy- 

anide,  and  it  is  evidei  more  marked  in  the  case  of 

the  crystalloids  (saltx  \  that  of  the  c4-jlloid  (gum). 


m%  pep  cent.  SoluiLon  of 

1 

Gum  arable    . 
Cauc  Bitgar     . 

17 '9 
20*0 
20-1 

14-:i 

25*9 
2877 
700-0 

The  pressures  are  in  cms.  of  mercury. 

The  conditions,  then,  for  the  interchange  of  water  and  the  con- 
stituents of  solutions  through  membranes  in  the  body,  are  evidently 
exceedingly  complex,  and  it  is  at  present  practically  impossible  to  assess 
the  value  of  all  the  factors.  Broadly  stated,  the  following  factors  are 
concerned  : — 

1.  The  ([uantitative  composition  of  the  solutions  separated  by  the 
meml)rane,  and  consequently  the  partial  osmotic  pressure  exerted  by  the 
several  constituents. 

2.  The  coefficients  of  diffusion  of  the  various  constituents. 

?).  The  perineal )ility  of  the  membrane  in  its  physiological  condition 
to  the  constituents. 

4.  The  circumstances  affecting  the  relative  concentrations  of  a 
constituent  on  the  two  sides  of  the  membrane  with  time,  e.g.  circulation 
and  stirring. 

5.  The  liydrostatic  pressure  on  the  two  sides  of  the  membrane. 
G.  The  temperature. 

The  paitial  osmotic  ])ressure  of  the  constituents  of  a  solution  is 
obtainable   from   a  quantitative  analysis,  if  the  molecular  weight  and 

^  Kof'ppp,  Arch.f.  il.  gcs.  J'hysioL,  Bonn,  1807,  Bd.  Ixv.  S.  402. 
-  "  Osniotischc  Uutersuch.,"  Leipzig,  1877,  S.  73. 
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coetficieiit  (in  Ciisi^  of  electrolytes)  is  known.  If  the 
moleciilar  weight  is  nut  known,  tia  in  tliB  case  of  proteidg,  tlie  snlustiince 
must  be  removed  from  the  si»lution,  and  the  ditlereaee  in  the  toUil 
osmotic  pressure  so  prodiieeJ  estimated. 

The  cijefficients  of  dill'Timoii  must  be  obtained  vinder  the  special 
couditioDs  {cjj.  dirtusioo  into  sennn,  ete.> 

The  permeability  of  the  iiieinbrane  to  disHulvtMi  sulmtances,  one  r»f 
the  maet  im|wjrttint  faetois,  and  one  ;^feiierally  Jint  capable  of  accurate 
estimation^  will  not  only  adeet  the  passiiifi*  of  waU*r  and  diHwuhL^d  Hub- 
Btanoes  aeross  the  ineiobrane  by  osmotic  action,  but  alno  the  hydrostatic 
proooure  necesiwiry  to  caase  filtration. 

We  shall  here  content  faii'sclveB  with  ccmmderin<^  a  simph*  hat  astial 
case  of  abeorptixn  of  a  ^oUitiun  by  bkuKl,  ijiiiuely,  one  in  wbitdr  the 
QSmutic  pressure  of  tlie  Holatimi  h  Icjwer  tlian  that  nf  the  blood.  an<l  the 
membrane  septnitin*^  the  twij  i>ernieablc  tn  the  sabstaiice  in  solution, 
ami  to  one  at  lef*«t  of  the  coastiLueutH  of  the  l>lnoih  Init  imjierau^ablc  to 
others.  For  convenience  the  dissolved  BvdLstance  is  called  .c,  and  that 
ODiiBtituent  of  the  blood  to  which  the  lactubranc  is  penneal^le,  ;//.  The 
bloody  by  virtue  of  ita  saiieriur  osmotic  jirpssan',  ti'tals  to  take  up  water 
from  the  sohition.aad  at  the  ^imv  tinier  dilVases  tbiua^di  the  membraru' 
into  the  blocRl,  and  //  into  tlie  Kobiliun.  If  tlu'  bliind  be  tirnt  wuppoRiMl 
to  be  stationary,  a  time  is  arrived  at  when  the  jiailial  prcsBure  of  .r  ami 
y  La  the  same  on  either  side  of  the  nieinbraue ;  in  other  words,  thia 
solution  of  J!  and  y  is  now  the  *'siilvent"  in  an  osmotic  experiment,  and 
the  subetance.s  in  the  blood  h*  wliich  the  nu^nibraiie  is  im]>eriaeab]c  are 
the  "diseolved  gabstances/'  The  whole  of  ,i\  of  //,  anil  the  water  ftf  the 
original  solation,  must  therefore  in  tla^  end  be  abstabcd.'  If  the  [»l<MKh 
however,  is  eireidated,  the  conditions  fiir  absiaption  are  at  oocc  iaiprnvt  d, 
for  the  ditriiBion  of  x  into  the  blood  is  favotireil  by  the  fact  that  its 
{lartial  pressure  in  the  blood  is  kept  low  l»y  renewed  supjiies  of  blood, 
bv  the  jstirring  action  of  the  corpuscles  prcveatin;^f  tlu'  birmatioa  irf 
**  wall  layers,"  and  by  tlie  fact  timt  cells  lit  (jtla-r  pails  <if  the  body  are 
enabled  to  t.^tke  \i\*  tire  .«ubatanre  as  it  is  brouf^bt  round.  It  is  alsi> 
evident  from  the  above  that  if,  as  a  rare  rase,  the  snlution  had  a  !iijj;her 
osmotic  pressure  than  the  blood,  pro\  idcrl  (udy  the  nRUobraac  .sc»parutiug 
the  two  i«  permeable  to  the  dissolved  substance,  ami  imj>ermeable  to 
some  eonstituentH  of  the  bloml,  wlieii  onc(i  the  sohition  tias  taken  uj* 
enough  water  from  the  blood,  and  lost  rnoiiL^h  of  its  dissnlvt'd  sabatance 
to  the  blood,  to  lower  its  osruotie  }in'ssarc  to  lliat  of  \\\{\  bhMMl.  \\\v, 
pruc^ese  de8crit»ed  above  is  gone  tinnu^b,  and  it  is  in  the  end  all 
obeorbed. 

For  Buch  absorption  to  be  carried  out  cnniplctLly,  it  is  evident  tliat 
the  osmotic  pressure  i)f  those  constituents  nf  the  !>lofN:l  to  which  the 
membrane  and  capillary  wall  are  not  perna^able,  niust  extend  the 
pressure  necessary  to  cause  filtration  m  rnss  tlte  same  structures,  bu'  if 
the  available  osmotic  pressure  on  the  inner  side  (»f  the  capillary  wall  is 
leas  than  the  dilTerence  between  the  hydiitstatic  lacssurc  on  the  two 
sides  of  the  membrane,  filtration  must  orcur,  iuid  the  solnti+xn  ran  iievtr 
be  totally  absorbed. 

The  assumption  is  here  made  that  the  resistance  li>  thr'  passage  wi 
fluid  across  the  membrane  is  ttie  sjime  in  )>utli  directions.     It  must  be 

*  For  this  ex  plan  a  ti  on  to  IkjM  ^ornl,  tla-  wuliHUinLfH  in  ihe  Moml  to  wliii;  li  tlir  riii'TiilniiiiL' 
i»  imprmciiblo  uiust  be  ti)  tmo  nolutiriii,  and  cajtAlilu  thejctore  oCoxiTtiiig  uHiimtu^  pii'ssTUf. 
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noted,  however,  t  animal  membranes  are  known  in  which  the 
resistance  to  the  pas  sage  of  Huid  is  quite  different  in  ojjposite  direcUona 
The  most  familij  r  example  is  the  shell  mend>rane  of  the  %%g,  which 
permits  filtration  far  more  easily  from  within  outwards  than  in  the 
reverse  direction,^  and  the  same  is  true  of  the  skin  of  the  frog.* 

FjLTRATtOK 

By  filtratii  »ii  is  ir  eant  the  passage  of  fluid  through  a  membrane,  as  a 
result  of  a  diflerenee  of  hydrostatic  pressure  on  the  two  sides*  To  fi  I  t4?r 
water  from  a  f^f»lutiou  across  a  membrane  into  another  solntion,  the 
difference  bet\veen  the  hydrostatic  pressures  cm  the  two  sides  miist 
exceed  the  difl'crence  1  '  ►ressurcs  of  the  solutions,  in 

the  case  where  the  hig  'ostatic  pressures  are  on  the 

same  side.      If  a  por  mii permeable  merabrane    is 

filled  with  a  Bohition  pure  solvent,  the  pressure 

necessary  to  produce  at  from  the  solution  is  one 

just  exceeding  the  ft  the  solution  ;  but  where  w*e 

deal  with  pertneable  in  tlie  bod}',  the  ntM^essary 

pressure  is  far  less,  b^  of  osmotic  pressure  on  the 

two  sides  of  tht^  men  he  diffusion  ot  some  of  the 

dissolved  subst-uice. 

Experiments  on  till  .unal  membranes  appear  to  have 

given  very  con  trad  ietory  rei  ^eems  to  be  due  to  the  fact  that 

not  only  doe.^  eontinuetl  press'un:;  upon  such  membranes  vary  their 
permeability,  Init  a  certain  amount  nf  "recovery"  takes  place  in  the 
intervals  betw<4tn  uhd  ;  hence  the  conditions  of  the  membranes  have  been 
by  no  means  uuifonu  in  the  Bxperimenta  of  diJferent  oliaervers. 

If  the  passa;^!.^  of  fluid  tln*ough  an  aninial  membnme  is  by  more  or 
less  tortuous  paths,  and  if  the  wails  of  these  are  more  or  less  elastic,  it 
is  ol)vious,  not  only  that  by  continued  pressure  must  the  resistance  to 
filtration  rise,  but  that  on  removal  of  the  pressure  a  slow  "  recovery  "  will 
take  place.  Deformation  of  the  membrane,  if  simply  tied  over  a  tube, 
nuist  also,  unless  it  is  properly  supported,  tend  to  distort  channels  and 
so  increase  resistance  to  filtration.  To  these  sources  of  difference  in  the 
experiments  must  be  added,  previous  drying  of  the  membrane  or  not, 
the  c()nditi(m  of  imbibition  of  the  fibrous  tissue,  and  temperature 
variations.  All  these  sources  of  differences  are,  moreover,  accentuated 
by  the  fact  that  most  of  the  experiments  have  been  made  with  thick 
membranes,  such  as  pericardium,  bladder,  intestine,  and  ureter. 

Nearly  all  who  have  studied  filtration  have  found  that  at  constant 
pressure  the  amount  of  the  filtrate  falls  off  with  time,*  but,  as  pointed 
out  l)y  Tigerstedt  and  Santesson,*  this  falling  off  is  far  more  rapid  in  the 
earlier  liours  of  an  experiment  than  later,  so  that  it  is  advisable  in  all 
such  experiments  on  filtration  to  expose  the  meml)rane  to  pressure  for 

^  Meckel  (luoted  l>y  Ranke,  "  Physiologie  de.s  Meiiselieii,"  1872,  S.  122. 

-  Ciiiia,  Mnn.  d.  Accnd.  di  Torino,  1853,  vol.  xiii.;  Reid,  Journ.  Physiol. ^  Cambridge 
and  London,  1S90,  vol.  xi.  p.  312. 

^  Lieliig,  "  Untersuch.  ii.  einige  Ursaclien  der  Siiftcbewegiing  im  thierischen  Organismus, " 
Braunsehweig,  1818,  S.  7  ;  Ikilr.  z.  Anat.  u.  Physiol.  (Eckhard),  Giesscn,  1858,  Bd.  i.  S. 
95  ;  Runeberg,  Arch.  d.  Hiilk.,  Leipzig,  1876,  Bd.  xviii.  S.  58  ;  VioXiw &[t,  Zlschr.  f.physiol. 
Chem.,  Strassburg,  1880,  Bd.  iv.  S.  423  ;  v.  Regeczy,  Arch.f.  d.  ges.  Physiol.,  Bonn,  1883 
Bd.  XXX.  S.  544. 

*  Pijhanr/.  till  k,  Svms.  FeL-Akad.,  Stockholm,  1880^  Bd.  xi.,  No.  2. 
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m&QT  hours  before  t!\e  nhaervatioiia  are  conducterl,  and  the  stage  of 
relativelj  constant  rapiiUty  of  filtnibirjii  (a  uniform  mto  is  never  actually 
attaineil)  is  reached  quicker  at  hijjher  than  at  lower  pressure.  This 
phenomenon  is  nut  due  to  any  &tnj»ping  of  pores  by  particlcB  suspended 
in  the  fluids,  since  it  \%  not  noted  when  filtration  is  ejected  tfi rough 
onglAzed  porcelain,  and  is  probably  simply  a  result  uf  eompreHsion  of 
tortuous  channels. 

Tlie  quantity  of  liltrate  ri^cs  witli  tlie  piv.sHure,  but  in  lower  ratio. 
Thus,  in  an  experiment  by  Tigerntedt  jiud  Santesson  *  of  filtrsition  of 
distilled  water  thmu^^fh  guldbeaters  skin  (seiosii   of  ox-gul),  whielj  liad 
preWously  l»een  L^xixised  far  95  bours  to  a  laessme  uf  *S0  ema,  uf  water. 


Presiurt*. 

riUmt«  |H-r  MinuLe  if 

20  cm. 
40     ., 
00    .. 

ao  „ 

'049  grtii. 
•OS!     ,, 

'048  ifrm. 
•0f»2    ,, 
■133    „ 

The  experiments  of  Wililndd  Schmidt^  allowed  a  citntrary  result, 
t-^.  that  the  filtration  rapidity  increaHed  fit  a  higher  ratirt  tli:Ln  the 
pressure  (p^jsaibly  due  to  using  dried  membranes,  the  puren  of  winch 
were  opened  during  experinu'nfc),  as  also  did  tboae  u\  v.  Itegrezy.^ 

A  peric»d  of  rest,  interyw dated  between  two  filtration  t experiments  at 
the  same  pressure,  is  found  to  often  cau.sc  an  inereast'  of  thu  pcrnieability 
of  the  membrane  above  tlie  value  il  possessed  at  tbc  time  of  tiiH- 
oontimiing  the  first  experiment  (Mckhiud,  Hunebi*ig.  Tigerstedt  and 
Sante8Son). 

llnin  Tigerstedt  and  Sant^^ssiui,*  in  a  iiltratiun  uf  distillcil  water 
Ihrough  gold-licatcr's  skin  at  40  cith  pressure,  observed  a  liltrate  of 
•490  grm,  jK^r  minute,  but  after  a  resting  [M^ricnl  nf  TiMtJ'  the  liltrate  at 
the  same  pre^^sure  was  577  grm.  |:>cr  nnnutc.  Itul  whdher  or  nttl  this 
pheiiunienon  is  observed,  is  ]>rol>abIy  iIik*  to  wlictlier  or  not  the  elastic 
limits  of  tlie  tibrea  have  been  passed,  **  recovery '*  nut  being  jiossible  if 
the  membrane  bafi  heen  excessively  stretched.  The  inter] lolation  of  a 
jjerifid  of  filtration  at  lower  pressure  of  cfairH**  juoduees  the  same  elffet/* 

The  rapidity  of  liitration  rises  with  the  trmjK^ratiuc,"  and,  axrordiug 
to  Schmidt,  the  iempcniture  roi.*f!ieicnt  is  nearly  that  (if  rotseuille,  f(*r 
the  flow  of  fluids  in  ea.pillary  tubes. 

The  nature  of  the  solution  to  lie  liltercd  must  obvimisly  affect 
hoth  the  rapidity  of  filtratiun,  from  *lil1"crenees  in  viscusily,  and  alsu 
the  quantitative  eomposition  of  the  flltrate  in  relation  tu  that  of  the 
OTiginal  fiolutiun. 

The  folluwing  exjieriment  from  Tigerstedt  and  Santcssun "  may  be 
quoted  in  evidence  of  the  first  |xiint : — 


»  Lot,  ciL,  p.  31. 
d.  Phi 


ISIJK  licL  cxiv.  8.  337. 


^  Ann,  d,  fhys.  u.  Clum,,  T^ipzig,  1856,  B<1  xoix.  8.  337  ; 

*ScUiiiidt,  ioc*  eii,  ;  Eckhurd,  ioc.  tii.  ;  Luwy,  Ziarhr.  f.  pht/moi.   Vhrm,,  Straswbiirg, 

\m,  Bd.  ix.  S.  687. 

^L9C.cii,,p,  42. 
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1.  Egg  cUbumin—i'.     per  cent*  proteids  ;  pres^sure,  32 '5  I'm.;  goldbeater's  skin* 

(Filtrate  pel  luitmte  in  giiiis  ,   820,    051,    COS,    003,   §02,"  0a2.) 

2.  Ox  serum — 4'5  perciMiL  proteida  ;  pressure^  30*5  to  34  tm. ;  goldbeater's  skin. 

(i^'iltmtii  Jj^r  minute  in  f^mts-,  2'58<i,  1-:j94»  1000,  '812,) 

In  neither  tase  had  the  inenihrane  heeu  j>reviouBly  stretched. 

According  t*>  Grctwalt,'  the  Beruiii  alburuiii  of  Idood  f^ruiii  filt^^ra 
through  a  im^ter  mure  easily  tljan  the  j^loijuliiL  jMartiii  -  ha«  shown 
that  homogen^'ou^  in 'inhranes  uf  gtdatfn  and  frtdatinuns  silirjo  auid  furm 
filters  imperitu'able  to  solutirais  uf  many  t'oUoiti^,  Imt  aa  pernieaLdtf 
to  certain  cry.stalhjiiU  as  to  water* 

The  relation  of  tlie  cnnfcntration  of  the  filtrate  to  that  uf  the 
original  solutitni  is  jjerluiuts  the  most  iiiiDort^nt  yinint  to  the  jthy.siitln- 
gist  in  the  ni:itter  of  inial  niemhiauey.     Theit?  is 

general  agi^eeun-^iit  that  ysialloids  the  cuiictnitration 

of  the  filtrate-  i;^  verr  original   solution,  and  this 

appears  to  oIjIujh   at  i  presf^nrea^     There  i«  al^o 

general  agreeioeut  th  idst  the  run  centra  tion  of  tlie 

filtrate  is  alwtyH  less  al  f?idiitiun,*    But  as  regards 

the   effect   of   pre^sur  >n   of  a  culloid  liltrate.  the 

results  of  dillerent  u  ^Cijrdanec-       llTUielierg^  hiig 

maintained  tlyjt  the  filtrate  is    hi^dier  at    lower 

than  at  highci    presmi  table,  taken  fronj  Ids  later 

paper,^  is  iilusirMtive  :- 

Fi'psh  Shrrjt*!^  ffitfi*iifi^—Affrific  Flnh^  (rtrniJafffJ)  holding 
3*72  per  end,  of  Pn^ffida. 


Time. 


8  I'.M.  to  8.15  A,M, 
8.15  A.M.  to  2.15  l-.M. 
2.15  P.M.  to  8.1fi  r.M, 


8.50  i\M.  to  8.50  A.M. 
8.50  A.M.  to  3.0  P.M. 


4.0  P.M.  to  7..".n  P.M. 
7.-'i<>  P.M.  to  9.;i()  A.M. 


10.15  A.M.  to  2.15  P.M. 
2'15  P.M.  to  (5.15  P.M. 


7.0  P.M.  to  O.aO  P.M. 

0.30  P.M.   to  .S.15  A.M. 


of  nuitl. 


FiltmlJ!?  per  hour 


Per  C?etit.  AllHiiiiiii 


1*0 


30 


90 


30 


90 


in  artiut. 

Iti  rutmle. 

1  84 

t^M 

1  'i^h 

i-m 

1  B7 

1"60 

1-29 

2  02 

1-52 

212 

7-30 

1-44 

3-60 

1-26 

2-89 

2-42 

3-56 

2-60 

0-70 

1-84 

(i-21 

1-68 

'  Lor.  <:it.  -  Journ.  I'lnfsioL,  CaiiiLiidge  and  London,  1896,  vol.  xx.  p.  364. 

"'  Schmidt.  nifM,  .s<»dif  chloride,  and  potjissiuni  nitrate,  ylnn.  d.  Phys.  ti.  Chan., 
Leipzig,  ism,  lid.  cxiv.  S.  391. 

■*  Schmidt,  lor.  rit.,  <<um  and  alhinnin  through  ox-pericardinm  ;  Ho]>])e-Seylcr,  Vircli(ykcs 
Arr/tir,  1S50.  lid.  ix.  S.  245,  l)lood->eium  tlirongli  ureter;  Kuneherg,  loc.  cit.,  gnt, 
ureter,  nnd  ]>lenral  memhrane,  witli  serum,  ascitic,  and  ]ih*uritic  fluids;  CJottwalt,  loc.  cit., 
egg  alhundn,  hydrocele  fluid,  seiuni,  and  parovarian  cyst  fluid  through  ureter. 

^  Loc.  cit.     "  ''  /Jsrhr.f.  ]>hysioL  Chrm.,  Strasshurg,  1882,  T>d.  vi.  S.  508. 
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On  the  other  biiKl,  tiif  olikT  extHniuR-iitK  of  Sclnnitk  ^  with  giim 
and  albumiD  gave  quite  upiHisito  results  ;  tliviH  (ji.  3(14  uf  hSOl  paper) — 

Albumin  ihroufjh  Ux  t*ericanlium. 


i 

•      M  *  fttratum  of  i>n>rinBi 
■Solution  per  Cent* 

I'rt'^Hnrv. 

FVriVnL  Alhtnniri  in  Ultrate. 

Vff  L'fiiL  AllMiniin  in  t>rigiiml 

Solution. 

V^ 

i           220  iiini. 
(          120  mm. 

7037 
•6638 

3  5 

1           220  iifciih 
[           liO  111  111. 

■7050 

And  the  experiments  of  Gottwalt-  and  v.  \\<*^^vviy'^  imr  in  a^reeiueiit 
with  thuee  of  Schmidt, 

Aec#trdin^  t^i  Lr»wy,*  who  ijltered  seruiii  and  e^^jj;  nlhuniin  .scphitinns 
through  pig's  hhtdder  at  (.'nuHtaiit  prrssiire,  rise;  nf  teniperatnre  a  Herts 
the  qiiAiitity  of  the  organic  sulids  Hlteiin^f  more  tliaii  the  ini>r^r;iiiit\  iitul 
such  alight  tejuxierature  ehau^es  as  freni  Vri-'i  U\  41  ■"»  C.  fiave  a  distiiiet 
dSfoci. 

It  is  therefore  eviihid.  that  our  kiiowledi^e  i»f  tlie  plu'mnneiia  nf  filtra- 
tion through  aniuial  UienihnnuiH  is  at  ]>ri'Si*nt  very  rrstrieted,  and  it  in 
erf  course  impnssihle  to  direetly  \\y\Ay  the  resnh,H  nf  Un'  afN>\e  oliservern 
to  filtration^  in  the  living  body,  Nn  experimenls,  perhsifm,  have  more 
diearlj  pointed  out  the  dilfereuee  l»et\veen  a  dead  and  Hvin^^  Niter  than 
thoee  of  Tigerntcilt  and  Sautessnn  -'  with  the  frtig's  hnig.  A  fresh  frog's 
lang,  filled  with  6  per  ecnt.  Rodie  chloritle  scJutinn,  will  stand  a  |>reMsnre 
of  aome  K5  or  14  mm.  of  uiereury  willmnt  filleriiig  f(tr  many  hnurs  ; 
beating  in  water  at  54  ( '.,  nr  treiitnieut  with  weak  aeetie  aeid,  IV^^g't^  hile, 
weak  84^»die  hydrates  or  distilled  water,  at  nuee,  ln*wevei^  (presnmahly  hy 
lolling  the  colls),  allows  iiltratinn.  Leher/*  in<ireover,  slmweil  that  the 
fresh  conieii,  proviHed  the  epithelium  of  the  memlmme  t>f  Ueseemet  ih 
intact,  will  Rt^aod  a  preBSure  nf  1^00  inin,  ui  inereury,  \\\\i  at  oiiee 
allows  filtratinn  to  oeeur  when  the  epithrlitnn  is  reimived.  the  tissue 
of  tiie  eijrnea  itself  nllnwing  thiid  to  ]>ass. 

It  must  he  ennfessed  tluit  experinii^iils  on  living  nn'mhnines  (and 
these  alone)  ean  give  any  infnrmation  of  real  vahn*;  iiiid,  I'urUn^rninre,  it 
must  be  remembered  that  tiltratinns  in  the  body  are,  as  a  rule,  aeenni- 
panied  l>y  osruntic  pbenomeTia,  sint  e  tiltratinii  must  nearly  always  occur 
from  one  8rjlnti*>n  into  another,  and  nr»t  intrj  air,  as  in  nmst  exprrina^rds. 
In  concluding  this  article,  a  word  mast  he  saiil  with  regard  tn  the 
theory  tlmt  in  stuue  eases  the  ecdls  ui  \i  part  htke  snme  aelive  part  in 
moving  solutions  across  membranes.  .Sn  little  is  known  of  cell  meebanies, 
that  if  such  a  process  dries  take  place  we  have  certainly  no  conception 
of  ita  moilus  operandi,  and  it  is  at  least  probalile  that  a  ]>rneess  con- 
sidere*!  to-ilay  aB  a  "vital  action"  may  in  the  t'ntnre  becftrm'  cajndih* 
of  a  simpler  explanation.     CerUunly,  if  the  sfinie  sohili(>n  is  placed  on 

*  Lof.  rii.  *  Loc.  Hi,  ^  Loc.  ril,  ^  L*»*\  <'if.  *  Lot',  rif, 

*  Arch,/.  Ophih.,  liC'ipig,  1S73,  BJ.  xix.  ATah.  "J,  S,  IlT., 
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either  side  of  a  living  membrane,  and  a  current  is  foimd  to  pass  from 
one  side  to  the  other,  when  the  possibilities  of  filtration  and  electro- 
osmose  are  excluded,  we  have  no  physical  explanation.  Thus  Heiden- 
haiii  ^  has  demonstrated  that  serum  is  absorbed  by  the  intestine.  The 
pressure  in  the  gut  in  relation  to  that  in  the  capillaries,  it  is  true,  was 
not  measured,  and  the  serum  was  not  the  animal's  own  serum,  yet  these 
objections  are  not  of  great  force,  especially  the  former,  since  an  excess 
of  pressure  in  the  intestine  would  probably  cause  collapse  of  the  capil- 
laries or  venules.^  It  is  absurd  to  maintain  that  the  motion  of  the 
blood  in  the  capillaries  aspirates  the  serum  through  the  epithelium, 
l)eeause  the  rate  of  the  blood  stream  is  too  slow  to  have  any  appreciable 
ellect  in  this  direction,  and  weak  salt  solution  is  moved  across  exsected 
and  still  livini^  gut  with  equality  of  pressure  on  the  two  sides  and  no 
stream."'^ 

This  class  of  absorption  experiment  appears  to  be  the  only  one  in 
which  it  is  justifiable  to  speak  of  "  vital  action,"  for  differences  in  the 
ratios  of  ''  difVusion "  of  two  substances  into  serum  outside  the  body, 
and  in  the  cavities  thereof,  are,  'per  se,  no  proof  of  such  action,  since,  as 
has  been  already  indicated,  the  ])hysical  permeability  of  membranes 
dillers  much  to  one  and  the  same  substance  ;  and  again,  the  fact  that  a 
drug  all'ects  the  rate  of  absorption  of  a  8ul)8tance,  after  exclusion  of  the 
action  of  that  drug  (if  any)  on  the  circulation,  is  as  well  (and  as  little) 
ex])laiued  ])y  stating  that  the  permeal.)ility  of  the  membrane  is  altered 
])y  its  c(»nihiiiation  with  the  drug,  as  by  stating  that  the  activity  of  the 
cells  is  aribcted. 

In  s]>ito  of  the  magniticent  labours  of  Dutrochet,  Graham,  Pfeffer, 
van  't  HolV,  and  Arrhenius,  the  enigma  of  the  j)hysical  chemistry  of 
])rotoi)lasiu  in  many  c^ses  still  ])uts  a  limit  to  the  ])liysiologist'8  concep- 
tion of  the  iikmIc  of  motion  of  lluids  through  the  membranes  and  cells 
of  [hit  Ijody. 

'  Arrh.f.  <l.  ii^-s.  r/n/sio/.,  Bomi,  1804,  15(1.  Ivi.  S.  C>70. 

-  Tlir  aiitlinr  lias  ivpeatcd  Iloidonliiiiirs  exixjiiinont,  usinff  the  aniniars  own  senim,  ami 
mcasmiiiLC  \\i(:  prtssun-  in  t\\o  gut,  and  in  a  nu'sonteric  vein  tlirou<<liont.  Active  absorption 
occurs,  ol  tlic  watci',  of  tlu"  or«j^anic,  and  of  the  inoif^'anie  solids  of  the  serum,  when  the 
jtrcssnic  ill  the  i^ut  is  far  hclow  that  in  a  uics^'utei ie  vein,  and  when  aU  the  laeteals  leaving 
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The  PKODUcnoN  of  Lyhfil 

IMs  spleen  is  the  nnly  i>art  of  the  hody  where  the  bludd  (Mjinen  in  actual 
contact  with  the  living  cell;^  of  the  tLsBue.  In  all  ^itlier  |*jutH  of  tl)e 
body  the  hlowl  tluwB  in  wipillarieB  witli  definite  walls  conrtistiu^  of  a 
vagle  layer  of  cellB,  and  is  thuH  separated  from  the  ti.ssue  eliMiiL^rdH  hy 
tfacM  waJls  and  hy  a  varying  thieknrWM  of  ti.ssue.  All  tht;  intersticeH  uf 
the  tissues  are  filled  with  a  Huid,  lynijih,^  wldeh  than  acts  as  an  inter- 
mediary Ijetween  hlood  and  tissues.  The  tissue  .s|wiees,  which  are  filled 
with  lympli,  are  always  found  in  association  with  eonnective  tij^sue. 
They  have  an  incomplete  lininj^:  of  endothelial  cells,  iUid  are  crjnneeted 
with  definite  ehanneln,  lymphatics,  hy  which  any  excess  (if  11  aid  in  Uie 
piirt  is  di'ained  f>ff.  The  lyniplKitics  all  ran  towards  the  clnjst,  where 
thoBe  from  the  lower  limbs  as  well  ns  frnui  the  viscera  j^pin  to  form 
a  large  vessel,  the  rfxeptaculifm  rhf/li,  which  is  cuntinued  into  tlie 
diefit  as  the  thoracic  duct.  This  runs  on  the  left  side  of  the  o-so- 
pbagus,  to  ojien  into  the  large  veins  at  the  junction  uf  the  left  iidernal 
jugiilar  with  the  subclavian  vein.  A  small  vessel  on  the  ri^^ht  siile 
drains  the  lymph  from  the  ri^dit  upper  extremity  and  siile  tif  the 
chest 

Lyrnph  may  be  collected  for  exstrninfition  hy  placin^^  a  Ctiunula  in 
one  of  the  main  lymphatiejs  of  a  limh,  ami  inducing  a  Ihiw  hy  move- 
ments of  kneading  and  niaBsage,  from  the  lymphatic  duct  of  the  neck,  or 
from  the  thoracic  duct.  Since,  moreover,  the  serous  cavities  of  the  }>leura, 
Iterit^jueuni,  pericardium,  and  tunica  vagimilis  are  in  fr(*c  communication 
with  tlie  lymphatic  system,  any  fluid  which  is  normally  inund  in  tln^n 
may  be  looked  tqion  as  lym]ih.  Tht^  varifHis  analyses  of  lynj|>h  tliat 
have  l>een  made,  show  that  its  compositirm  anny  vary  ttajsiderably 
according  to  the  locality  from  which  it  is  derived  and  the  circumstances 
under  which  it  is  obtained.  Certain  geutual  cliaructerislics  are,  liow- 
=»ver,  comDion  to  all  specuneus  of  Iym]fh.  It  is  always  slightly  nlkaline, 
ad  clots  spontaneously  at  a  variable  tiiue  after  it  Ijeis  left  tlu*  vessels, 

'  Adler  and  Melt/,er  (Journ.  Exp^r.  Med.,  lSiiltiiiiorc\  ISUtJ,  vol.  i,  Ko.  :j;i  draw  a  slKUp 
distinction  between  the  hitci^titial  fluid  of  tlie  tiasuc  a^Mit'Cs,  and  thy  lyitijili  olitaiutd  ham 
he  lympliaticft  which  drain  these  upacea. 
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forming  a  colouii.  b  clot  nf  fibrin,  lb  contaiixi^  from  2  to  8  parts 
per  100  of  Bolida,  i  which  ^iliimt  1  per  ctniL  cunHiftts  of  iBorgamc 
salts,  while  the  r(^st  m  made  up  ehielly  of  j^rotc^ids.  The  prot-eid^  are 
similar  to  those  of  t  le  hI<Jod  plaj^iim;  and  it  Betutif^  that  tlie  process  of 
clotting  is  identical  in  the  two  tlaitls.  Tlie  suilts  vary  vtirj  little  in 
different  samples  <4'  ;yiiiph,  and  are  ^i^uerally  dej^erilK^d  as  being  pressent 
in  exactly  the  sanje  |ini]>ortioiis  an  iu  tlio  hlnud  pla^^ina  froia  whiili  the 
analysed  specimen  »f  lymph  was  deriviKl.  *  llauihtirgtT  has  reeeiitly 
called  attention  to  I  le  ^^xiHteIl^'^'  of  oiiuute  ditfereiu'eB  r^f  enra]jf»Hition  in 
the  salts  of  the  twi>  IhiLdi*,  and  tliis  diflereoi'e  nuty  In-  eredilily  as€nl*ed 
to  chemical  changrs  ullbckd  iu  i\\M.  lymph  hy  liie  tii^suuH  over  which  it 
has  flowed.     All  specimens  of  lymph  cootiun  leucwyt^:>ii,  chicslly  of  the 


small  uninuclear  www 
lyni})!!  has  passed  \\\v\ 
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exudes  through  the  c 


I  gi'eatcT  muidiprw  after  the 
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iind  in  the  article  ou  lymph 

li*luor  sanguiiiiB  iind  lymph 
an  ]>art  of  tfie  plasma  wliich 

II  the  ti^Ruo  elements,  and  ib 
c  duct  to  he  returned  again 


collected  by  the  lyinf 
to  the  blood. 

Forces  involved  a,— Older  theories.— As    to 

the  forces  involved  in  .a*i    ibii  use  of  thi.s  tiuid  in  the 

functions  of  the  budy,  tlie  i  vieWH  have  been  held.    Asellius/ 

who  dLscovered  tlie  lacte^UJ^  m  it>22,  thought  that  these  duct« 
carried    the    food.stuIVs    from   the    iutestiTiew   to   the   liver   to   he   there 

elaborated  into  bl 1.     In  order  to  explain  the  tillin)^  of  tlie  lacteals 

from  the  intestines,  Awellius  invoked  the  aid  of  the  eomplicated 
mechanism  which  bad  already  lieeu  imagined  hy  Avieenna  tf)  aetrouut 
for  the  filling  of  the  niesenteric  veins.  He  explained  the  passage  of 
chyle  to  the  liver  \m  duct  jij:a'tly  to  the  intestinal  loovements  anfl  partly 
to  the  suction-actinM  of  the  Ijloud  veasela  and  of  the  liver  itself.  The 
chief  factor  howevt'r  was,  according  tf^  him,  the  Huetion-action  exerted 
])y  the  o})en  mouths  uf  tlie  jaeteals  themeielve^,  and  he  compares  the 
latter  to  leeclies,  wliieh  suck  Irbiod  frrnu  any  snrface  to  winch  they  are 
applied.  Tliis  thenry  was  overthrown  liy  Pec<piet^  by  the  discovery  of 
the  connection  of  the  lacteals  witfi  the  thoracic  rluot  and  through  this 
with  the  veuijus  nystenh  Tlic  general  lymjihatics  were  diiscovered 
])y  Rudb(K'k-^  and  Jturthfdin  *  alnmst  sinmltsineousl)'.  In  tliese  authors 
we  meet  with  th*^  linst  cont*e|>fcion  of  lynijili  apart  from  absorbed 
food.stutVs  ;  moreover,  Bartliidin,  Jis^uming  that  thin  lymph  is  formed 
from  the  blood,  discusses  the  possible  ways  by  which  the  tiuid  could 
get  from  blood  vessels  to  lymphatics.  He  thinks  it  possible  that 
there  may  Ije  a  direct  comnumication  between  lymphatics  and  blood 
vessels,  l)ut  is  more  inclined  to  the  view  that  the  communication  is 
indirect  ])y  means  of  the  parenchyma  of  the  organs.  Failing  to  remark 
what  KiKlbeck  had  already  noticed,  namely,  that  the  lymph  had  a  salt 
taste,  and  like  ])lood  clotted  spontaneously,  lie  (lcscril)es  the  lymph  as 
pure    water,   and    imagines    that    from    tlie    blood    vessels    there   is    a 

'  "  I)e  lactibiis  sive  lacteis  veiiis,"  liascl,  1028. 

-  "  Experimcnta  nova  anatoniica,*'  Paris,  1654. 

2  '*Nova  excrcitatio  anatoinica,  etc."  1053. 

•*  "  Vasa  lyinpliatica  nuper  in  animantibiis  inventa,"  Hafniaj,  1653. 
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traQsutliitiou  uf  water  wirrvinir  yuliiLs  in  HdliitiMn,  the  solids  l>eing  taken 
iiji  l»y  the  tissues,  uiiil  the  yww  waU^y  whieh  is  left  over  returned  hy 
the  lymithatic^  tu  tlie  Muuil.  We  ^'et  here  thf  tir,st  eorieejitiuii  of  tlie 
irr^jatiuii  theory  of  tissue  iiutrituu)  vvfiieh  hun  iilnyeil  su  great  a  jMirt  in 
the  ape^julatious  of  later  ]jhysiulo^qHtrt. 

With  Hunter  1  and  Munru  ■  we  hud  a  return  to  the  older  theury,  that 
lymph  vrais  pnKlueed  by  a  ]iroee8s  of  suction.  This  ludeKinte  eoueeptiun, 
however,  allowed  a  coiisideralde  degree  u{  nultvidual  Heeuee  as  tn  the 
ill-tails  of  the  process,  and  iuqKutant  auth«ii"H,  siieli  as  Htmter  aud 
Miiseugni,'^  reeuj^nHsed  the  possibility  of  a  siiuple  truusudatiou  or  hllra- 
tioii  tlirough  the  blood-vessel  waUs.  This  latter  view,  however,  diil  not 
meet  with  geueml  reeriguition,  physiologists  preferring  to  believe 
in  the  exiHtt-ute  of  the  exhulaut  arteries  whieh  mi  one  liad  yet  seen 
ur  wjis  ever  going  to  see.  Thus  we  tiuil  Piiebat^  detinitely  asserting 
the  exintenee  of  "  vasji  exiialantia/"  Speaking  uf  eouiux'tive  tissnes,  he 
writes:  **Cha<[ue  eelbde  dii  tissue  eelbdaire  est  uh  rr'servnir  inter- 
inetliare  aux  exhalants,  qui  By  terniinent,  et  aux  aljsorbants  \\\\\  en 
natfisent"  The  absorjjtion  through  the  supp<jsed  open  mouths  of  the 
Impbutic  and  lacteal  %e.ssels  was  attributed  by  Hn>st  autlnu'ities  nf  this 
time  to  C4apillarj  attraetitui,  while  tlu'  niiward  Hnw  of  the  11  aid  in  tlie 
lyiuphatie^  eonld,  aeeording  to  Cruiekshauk,  uidy  be  exjilaiut'd  as  due 
to  the  vit4il  aetivity  of  living  cells  or  tissues,  Huller  describes  the 
luovement  of  the  cliyle  from  the  intestines  in  exsn-tly  the  sauje  Tuunner. 
Particularly  ingenious  is  He wsons'^  explanation  n\  the  abs«iriition  and 
movement  of  eliyle  in  the  laeteals.  He  shows  that  cluriug  life  the  Idood 
Teasels  of  the  villi  and  in  the  jjfipilhe  of  tb<'  skin  an<l  ruucous  mem- 
brane, by  their  turgescencc,  keep  the  01  ilices  of  the  laeteals  nr  tlie  similar 
o^ienings  of  the  lymphatics  jiatent,  sti  that  these  are  now  ca]ial>ie  of 
attracting  like  eaiiiUary  tubes  ma<le  of  hard  substanees,  'Jlie  further 
movement  of  the  chyle  and  lymph  he  ascribes  to  the  ]ieristaitic  con- 
traction of  muacnlar  fibres  in  the  walls  of  the  laeteals  m-  lymphatics. 

Views  very  similar  to  tliese  were  held  by  some  of  the  must  dis- 
tinguished of  subsequent  physiolugists,  such  as  Prorbaska.  Fohniami, 
Bui-diich  aiid  Henle.  In  npjK>sition  tn  this  mechanical  thenry  <«f  lynij^b 
foniiation,  Johannes  Miiller,*^  having  regard  to  th(^  apparent  |iower  of 
choice  jjossessed  by  the  laeteals,  some  substiint^es  being  al>S(*r]ied  while 
others  were  left,  was  inclined  to  ascribe  at  any  rate  the  act  of  absorption 
to  the  vital  activities  rtf  the  Uving  cells  of  the  body. 

On  the  discovery  of  endosmosis  by  ]>utnKvhet/  ruany  j>IiysinlngistH 
Ijelieved  that  at  last  the  riddle  of  alisorpliim  and  secretion  nf  lynij»h  was 
solved,  and  from  this  time  onwards  we  liud  an  invoc^ition,  generally 
more  or  less  vague,  of  osmotic  action  to  exjdain  the  jibenomeua  of 
abeorption  and  secretion. 

Theory  of  Ludwig.— The  beginuiiig  of  the  new  era  in  the  histnry 
of  the  physiology  of  lymph  forniati<ui  is  marked  by  the  ini]»<trtant 
pai^er    of    Lndwig    and    NolL**       In    consequence    of    ex]>eriuients   on 

*  Works,  pdit^d  by  Palmer,  London,  1835,  vol.  iv.  [t.  ^im. 
'  **  De  venis  lymplmti'.  is  valviilosis/'  ]7r/7* 

»  *•  Vdsorum  lymphatieorum  corporis  humaiii  historia  et  icoiiog:rai>hia, "  1787. 

*  •*  Anat^jmic  geuerale,"  1812, 

'  **  A  Deticnptiori  ijf  the  Lymphatic  System,  etc./'  Valbikd  Wrnks^  Si/d,  *SW*,  1816. 

•  "Klementa  of  PhyHJology/'  Baly's  toiiis.,  lt^;JW,  vol.  i.  [i,  2t>^. 

T  PtevionB article,  p,  273.    Sep  also  *'  Cyclopaedia  of  Auat.  and  Phvs*,"  art  ^'  Eudosmosp.*' 

•  ZUchr,/,  rat.  Mtd,,  IS50,  Bd.  ix.  S,  52. 
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blood  pressure,  u..  ed  out  by  the  aid  of  tho  niercurial  manometer  of 
Ludwig,  these  auti  >ra  conchided  that  the  chief  factor  in  the  forma- 
tion of  lymph  was  tlie  pressure  of  the  lilood  in  the  cfipillaries,  aiifl 
that  in  fact  the  ly  iiph  was  emeutially  only  the  iluid  ywirt  of  bluwl 
which  had  filtered  throiigli  the  vessel  wall  into  the  Biirroutidirig 
tissues.  On  arrivii  g  in  the  ti^Hues,  this  lymph  or  blood  filtrak^  Wim 
still  imder  a  certii.  :i  pres^siire,  ilerived  fraru  the  blood  pressure^  and 
it  was  this  pressin  :*  which  occasioned  the  juoveioent  of  the  lymph 
into  and  along  tht?  lymphatic«.  Luilwig  cimcluded  that  the  flow  and 
composition  of  the  lymph  niu.st  be  exjjlaiued  not  only  by  liltratinn 
of  the  fluid  parts  <>t  t!ie  Idood,  hut  also  by  proeea^eH  of  oBmosi^  taking 
place  between  the  tia^iie  juices  and  the  blood.  He  Buinniarise8  hm  theory 
in  the  following  words :  coiit^iined  in  the  vessels  nnij^t 

always  tend  to  equalie  i  chemical  cc>u*stitutioii  with 

those  of  the  extravasc  mly  separated  from  it  by  the 

porous  blood-vessel  t  the  fjuantity  of  blofxl  in  the 

vessels  has  increased  ire  is  also  increatsed,  and  at 

once  a  portion  of  tl  r  into  the  tissues  by  a  mere 

process  of  filtration,  rought  about  when  the  con- 

stitution of  the  blood  ption  of  fcxxl  or  !>y  inereasod 

excretion  by  the  ki^h  vheu  the  eomxMjsition  »>f  the 

tissue  fluids  is  altert  nerem^ed  metabolic   changes 

taking  place  in  the  i  Jimv  e^ise,  the  changes  brought 

about  in  the  lympli  ai-e  ene  esses  of  diHiision."    Since  it  is  a 

condition  of  the  maintenance  ot  lum  uiiat  these  chemical  changes  in  the 
tissues  should  go  on,  and  that  the  w^iste  products  should  be  contiiinally 
excreted  by  the  kidueys,  lungs,  and  skin,  there  must  be  at  the  same 
time  constant  chaoL^es  in  tlie  anciunt  and  compr»Hition  of  the  lymph 
produced.^ 

The  testing  of  tliis,  tlie  niechanitjal  therjry  of  lymph  foruiation  and 
the  lineal  descendant  of  the  theory  pFr»]iouuded  two  hundred  ye-ars 
previously  by  Bartholin,  has  been  the  oljject  of  all  subset|ueiit  investiga- 
tions dealing  with  tliis  qnestiiaL  Although  we  t^aunot  claim  to  have 
arrived  at  a  final  decision  on  llie  matter,  L  shall  endeavour  to  show  in 
the  following  ])ages  that  the  two  ]a'ocesses — filtration  and  diffusion- 
described  by  Ludwiir,  will  probaldy  acccamt  for  the  lymph  flow  and 
composition  in  all  the  case^  which  have  Ix'en  snlhcicntly  in^^e^tigated 

It  was  sliown  many  years  ago  liy  Ma^endie  and  othora,  that  ehemical 
diflerences  betweets  hit  Mid  and  lytojih  provokeil  a  trau^ferencr*  of  the 
substance  that  was  in  excess  from  one  side  of  the  vessel  wall  to  the 
other.  Thus,  if  colouring  matters,  salts,  or  sugar  be  injected  into  the 
blood,  they  are  very  shortly  afterwards  found  in  the  lymph  in  various 
parts  of  the  Ijody.  If,  on  the  other  hand,  these  substances  be  injected 
into  the  tissue  spaces  or  into  the  pleural  or  peritoneal  cavities,  their 
existence  can  very  soon  )je  detected  in  the  blood,  whence  they  make 
their  way  into  the  urine.  Other  instances  of  the  extreme  rapidity  with 
wliich  osmotic  interchanges  take  place  ))etween  the  blood  and  lymph 
will  be  mentioned  later  on  in  dealing  with  the  action  of  lymphagogue-s. 
vSince  these  interchanges  take  place  after  the  introduction  of  abnormal 
as  well  as  normal  sul)stances  into  the  body,  we  must  assume  the  general 
applicability  of  the  results,  and  look  upon  processes  of  diffusion  or 
osmosis  as  one  of  the  factors  m  regulating  the  composition  of  the  lymph. 

^  "Lehrbuch  der  Physiologic,"  1861,  Aiifl.  2,  Bd.  ii.  S.  562. 
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Not  80  successful  wertj  Luilwig's  jitteiinitK  tu  demonstrate  a  direct 
relatioiiship  between  bloud  preesuie  and  lyni|i!i  furmation.  According 
to  Ludwigs  hjixithesiH,  the  amuuiit  of  lymph  prothiced  in  any  given 
part  mtist  be  proj>ortioo!tte  to  tlie  ihtlereiiee  he t ween  the  preHBure  in 
the  capillaries  and  the  pressure  in  the  extrHVascular  apiiees.  In  moat  of 
Ludwig*8  earlier  experiments  on  the  wnhjeet  this  enndition  wua  found  to 
tiolil  good.  On  leading  dehhrhiated  blood  tlirougii  a  limb,  the  lym]jh 
productioD  iu  the  lind>  was  fouud  proportional  to  the  pressure  at  which 
the  blood  was  letl  through  it.  In  the  testis  Tomsji^  show^ed  that  ligatiu^e 
af  the  pampiniform  plexus  ejinsed  a  large  increase  in  the  lym]jh  from 
this  organ.  Fasehutin-  and  Emminghaus*  finnid  that,  in  the  arm  ami 
kg,  extenaive  ligature  of  the  veinn  led  to  an  inereai^etl  lyinpli  jiroduetion. 
In  all  these  cases,  therefore,  an  augmented  tlnw  of  lymph  was  oltiained 
by  misiug  the  caiiillary  pressure  of  tlie  puit  On  the  other  hand,  the 
two  last-named  observers  were  imable  to  prove  any  eonstant  ulteiation 
ol  lymph  proihiction  iiieident  on  vaHfimntor  changes,  Tims,  in  one 
Experiment,  Fasehutin  divided  the  brachial  plexuH  of  a  dog  nnd  tlien 
gtimulateil  the  cut  spinal  cord,  hh  that  there  wan  ninstricliun  of  all  the 
arteties  of  the  bofly  with  the  exceptimi  t*f  those  i»f  the  fnre-Iimh  uu" ler 
aieen^atiom  Even  this  rise  of  pressure  had  no  ctH'Ct  un  the  lympli  thpw 
ftom  the  fore-limb.  A  httle  later,  Kogowiez,^  working  in  Heiih^nhain's 
laboratory,  repeated  Emminghaus'  experinients  on  the  hind-lind)  with 
slight  alterations,  and  found  ahuii-st  invariably  a  slight  increase  in  the 
lymph  after  section  rjf  the  sciatic  ner%^e  ur  in  consef|iienee  of  active  vaso- 
dUatatiom  He  proved,  moreover,  that  the  vasn-dilatatinn  of  the  tongue 
produced  by  excitation  of  the  lingual  nerve  was  followed  by  an  ineruased 
lyniph  pruduction  in  the  tongue,  which  might  at  titjies  amoutit  to  an 
actTial  unilateral  cedema  of  this  organ. 

Theory  of  Heidenhain.  —  In  dealing  with  the  laws  adecting 
lyiuph  productiou,  we  are  hampered  by  the  hiet  that,  from  the  lindm 
of  an  animal  at  rest,  there  is,  under  normal  cnnditifins,  n^>  lym]>h  ilow 
at  all,  80  that,  when  we  wish  to  study  the  cllecis  of  our  vmioim 
pfoc^ures  on  the  lymph  production  in  the  limb,  we  have  artificially 
t^j  bring  about  a  lympb  llow^  liy  kncailing  and  massaging  the  Ihoh* 
This  fact  ititroduceii  at  once  an  arliitrary  element  into  the  ol»serva- 
tiun,  and  Heiilenhain  suggested,  therefore,  that  the  best  mode  of 
investigating  the  truth  of  the  filtration  hypothesis  would  he  to 
experiment  on  the  lymph  liow  from  tlie  tlioracic  duet.  This  ]thysio- 
logifit  canied  out  a  long  research  on  the  various  conditions  under 
which  the  lymj^h  flow  from  the  thfuacic  duet  miglit  he  increased 
or  dimiiiiflheiJ,^  and  came  to  the  Cfmchision  that  ttuj  results  of  Ins 
expertmeute  were  irreconcdahle  with  the  Hltiation  doctrine,  and  that  we 
must  assume  that  the  (^ells  forming  the  walls  of  the  cupillaries  take  an 
active  part  in  lymph  formation,  Ix,  that  lym]»h  most  he  looked  upon  as 
a  secretion  rather  than  as  a  tninsudaiion.  A  very  similar  conclusirui  had 
been  previoitsly  arrived  at  by  Tigerstedt,*^  mainly  on  llicoreticul  grounds. 

Heidenhain  8  arguments  may  be  shortly  summariHcd  as  follows  :— 

L  (Jbstructifm  of  the  thoracic  aorta  causes  a  general  fall  of  arterial 


1  SUswfiqvty,  d.  k.  Akad,  d.   IVUscnsch.,  Wii  n.  1802,  M.  xlvi.  S,  185. 

*  Arb*  a.  d.  phy»i*yf.  JmL  zu  Leipzig,  i^l'X  •*  IbUL,  1S73, 

*  Arth,/.  d.  fjcs.  I'hyiwL,  iVmn,  lys5,  IM.  xxxvi.  *S.  2^^% 
*/bid,,  1891,  Bd.  xHx.  S,  20n, 

■  Mitth,  a.  d,  phf/swi,  Jiist.  zu  Stvckhvim,  168«. 
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blood  pressure  below  the  obstruction.  In  spite  of  this  fact,  the  lymph 
flow  from  the  thoracic  duct  may  in  some  cases  be  unaltered  and  even 
slightly  increased. 

2.  destruction  of  the  inferior  vena  cava  above  the  diaphragm  causes 
a  general  fall  of  blood  pressure,  and  the  intestines  become  apparently 
anicniic.  Tlic  lymph  flow  from  the  thoracic  duct  is  largely  increased,  and 
the  lym[)h  undergoes  chemical  changes,  becoming  more  concentrated 
than  it  was  Ijefore  the  obstruction.  This  lymph,  according  to  Heiden- 
hain,  comes  from  the  intestines,  whereas,  on  obstruction  of  the  portal 
vein,  those  or<^rans  yield  an  increased  flow  of  a  lymph  which  is  less 
concentrated  than  normal  and  contains  red  blood  corpuscles. 

3.  Heideuhain  describes  two  classes  of  bodies,  which  on  injection 
into  the  circulation  increase  the  lymjeh  flow  from  the  thoracic  duct. 

The  first  class  comprises  bodies  such  as  commercial  peptone,  watery 
extract  of  dried  leeches  or  of  crayfish.  These  increase  the  lymph  and 
make  it  more  concentrated.  Tliey  usually  cause  a  lowering  of  arterial 
blood  ])ressure,  although  by  careful  injection  this  may  be  avoided. 

The  sec'ond  class  includes  crystalloids  such  as  sodium  chloride,  sugar, 
etc.  lujecti(jn  of  concentrated  solutions  of  these  bodies  into  the  circula- 
tion evokes  an  increased  flow  of  lymph  which  is  less  concentrated  than 
before.  Some  time  after  the  injection,  it  is  found  that  the  lymph 
contains  a  ^neater  ])ercentage  amount  of  injected  substance  than  does 
the  l)lood  ]»lasma.  There  may  be  a  slight  rise  in  the  arterial  pressure, 
but  this  rise  is  in  no  way  proportionate  to  the  augmentation  in  the 
lymph  flow. 

Since,  therefore,  the  lymph  flow  may  be  increased  without  any 
corres])on(liMt»:  elevation  in  the  l)lood  pressure,  and  since  the  amount  of 
injected  substance  in  the  lymph  may  rise  above  that  in  the  blood  plasma, 
Heideuhain  concludes  that  the  ])rocesses  of  filtration  and  diffusion  are 
incapalde  of  accounting  for  the  changes  observed  in  the  amount  and 
coni])osition  of  the  lymph;  although  he  does  not  deny  that,  under  certain 
])atholoL:ical  conditions,  such  as  heart  disease  and  cirrhosis  of  the  hver, 
diopsy  or  ascites  may  lie  and  proljably  is  conditioned  by  the  increased 
intiacapillai y  pressure  acting  in  many  cases  on  a  c^apillary  wall  already 
weakened  and  abnormal  in  conse([uence  of  ana-niic  and  diseased  states 
of  tho  blood. 

Comparison  of  the  theories  of  Ludwig  and  Heidenhain.  —  A 
rentnvcil  examination^  of  Heideidiain's  experiments,  cond)ined  with  a 
nior<'  thorouuli  investigation  of  tlieir  conditions,  has  ])ersuaded  me  that, 
so  far  fioni  (tvcrthrowing  the  filtration  hy])othesis,  they  furnish  the 
strongest  arL;nin("nts  which  have  yet  ])een  adduced  in  its  favour.  I  may 
tlicicfoic  L^ivc  some  account  of  these  ex])ei'iments,  and  show  how  they 
sup])oit  Ludwii^'s  contention  with  regard  to  the  production  of  lym])h. 

>sVy///7v.s  (jf  ilic  If/mph  inirsfif/aicd — In  dealing  with  the  lymph  flow 
fi'oin  IIh'  tlioiacic  duct,  it  is  essential  to  know  from  what  parts  of  the 
body  this  lymph  is  dei'ived,  es])ecially  since,  as  is  well  known,  the 
lyini>hati(s  tioni  all  ])arts  of  the  body,  with  the  exception  of  the 
i-i.U'ht  ujipei'  exli-eniily  and  lij^dit  side  of  the  neck,  cimverge  to  ]M)ur 
their  conlcnts  into  this  duel.  Fn  jtlacinu'  a  cannida  in  the  duct, 
in  oidei-  to  collect  ;in<l  iiieasuie  the  lymph,  the  (hicts  from  the  left 
side   of    the  neck   and    left    up]>er  extiemity   are   ligatured.      From   the 

^  r.a\li>s  aipl  Siarliiii:,  .J<nir,i.  J'/i >/st(>/.,  Caiiilirid^'c  and  London,  vol.  xvi.  \k  159;  Star- 
linL'.  zA((/.  vol.  xvi.  i..  2-Jl.  and  vol.  .wii.  \k  'Ao. 
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liind-limbs  we  know  that,  in  an  animal  at  rest  on  the  tahle,  there  is  no 
Innph  How  at  all.  Hence  the  sources  of  the  lynijili  are  confined  to  the 
irunk  We  can»  inorea%'er,  exclude  the  thnriix  and  its  l-uti tents,  since 
ligsiture  of  the  thoracic  duct  just  ahuve  tlie  dia|)[iricj:ni  alksohttely  stojiH 
the  lymph  tlow.  Therefore,  when  dealin^r  with  the  lyioph  llnw  from  the 
ifmracic  duct,  we  deal  uidy  witli  tlie  lyuiph  connnj.^  fnuii  the  a]>doruinal 
ATflcera.  As  1  shall  sliovv  presently,  the  abduimnal  viscera,  eo  far  aw  their 
lymph  is  concerned,  may  be  lUvideil  into  two  i^^roups- — (1)  the  viscera 
drained  by  the  fK*rltrl  vein,  and  (2)  the  liver. 

hifluffice  of  tnwiis  obsiruefum.—ln  testing  the  tiltniti^vn  hy]n»tIieHis 
nn  the  lymph  tlow,  we  liave  to  in%csti<^ate  whether  the  tluw  is  always 
pmportioiial  to  tlie  ihllereuce  between  the  intra-  and  uxLracapillary 
pressures.  We  may  regard  the  extmcapiUary  pi"es,sure  as  not  varyinj^ 
1^1  any  lai-ge  extent^  so  that  we  have  to  see  what  cUVvi  is  i>indnced 
>»a  the  lymph  by  variatiniis  in  the  intracajiiilaiy  pressure  in  the 
intestines  and  tlie  liver.  The  simplest  experinuMits  an  the  subject 
ate  thc36€  in  whicli  some  lar^^t*  vessel  is  ubstructed.  Sjit-akiug  ^^unerally, 
we  may  s«iy  that  obstruction  o(  a  large  vein  raises  the  pressure  in 
the  capillaries  innnetliately  behind  it,  whereas  obstruction  of  nn 
ailery  will  diminisli  the  pressure  immediately  in  front  af  it.  If, 
for  instance,  we  ligature  the  portal  vehi,  the  arterial  ]tressure  is  very 
little  atTeeted,  while  the  jnessure  in  the  vein  l>chind  the  ligature 
rises  enormously.  lu  consequence  nf  this,  there  is  a  large  rise  nf 
preasore  in  the  capillaries  of  the  intestiiu-s  aial  spleen,  so  that  the 
^een  swells  and  the  intestines  Ijecruue  black  fiom  veiujiis  congestion, 
liinoiThages  being  produced  into  tlieir  mucous  memhiaue.  The  etiect 
of  tJiis  ligature  on  the  lymph  flow  fnuu  tlie  tlnuacic  (hict  is  to  increase 
it  four  or  five  tiines.  The  lyni])!i  also  hcconu's  bluudy  and  its  total 
solids  are  diminished.  The  diuiitnitiou  in  soliils  is  (hie  solely  to  a 
diminution  in  proteids,  the  sidts  remaining  tlie  same  as  behne ;  so  that 
we  liave  here  an  increased  cajdllary  juessuie, causing  an  increased  trans- 
\nlation  of  lymph  containing  a  diminished  percentage  of  proteid — a  result 
which  is  ahso  obtained  when  juoteids  ;ue  filtered  with  pressure  Lhrinigti 
deatl  animal  membranes.  The  presence  of- red  bit  tod  i'rtr]nisclcs  in  the 
lymph  LS  nut  a  necessiiry  conse<pa.'Uce  of  a  rise  of  prcssuie  iu  the 
portal  vein.  If  a  less  excessive  rise  of  juessure  bu  j produced  by 
ligaturing  tlie  vein,  not  at  its  entry  int<t  tlie  liver  luit  just  lielow  the 
pftDcreatico-duodenal  vein,  thus  leaving  a  ciicuitovis  naUe  for  the  blood 
to  the  liver  through  the  anastomoses  of  this  itranch,  an  increased  How 
of  lymph  is  produced,  containing  less  ]»n>teids  than  murual  lymph, 
but  which  may  l»e  quite  free  frimi  red  blot n I  rorjmschs. 

Still  more  striking  is  the  ell'ect  produceil  by  1 1 ridrn bain's  exj^eri- 
ment  of  ohstrncting  the  vena  cava  just  abnvc  t!ic  <iia]>bragm  {lj\ 
between  the  opening  of  the  liepatic  veuis  aiul  tbc  hcait).  The  lymph 
i^  increased  from  ten  to  twenty  fold,  and  it  is  fmuni  that  the  lymph 
obtained  after  the  obstruction  is  free  fr<>ni  hmI  blo<nl  c[t]]>nscles  and  is 
more  concentrated  tliau  nonual  lymph.  Thus,  in  one  cx]Hiimciit  of 
thiii  deseriptiiui,  the  lym]>h  tlnw  n^sc  fnna  o  c.c.  in  the  ten  minutes 
precaling  the  ol»struction  to  25  c.c.  in  the  ten  minutes  after  tlic  vein  was 
occluded.  At  the  s«iiue  time  the  [lerceutage  of  solids  in  tlu'  lyjajdi  rose 
from  4'8  per  cent  before,  to  6*6  per  cent,  after  tlie  obstructi(>n. 

What  is  the  cause  of  this  increased  lyuijih  ll<iw  and  why  is  it  niorg 
concentrated  ?     To  anawer  theae  questions  we  must  timi  out  iirst,  the 
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source  of  the  lyiii;  ih,  and  Bccundly ,  the  coiulition  of  the  capilkry 
pressure  in  the  orgau  or  organic  from  whit'li  the  lymph  is  derived.  We 
can  determine  the  source  of  the  lyrnph  liy  a  process  of  exeluHion. 
Tying  the  kidney  vessels  and  lymphatica  \\m  no  effect  on  the  usual 
consequences  of  obtstrueting  the  inferior  vena  cava.  On  the  otlier 
hand,  if  we  ligature  the  lymphaticii  in  the  j>ortal  fissure  which  carry 
ofifthe  liver  lympli^  ve  tlnd  that  ii  mib&equeut  obstruction  lias  no  efiect 
on  the  lymph  tiow  or  indeed,  may  slightly  diminiali  it.  We  oniBt 
conclude  that  the  ,txcess  <>f  lyiai>h  production  coni^equent  ujujii  the 
obstruction  is  entin  ly  derived  from  the  liver,  aiul  not,  as  Heidenhain 
thought,  from  tlie  intestines.  The  ehange  in  eoneentnttion  is  easily  ex- 
plained if  we  assume  that,  iast  aa  intestinal  lymph  is  more  coucentmted 
{i.e.  richer  in  i>roteid  rom  the  lindis,  so  the  Uver 

lymph  is  more  coneen  Ij'mphj  or  than  the  ndxed 

lymph  obtained  from 

In  order  to  juisv  the  caui^e  of  this  increased 

production  of  lyuiph  investigate  the  changes  in 

the  circulation  I  irony  iction.     On  obstructing  the 

inferior  vena  cava,  uik  resmire  in  the  chief  vf.ssicfb 

of  the  abdomen,  wc  \  \  in  the  aorta  drojm  almost 

at   once   to   a   thini  t,  whereas  there  is  a  xk^'t^ 

considerable  rise  (if  p  irUl  vein  and  inferior  cava. 

It   is   probable   thiil   _^„  i  rise  of  portal  jirefisure  on  the 

intestmal  capillarie^j  is  mo.  iterbalanued  by  the  severe  drop 

in  arterial  ^jressare,  so  that  there  is  a  fall  of  preiiBurc  in  the  inteistinal 
capillaries.  This  cLaiohision  is  borne  out  liy  the  fact  that,  if  the 
abdomen  be  open,  the  ribstruetirai  of  the  inferior  vena  cava  is  seen  \\}  be 
at  once  followed  liy  blanching  of  the  intestines,  as  Heidenhain  pointed 
out.  On  the  otlier  hand,  the  etVect  of  the  simultaneous  rise  of  pressures 
in  the  portal  V(*in  aiul  vena  e/ivu  must  be  to  increHse  the  pressure  in 
the  capillaries  of  the  liver  to  three  nr  four  times  the  iiurmal  amount 
We  have  tlion,  ;(S  the  leHfulls  nf  tltis  i  xptMiuRTil,  uu  rise  of  pressure  in 
the  portal  area  and  no  increase  of  lymph  flow  from  the  portal  area,  a 
large  rise  of  j)ressure  in  the  hepatic  capillaries  and  a  very  large 
increase  of  lymph  tiow  from  the  liver. 

Injlucnce  of  aortic  obstruction. — Another  experiment,  on  which 
much  stress  lias  been  laid  by  Heidenhain,  is  the  one  in  which 
the  dt^scending  aorta  is  obstructed  in  the  thorax.  Tlie  obstruction 
of  til  is  vessel  is  easily  effected  by  passing  an  indiarubber  balloon, 
tied  on  the  end  of  a  catheter,  down  the  right  carotid  artery  into 
the  aorta  just  beyond  the  arch.  The  results  of  this  obstniction  on 
the  lymph  ilow  are  somewhat  variable.  In  most  cases  the  lymph  is 
diminished  to  one-half  or  one-third  its  pre^^ou8  amount;  in  a  few 
cases  the  lympli  is  unaltered  in  quantity  or  even  slightly  increased. 
In  all  experiments  the  amount  of  proteids  in  the  lymph  is  increased. 
Now,  if  we  investigate  the  state  of  the  circulation  under  these  con- 
ditions, we  find  that  obstruction  of  the  thoracic  aorta  causes  a  very 
consideralde  fall  of  ])ressure  in  the  aorta  below  the  obstruction  and 
a  corresponding  fall  in  the  ])ortal  vein,  whereas  the  pressure  in  the 
inferior  vena  cava  is  unaltered  or  in  some  cases  even  slightly  increased. 
We  must  conclude,  therefoiT^,  that  in  the  intestinal  cajjillaries  the 
jn-essure  has  fallen  considerably  below  its  normal  hmits,  while  in  the 
heimtic  capillaries  the  pressure  is  very  little  altered  or  may  even   be 
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somewhat  increased.  Hence  the  cmly  region  of  the  Ijody  below  the 
point  of  obstruction  where  the  capillary  pressure  \%  not  iniicli  diminished 
is  the  liver.  Now  we  lind  that  the  li\  er  is  iilso  the  solo  aoiirce  of  the 
lymph  obtained  nuder  these  circumstances.  If  the  hepatic  lyini^liaticB 
be  Ugatnreil^  and  the  thoracic  aort;i  be  then  obstnicted,  tlie  flow  of 
lymph  from  the  thoracic  duct  iB  absolutely  stO]>ped. 

These  tlu'ee  experiments  show,  tlicrcfiue,  that  the  lymjth  prodnction 
in  the  organs  of  the  abdomen  is  directly  prupfulional  to  the  capillary 
pressure  in  these  orgunj?,  and  not  independent  of  tlicin,  a,s  wa«  imagined 
by  Heidenhain. 

Hydrfjtmm  and  hydrfrftifc  piftJimri.  —  In  another  series  of  experi- 
mentH  we  find,  as  was  predicted  by  Ludwig  (cf.  p,  288),  that  a  marked 
increase  in  the  lymph  How  is  produced  by  a  general  rise  of  capillary  pres- 
Bure  in  all  the  organn  of  the  abdmiien.  Such  a  general  rise  of  capillary 
preesure  may  be  brought  about  liy  the  injection  of  large  (juautitiea 
uf  normal  saline  Huid  into  the  cireulati(*ii,  thus  causing  a  couditiou  of 
hyiir*mic  plethoni.  Under  such  eireuiustancus  the  lyoiph  may  be  iii- 
creased  from  fifty  to  one  hundred  times  in  anirmnt,  and  may  in  some 
cases  run  from  the  cannula  in  the  duct  in  a  steady  stream.  Now,  in 
hydnemic  pleihoni  there  are  two  changes  in  the  cncidatiiai  which  might 
poflsibly  l>e  responsilde  for  the  increased  produi-tion  of  lym|>li — first, 
the  change  in  the  composition  of  the  Idooil,  and  secondly,  tlie  iiu'reascd 
preflBXire  in  tlie  capillaries  of  the  abdominal  viscera.  ^Ve  can  decide 
which  of  these  two  factors  is  responsible  for  the  increased  lymph  tluw 
bf  a  very  simple  experiment.  Previously  tn  injecting  .'vDO  c.c.  Lif  uornml 
nline,  we  bleed  the  dog  to  300  c.c.,  so  iliat  after  the  injection  the  tf>tal 
imoirnt  of  circulating  fluid  is  the  same  as  at  the  beginning  of  the 
eiperinient  In  this  way  we  entirely  avoid  any  rise  oi  cajiillary 
pressure,  while  we  have  diluted  tlie  blood  to  an  even  greater  extent 
than  in  the  experiments  in  which  liydra^^mic  ]deth<>ra  was  i»ioduced. 
The  effect  of  such  a  simple  hydncmia  is  to  increase  the  lymph  How 
from  3  cc,  in  ten  minutes  to  4  or  G  c.c.  in  ten  ndnuteja;  whereas,  if 
hydrsemic  plethora  were  produced,  the  lymph  would  be  incrcascil  from 
3  ex,  to  .''*0,  50,  or  100  ee.  in  tf*u  minutes,  Jt  is  cvi<lcnt,  tliereforo,  that 
in  the  pri*dueiion  of  tins  increiised  lynipliilow  the  all-impnrtant  factrpr  is 
the  rise  of  capillary  pressure;  altliough  the  slight  increase  in  tlie  lyrjiph 
flow  observed  as  the  result  of  sim|>le  hydra^mia  shows  that,  as  might  be 
expected,  a  watery  plasma  gives  rise  to  a  trausndntinn  of  lymph  more 
easily  than  dws  tlie  normal  more  concentrated  jdasnui. 

Hcidcnhffrtis  ^cmnd  cififis  of  !f/wpha(fOffifes. — In  a  ]>rceisely  sinnlir 
manner  we  may  explain  tlie  morle  nf  action  f^f  the  substances  which 
were  described  l»v  Heidenbain  as  the  second  class  of  Ivmnlwn^oinies. 
These  include  bodies  such  as  salt,  sugar,  potassium  iodide,  etc.  Tire 
injection  of  a  strong  solution  of  dextrose  (^50  gi-ms.  in  'Iff  c.c.  water)  into 
the  veins  of  an  animal  causes  a  considerable  increase  in  the  lymph  flow" 
from  the  thuracic  duct.  The  lympli  at  the  sanae  tinje  becomes  more 
watery  than  at  the  commencement  of  the  exi^crimi  nt.  llciil(^nbain 
ascribes  this  effect  to  a  specihc  excitation  of  tlio  secretory  activities  of 
the  endothelial  cells.  Tlie  eflect,  however,  can  ]*e  explained  in  a  much 
more  simple  fashion.  All  these  solutions  have  ati  osmotic  pressure 
which  is  consiilerably  higher  than  that  of  normal  blood  plnsma,  A 
solution  of  dextrose  that  should  be  isotuiu'c  with  the  bbiod  pliisma  would 
contain  from  5  to  G  per  cent  of  this  iKKly,     When  wc  injci4,  a  sulution 
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containing  from  50  to  75  per  cent,  of  dextrose,  it  will  attract  fluid  from 

the  tissues  until  its  percentage 
is  reduced  to  5  or  6  per  cent. ; 
that  is  to  say,  45  c.c.  of  fluid 
containing  30  grms.  of  dextrose 
will  attract  water  from  the  tissues 
until  its  total  volume  is  increased 
to  500  C.C.  Of  course  this  esti- 
mate is  merely  a  rough  approxi- 
mation at  the  truth,  since  before 
the  sugar  has  had  time  to  attract 
all  this  fluid,  a  considerable 
amount  of  it  will  already  have 
left  the  vessels  by  diffusion.  As 
a  matter  of  fact,  however,  we  find 
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Fk;.  40. — Diagram  to  show  the  dilution  of  the 
Mood  [i.e.  hydra'niit'  i>letliora)  produced  in 
dogs  (Kxperiments  1,  2,  3,  4)  by  the  injec-     that   injection   of    a   strong    Solu- 
tion of  5  pnis.  dextrose  per  kilo,  body-    ^j      ^^^  dcxtrose  is  followed  in  a 

weight.        llie     ordinates     represent    the     .  .  ,  -i        ii 

vc.hmi.>  of  the  idood  (compared  with  the    few  mmutes  by   a   considerable 

uornuil)   as    indicated    by    j^ercentage    of  dilution   of   the    blood,  cauSCd    bv 

ha-niogdobin.TlieabscW  represent  inter-  ^^^    increase    in    itS    VolumC.        In 

vuls  ot  hvc  minutes.      1  he  hue  AA,  marks  .           .        p            t>          ii 

the  time  at  which  the  injection  was  finislied  S^^HIC  experiments  of  VOIl  J3raS0l,i 

in  eatli  experiment.     The  dotted  lines  to  the    volume    of     the     circulating 

the  left  of  AA,  indicate  the  theoretical  dilu-  i^j^^^j  ^^.^^  ^j^^^g  increascd.to  twice 

tion  eliectcd  bv  tlic  volume  of  thud  injected.  , , 

— After  .1.  H.  Lcathes.  <^r     three     tmies     its     previous 

amount;  and  these  observations 
have  been  fully  confirmed  in  a  series  of  careful  experiments  made  bv 
J.  r>.  Leatlies'^^Fig.  40). 
As  we  sJKMild  ex])ect, 
this  increase  in  the  vol- 
ume of  the  cireulating 
blood  is  attended  by  a 
lai'^e  rise  of  eapillaiy 
])ressure  in  the  abdomi- 
nal viseeiji  (  Fii^^  41),  and 
we  have  here  a;j;ain  to 
decide  wlictlier  it  is  this 
I'ise  i){  caj.illai'v  ]>iessure, 
or  the  clianuc  in  the 
chemical  coiii])()sition  oi 
the  hl()(>(l,th;it  (leterniines 
Ihc  increased  lyni])h  ilow. 
This  (nieslioii  c.ni  l)e 
solved  l»y  usinu'  lli(^  same 
method  tliat  we  ado])ted 
when  dealing  with  the 
jiroduction  of  the  in- 
cicaseil  ]viii])h  tlow  in 
hyih'aiiiic  jtlclliora.  We 
ean  entirely  oliviale  th<' 
rise  of  cajtillarv  ]>ressure 
if  we   hl<MMl   liist    t<»  :*.()()  ( 
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Inj.  of  40  grcim<i  a'exfrusc 

Fk;.  41. — To  show  inlliiciKM' of  the  intravenous  injection 
of  dextrose  on  the  Itlood  pressure  in  the  abdominal 
vis(;cra,  and  on  the  lyni|>ii  How  from  the  thoracic  rluct. 
Tlie  upper  dotted  line  =  pressure  in  portal  vein.  The 
lower  (lotted  line=  jncssure  in  inferior  vena  cava. 
The  thick  eontimioiis  line  =  pressure  in  aorta.  The 
thin  contiiinous  ]ine  =  Iyniph  How.  The  ordinates 
repirsrnt  veiioiis  pri-ssuie  in  (■(Mitimetres  of  water. 
artejial  ]ires>uic  in  eentimetres  Hi:,  and  lymph  Ilow 
in  cnMe  centimetres  per  ten  minutes. 

.c.   and    then    inject    a    eoneent rated  S(»lntion 
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Fir,.  42. — To  ahow  aliscnoe  of  elTf  t?t  of  iiijrcting  dextrose 
after  n  ptevitnu  McLtJiug.  Thv  dLsrriptioii  of  tlio 
curves  in  Fig*  11  abo  applies  to  this  ligure. 


ci>Dtaiimig  18  grms.  of  dextrose  (Fig,  42).  In  tliia  cjise  the  fluid  that 
is  dragged  by  the  en^ar  frnm  the  tissues  into  the  blood  vessels  unly 
jiwt  suffices  t«j  make  uyi  for  tlie  jirevinus  lt>ss  of  hlood.  N{>  hy<lni'mic 
plethora  Is  pnxluced ;  tbere  is  no  rise  of  fupiilary  pressure,  and  t]iere 
is  no  mcrea4i>e  in  lyiuiih  flow,  although  an  ahiiortnally  large  amount 
of  (Jextri>8e  is  |»reseijt  in  the  eireulatioiL 

The  fact  tliat  tlie  iuuuediate  agent  in  the  |irndii€tion  of  the  increased 
lymph  How  is  the  bydne- 
mic  plethora  winch  suc- 
ceeds tfie  injectinn,explitins 
the  jxdnt  notir  enl  by  Heid- 
euhain,  that  the  etticiiey 
of  these  substances  is  tli- 
r^tly  proportional  to  their 
attraction  for  water  ( IT/^s- 
stnt nzieh  h  mfsvrr m  f^ai) .  L e, 
to  the  osnintic  i*reasure  of  the  solution  injected,  ami  is  therefore  a 
fimetion  of  their  molet  ular  weij^^hts.  A  similar  relation  was  noticed 
by  von  Limbeck^  to  linld  for  tlie  diuretic  aetinn  of  these  lKMiic8,  which 
may  therefore  also  l>e  possibly  determinetl  *lireetly  l*y  the  hydra?mic 
plethora. 

The  advix^ates  of  the  secretory  hypothesis  hjtve  Isud  iricat  stress  on 
the  fact  that  if  we  analyse  the  lyni]i!i  tind  tlie  l>ln(id  sit  diOcrent  ]>eriuds 
after  the  injection  of  sti«xar,  wc  Hud  tliat  tire  iinimint  of  this  suhstsoicc  in 
the  VdiXid  steadUy  diminishes  (even  wlicu  the  kidneys  are  cut  out  of  tlie 
circulation),  while  the  sui^ar  in  the  lynijili  gradually  rises  to  a  maximum 
and  then  diminishes  parallel  with  Imt  above  that  in  the  jilasuui.  This 
was  found  to  hold  go^»d  for  sugar  by  Heiileid^iin,-  f<n'  ]K)tassium  indide 
\i\  Aseher,^  and  for  commercial  peiitnnc  by  niyself.^  \Vc  arc  not,  bow- 
ever,  just  ihed  in  concluiliiig  from  these  fatts  that  the  sugar,  et<\,  have 
been  turned  out  from  tlic  blood  vessels  against  pressure,  so  to  speak. 
As  Cohnstein^  has  pointed  out,  the  lympli  flowing  at  any  given  moment 
from  the  thoracic  duct  does  not  represent  the  transndjition  from  the 
blood  at  that  niomcnt,  but  is  clcrived  from  the  lynipli  that  has  been 
formed  some  time  previously.  If  we  liail  a  s«ilutinn  of  sugnr  in  gradually 
tliiiiinishing  strength  flowing  into  a  lym]ili;itic  tniuk  uf  ttie  leg,  it  is  evident 
that  this  tiirid  would  mix  with  the  lym]4i  in  the  other  lympliatics,  through 
which  it  flowed  on  its  way  to  the  tlioraeis:  duet,  Litei;  tlic  solution  of 
sugar  would  have  dis]ilaeed  practicuUy  all  the  lymph  frnm  these  chanucls, 
and  would  flow  tln^migh  the  thoracic  tiiu't  almnst  imdihited.  It  would 
take,  however,  some  considerable  time  to  How  froiri  the  leg  b>  the 
thoracic  duct,  so  tliat  the  tmtHow  frum  tlie  duet  would  vcprest'ut,  not  tlie 
fluid  which  was  being  injected  into  the  leg  at  that  moment,  Imt  the 
stronger  solution  which  liad  been  flowing  in  some  time  previ*Hisly.  If 
one  compared,  therefore,  the  percentage  of  sugar  in  the  fhiifl  flowing 
from  the  duct  and  in  the  fluid  flowing  into  the  leg  lym]>liatic  at  iliirerent 
times  after  the  beginning  of  the  iiijnrtinn,  we  should  obtain  a  rairve 
exactly  similar  to  those  obtained  by  Ilcidtiihaiu  nftcr  the  iujeetion  of 
sugar  into  the  circulation,  and  regarded  by  biui  as  umleuiiiblc  evidence 

'  Arch./,  exper.  Path.  u.  Pharmakof,,  Lci|i/.i{jf,  18SS,  Ikl,  xxv.  S.  ti9. 
»  Loc,  eU,  3  Ktschr.J\  BioL,  MtniHit-n,  lS*?li,  M,  xxix.  S.  *217. 

^  Stariiiig,  Jonm.  Physwl.^  CjiTiilnid^iMiii'l  Umdini,  1SW3,  vol.  xiv*  \k  131. 
»  Arch./,  d.  tfta.  Physiol,,  Bom*,  Ikl.  lix.  S.  3L0. 
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of  secretory  activity.  We  may  conclude,  therefore,  that  the  increased 
flow  of  lymph  caused  by  injection  of  the  second  class  of  lymphagogues 
is  entirely  (lue  to  the  rise  of  capillary  pressure  thereby  induced,  and  is  in 
no  wise  conditioned  by  a  stimulation  of  the  secretory  activities  of  the 
endothelial  cells. 

The  2^(-^yneability  of  tlie  capillary  wall. — The  dependence  of  lymph 
formation  on  capillary  pressure  is  not  the  only  important  relationship 
brought  to  light  by  these  experiments.  The  amount  and  composition  of 
the  transudation  through  a  membrane  depend  not  only  on  the  pressure 
at  which  the  transudation  is  effected,  but  also  on  the  nature  of  the  mem- 
brane. According  to  the  permeability  of  the  membrane,  so  the  amount 
and  composition  in  proteids  of  the  transuding  fluid  will  vary.  After 
obstruction  of  the  inferior  vena  cava,  the  pressure  in  the  intestinal  capil- 
laries, altliougli  it  probably  sinks  below  its  normal  height,  is  yet  as  high 
as  that  in  the  hepatic  capillaries.  Nevertheless,  we  get  a  very  small 
amount  of  transudation  through  the  intestinal  capillaries,  and  a  very  large 
amount  through  the  hepatic  capillaries.  Hence  the  permeability  of  the 
liver  capillaries  must  be  very  mucli  more  marked  than  that  of  the  intestinal 
capillaries.  In  the  same  way  we  may  compare  the  permeability  of  the 
intestinal  ca]nllaries  with  those  of  the  limb  capillaries.  Normally  from 
the  linil)  there  is  no  flow  of  Ij^nph  at  all,  whereas  a  probably '  equal 
pressure  in  the  intestinal  capillaries  suffices  to  give  rise  to  a  steady  flow 
of  lymph.  If  we  ligature  all  the  vems  of  tlie  leg,  a  lymph  flow  may  be 
set  u}),  but  such  a  flow  is  incomparably  smaller  than  that  produced  on 
ligature  of  tlie  portal  vein.  We  can  therefore  arrange  the  capillaries  of 
the  body  in  a  descending  order  of  permeability,  the  liver  capillaries  being 
the  most  permea})le  and  the  limb  capillaries  the  least  permeable.  I  have 
aheady  mentioned  liow,  on  Altering  solutions  of  proteid  through  various 
meml)ranes,  tlie  percentage  of  proteids  in  the  filtrate  increases  with  the 
permeability  (»f  tlie  meml)rane.  As  we  have  seen,  exactly  the  same 
thing  holds  ^ood  for  the  ca])illaries  in  the  body.  The  lymph  in  the 
lim])s,  tiie  til  irate  through  the  ini])ermeal)le  liml)  capillaries,  contains 
only  fr« nil  2  to  3  ])er  cent.  ])roteids ;  that  from  the  intestines  contains 
from  4  t<»  0  ]»ei'  cent.  ])rotei(ls;  while  that  from  the  permeable  capillaries 
of  tlie  li\(M-  contains  from  G  to  S  ])er  cent,  proteids — in  fact,  almost  as 
mucli  as  ili(»  1)1()(m]  ])lasma  itself.  It  is  conceivable  that  we  might  alter 
the  aiiiniiiit  of  lym[)h  in  any  organ  by  changing,  not  the  intracapillary  pres- 
sure, but  the  tiltering  membrane,  i.e.  the  endothelial  wall  of  tlie  capillaries. 
Such  a  chaiiuc  can  be  l)rouglit  about  in  the  body  by  various  means. 
Thus  tJK'  ]icnii(^d)ility  of  the  limb  ca])illaries  is  considerably  increased  as 
the  etl'cct  of  any  local  injury,  such  as  that  caused  by  plunging  the  limbs 
into  water  at  oG  ('.  for  a  few  minutes.  Cohnheim  ^  pointed  out  that  if  a 
cannula  he  ])laccd  in  one  of  the  lym])hatics  of  the  foot,  and  the  foot  b(» 
then  scalded  in  this  manner,  in  a  few  minutes  the  lym])h  begins  to  Wow 
spontane<»nsly  from  the  cannula.  The  lym]>h  which  is  thus  ])roduced  is 
much  ricluM"  in  ])roteids  than  is  lym|>li  frran  a  normal  limb.  Moreover, 
as  dankowski-  showed,  the  amount  of  lym|)h  tlowing  fr(mi  the  foot  can 
now  ])e  \'aried  witliin  wide  limits  l>y  alteiiuLi:  the  ]»ressure  in  the  ca]>il- 
lai'ies,  either  by  liuature  of  the  vein  or  artery,  injection  of  salt  solution, 
or  production  of  Aasoniotor  ]taralysis.  I)y  this  scalding,  in  fact,  we  may 
reduce  the  liml)  ca]»illaii<»s  t<»  tiie  condition  of  liver  capillaries. 
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Htidenhnin*,^  fiviit  dajis  0/  li/mphauq/tifK — We  arc  now  in  a  position  to 
itiaeiiss  the  mode  of  a<?tion  of  the  animal  jioisoiih  inchuletl  in  the  first 
cla^d  of  lyniphagot^ues.  On  injecting  a  (lecoctioii  of  eruytish,  leeches,  or 
mussels  into  the  biorxi,  the  Ijrnpli  flowing  from  the  thoracic  duet  is 
increased  in  amount,  and  becomes  much  more  concentrated  t!ian  before. 
In  both  blood  and  Iraiph  coagulabihty  in  lessened  or  aliohi^lied ;  the 
blood  beoomes  more  concentrated  from  a  \osh  of  plasma,  wliile  the 
plasmii  itaelf  is  less  concentrateLl  than  liefore  the  injertitjn.  The  Ijlood 
presetire,  though  generally  lowered,  may  be  nnalteretl  if  the  injectiun  be 
CArefully  ea.meil  out ;  the  heart-beat  is  always  quickened,  lleidcnhain 
oancludes  that  tliene  Ijodies  exert  a  speciHc  intiuenee  on  tfie  endittfielial 
cells,  causing  them  tf^  necrete  an  increiLsed  amount  of  lymph  more  con* 
centrated  than  the  idoml  plasma. 

There  cao  he  no  doulit  that  the  greater  eoncentratiim  of  tlie  lymph 
obtained  imder  these  cireumst^Lnces  is  due  to  tlie  fact  tliat  it  is  chiefly 
derived  hxtm.  the  liver,  since  the  eHcct  of  these  lym|)ha^<)gueH  on  the 
lymph  flow  may  be  ahm)st  abolished,  if  the  portal  lymphatics  be  liga- 
tures! i*revioiii=i  tn  the  injectinn.  On  investigating  tlie  changes  in 
capilLtry  jiressure  cmisequent  nn  the  injcctioti,  1  have  found  tliid-  they 
lire  not  sufHcient  to  acconnt  for  the  increased  lynrpli  ]H(iductinn.  It  is 
true  that  injection  of  one  of  thesL*  bndies  is  invariably  fnllctwcd  liy  a  con- 
fiidemhle  rise  of  ju^essure  in  the  portal  vein,  associated  with  general 
^nacular  dilatation.  But  this  rise  of  pressure  is  comjiai-atively  transitory 
(Fig.  43)»  lasting  only  hfteen  to  forty  minutes^  wheieas  the  increased  lymph 
Bow  last«  from  forty 
minutes  to  two 
hours  after  the  in- 
jection. Moreo%'er, 
this  rise  of  pressure 
in  the  7»ort^d  vein 
would  have  mf>re 
influence  in  in- 
creasing the  ca]>il- 
lary  pressure  in  the  ^  ^^  '^  ^^ 
intestines   than   in     '"/  «/w»,»w  ^^tn^ct 

the    liver.       Taking     Fia.  43. — To  hIiow  etFe*  t»  of  tlie  injei  lir>i)  nf  ii  lytH[»hnjTnt;tie  of 
these  facts  into  CtiU-  *^**^   *'^'**^   <-l^s  on   the  XAtmd    prtnAurtfi   in    th<^   abduniinal 

_:j        .•  ,  origans,  mid  also  on  tlst»  lynijih  Huw.     (Fur  ENhlniifttiuJi  of 

Rideratmn,  we  must  cmes  seo  Fi^.  1 1.)  * 

conclude    that    the 

increased  lymph  i1o%v  oliservcd  after  injection  uf  lym]»ha^^fji:ucs  of  the 
first  class  cannot  Ije  accounted  f(»r  l>y  a  rise  of  capillary  pressnrc.  It 
is  open  to  us  to  conclude  that  these  iHirlies  act  in  Heidenhain  s  sense 
on  the  endothelial  cells  of  the  ca|nllarics,  excitinii;  them  to  an  artiv*^ 
8e<^Tetion.  It  must  be  remembered,  hnwi-ver,  tfint  nil  these  bodies  are 
active  j>oiftons.  We  should  expect  them,  lherefnn%  to  diminisli  rntber 
than  to  excite  ttie  ]iljysiolo^tcal  activity  of  the  enfktthclinl  cells.  We 
have  already  seen  that  the  effect  of  a  sli^jjht  injury  to  or  diminished 
nutrition  of  the  capillary  wall  is  to  increase  its  yH»rmeabililv,  I  would 
explain  the  action  of  these  bodies,  tliercfure,  as  depenilent  fm  injury  tn 
the  capillary  wall,  and  a  consequent  eTdianced  |*ci'me;ibility,  so  that  a 
pressure  which  is  very  little  above  the  norniid  rapillary  pressure  is  able 
to  cause  a  greatly  increased  transudation  of  tbnd. 

I  have  already  mentioned  that  these  bodies  cluclly  ,\\]h'i  tfic  cnpib 
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laries  of  tlie  liver.  Their  action,  however,  is  not  absolutely  confined  to 
that  organ.  I  have  experimental  evidence  that  there  is  a  certain 
degree  of  increased  permeability  of  the  intestinal  capillaries  after  the 
injection  of  these  lymphagogues,  an  increased  penneability  which  is 
l)rouglit  into  evidence  only  after  raising  to  a  certain  extent  the  pressure 
in  these  capillaries.  The  first  class  of  lymphagogues  also  affects  the 
capillaries  of  the  skin.  In  a  number  of  the  experiments  in  which  these 
bodies  ha  e  l)een  injected,  we  may  observe  a  rapid  development  of  an 
urticarial  eru])tion  on  the  skin,  and  it  is  a  matter  of  common  knowledge 
that  tlie  ingestion  of  the  animals  from  w^hicli  these  bodies  are  derived 
(mussels,  crayfish,  lobster)  is  often  followed  in  man  by  an  eruption 
of  uiticaria  whicli  may  or  may  not  be  accompanied  ])y  other  symptoms 
of  poisoning. 

Another  sujjstance  which  seems  to  act  directly  on  the  c<apillary  wall 
is  curari.  This  body,  however,  differs  from  the  class  of  lymphagogues 
under  discussion,  in  the  fact  that  its  chief  action  is  on  the  vessels  of  the 
limbs.  The  oifect  of  curari  in  increasing  the  lymph  production  in  the 
lim])s  was  noticed  long  ago  by  Paschutin  working  in  Ludwig's  labora- 
tory. Its  direct  action  on  the  endothelial  wall  of  the  capillaries  can  be 
easily  demonstrated  in  the  living  frog's  web.  It  may  be  seen  that,  after 
tlie  injection  of  curari,  the  cajullary  walls  become  apparently  more 
sticky,  so  that  tlie  capillaries  become  filled  with  a  number  of  leucocytes 
adhering  to  their  walls. 

Conclnslons. — Thus  a  renewed  investigation  of  the  facts  discovered 
by  Ilcidenhain  has  shown  that  they  are  not  irreconcilable  with  the 
filtrati(>n  hypothesis,  but  rather  serve  to  sup])ort  it.  At  the  same 
time  they  prove  the  extreme  im])ortance  of  the  factor  upon  which 
so  mncli  stress  was  laid  by  Cohnheim,  namely,  the  nature  of  the 
filtering  nienibrane.  In  fact,  we  may  say  that  the  formation  of  lymph 
and  its  coinjjosition  a])art  from  the  clianges  brought  about  by  diflusion 
and  osmosis  between  it  and  the  tissues  it  bathes,  depend  entirely  on 
two  factors — 

1.  The  i>('nneal»ility  of  the  vessel  wall. 

2.  Tlic  iutracapillary  Idood  pressure. 

So  far  as  oiir  experimental  data  go,  we  have  no  sufficient  evi- 
(h^ucr  U)  coiiclude  that  tlie  endothelial  cells  ()f  tlie  capillary  walls 
take  any  active  ]iart  in  the  forniation  f»f  lyni]>]i.  It  seems  rather 
tliat  the  \ital  activities  (jf  these  cells  are  devoted  entirely  to  maintain- 
ing,^ theii"  intcLriity  as  a  filtering  membrane,  dilVering  in  perniea]>ility 
accoidiiiLi:  to  the  region  of  the  body  in  which  they  may  be  situated. 
Any  injuiy,  whether  from  within  or  without,  leads  to  a  failure  of 
this  I  heir  one  function,  and  therefore  t(>  an  increased  permeability, 
with  I  lie  [»i(Mhiction  of  an  inerease»l  fiow  of  a  more  concentrated 
lyni]»h. 

\\'e  lia\e  no  evidence  that  the  nervous  system  has  any  infiuence  on 
the  jii'oduct  ion  of  lyiii])h  in  any  part,  exce])t  an  indiieet  one  by  altering 
tlie  capillaiy  pressuies  in  the  ])ait  through  the  internie(liation  of  vaso- 
constrictor or  dilator  fibres.  This  action  is  hetter  marked  in  situations 
where  the  ca]»illaries  aie  normally  veiy  peiniea]>l(^  or  where  the  ])er- 
nieahility  has  heeii  increased  by  local  injury  to  the  vessels,  or  by  the 
cirenlalinii  of  j)nisons  in  the  Idood  sti"eani.^ 

M"j.  ('uliiili.ini   u.    L.issar.    J'lrrhoir's   Jrc/iiv,    1S78,   VA.    Ixxii.  S.  13'2  ;    and  Jankow- 
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The  Physical  Fi^hces  conx*eil\ed  in  teie  Movement  of  Lymph. 

We  may  now  coiiBider  briefly  tlie  forces  which  bring  about  the  flow 
of  the  l\niipb  and  chyle  from  the  nri<,nn  of  the  lyiiqiliatics  towartla  the 
termmatron  of  the  thnracic  duct  in  the  subclavian  vein. 

In  the  living  aniuial  the  lyia]diatics,  hke  the  lilrxjil  vessel!^,  are  in  a 
condition  uf  moderate  distensiuii.  The  hiteral  prcHHuie  in  the  lymphatic 
duct  of  the  neck  was  niea.surcd  111  1849  by  Ludwig  and  Noll.^  In  the 
di>g  they  fonnd  that  this  pressure  varied  fioui  8  to  hS  mm.  Hodium  car- 
bonate solntinn.  A  little  later,  Weiss-  measured  the  ]a'essurc  in  tlie 
same  vessel  in  the  dog  jind  hnrs(\  In  tlu^  ilog  he  found  tliat  it  vjiried 
from  5  to  l!0  mm.,  and  in  the  biuse  from  10  to  20  mm.  soda  solution. 
The  latter  oljserver  also  esthuated  the  velocity  of  tlie  lymph  tlitw  in  the 
cervical  l\Tnphatic  by  means  of  Yolkmanns  hccmodronuaneter.  He 
frmnd  that  the  average  v'elocity  was  about  4  mm.  in  the  secruid,  a 
velocity  which  is  exceedingly  small  as  compjircd  with  tlie  velocity  of 
bkjoil  in  arteries  or  veins  of  the  same  calilirc,  and  is  only  a  few  times 
greater  than  the  velocity  in  the  ( apillaries.  Since  there  is  a  constant 
flow  of  lymph  from  the  periphery  to  the  thoracic  duct,  it  is  evident  that, 
as  we  trace  the  lymphatics  towards  their  radicles,  the  pressure  of  the 
hmph  must  increase.  This  increased  pressure  in  tlie  j>eri]>heral  ]>art.s 
of  the  lymphatic  system  is  shown  by  the  fact,  to  wtiicb  Rndberk^  first 
called  attention,  that  if  a  lym]iliatic  be  em[>hcd  by  [iressure,  it  always 
tills  fnmi  the  periphery,  and  if  a  ligature  be  ]>laccd  round  it,  the  vessel 
Bwells  upon  the  peripherab  and  shrirdvs  mi  the  central  side  of  tfie 
ligature. 

We  see  then  that  the  first  and  chief  faetiu*  in  the  miward  How 
of  lvTnj)h  18  the  pressure  under  which  this  is  burned  in  the  radicles 
of  the  Ipnphatics  and  in  the  tissue  spaces.  As  the  blood  flows  thmugh 
the  capillaries  at  a  given  pressure,  a  certain  ]>ruportion  of  its  lluid  con- 
stituents filtei«  through  the  vessel  wall,  iVaniiug  a  transudation  which 
is  still  under  a  certain  amount  of  pressure,  and  it  ia  this  remaining 
pressure  which  causes  the  onwarri  How  of  the  lymph,  nence  the 
ultimate  cause  of  the  lymph  flow  iimst  be  bpokt^d  for  in  the  energy  of 
the  heart's  contractirui. 

WhcTi  tliis  hypothesis  waij  first  put  forward  by  Led  wig  :itid  Null  (in 
npfMjsition  to  tlie  suction  theories  iruTitioned  prcvinnsly),  it  was  objei-ted 
tub?  Domlers*  on  anatrjuiical  grounds.  At  lliat  time  it  was  tlnaigbt 
that  the  lymphatic.^  fornu^d  a  closeil  system  of  capillaries,  raunfying  in 
the  tiittiues;  and  Bonders  ])ointcd  out  that  if  tht;  pressure  in  the  tissue 
juices  were  higher  than  that  of  the  contents  u\  tfic  lymphatt(M'a]>illarics, 
the  effect  would  l>e,  not  a  flow  froru  spaecs  into  eapillaries,  but  a  enllapse 
of  the  latter  with  obliteration  of  their  lumen.  Further  anatomical 
iiiYestigations  have  shown  us,  however,  that,  in  the  first  place,  the 
lymphatics  are  probably  not  a  chtscd  system  of  tubes,  but  are  in  com- 
munication with  the  tissue  s]taees  ( liecklinghatisen/'  Lmlvvig) ;  and 
iiecondly,  that  the  walls  of  the  lymphatics,  stt  any  rate  in  certain  situa- 
tions, are  so  connected  by  strands  of  elastic  fibres  with  the  surrounding 

•  **ExpN?rimenti?nc  Untei-puoli.  ivrlit?r  <Hf  Lvnu'^'^tmui/'  l)is,s.,   r>iH|Kir,  ISiSO  ii|Uote«l  ]»v 
Gruenhagen,  Bel.  i.  S.  282). 

'  toe.,  cil,  *  ZMtr.f.  raf.  Mv/.,  IJ^fia,  X,  K.,  M.  W.  S,  li:3S. 

*  Strieker**  **  Histologj,"  Syd,  ^vc.  Tram.,  180S»,  vol.  i.  p.  2t^7. 
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connective  tissue,  that  a  ilse  of  tension  in  tlie  meslies  of  tho  latter  will 
only  drag  tlie  walla  of  the  lynij^hatics  furthei'  apart,  and  thua  inci"ease 
rather  Hian  diinini^eh  their  lunjeiu^ 

Altliough  the  blood  pressure  ih  therefore  the  primary  mechanical 
factor  in  the  movement  of  lymph,  there  it  re  several  other  factors  %vhieh» 
though  Bubaidiary,  are  of  considerable  importance.  In  the  tirBt  plaea,  the 
flow  of  lymph  through  the  tlioracie  duct  is  much  aided  by  the  ref^pira- 
tory  movements.  In  all  experiments  on  the  subject  of  lymph  formation, 
it  is  necessary  to  loa  ntain  the  animal  in  as  quiet  a  conditiun  as  possible, 
since  any  disturlmnce  of  the  rcBpiratcjry  luovements  eanses  a  variation 
in  the  lymph  tiow  from  the  thoracic  duet.  With  every  inspiration,  in 
consequence  of  the  descent  of  the  diapliragrn,  tliere  is  a  rise  of  pre8siire 
in  the  aljdoiainal  cavi'  i^ure  in  the  thorax.     Hence 

we  get  an  euiptyiutr  c*f  he  ahtlomen,  including   the 

receptacuhini    chyli»   j  the    duct   in   the   thoracic 

cavity.      With   each  iie   duct   tends   to  collapse 

to  a  certain  degree  into  the  veins,  a  backward    ■ 

flow   of   lymph  heuj^  nlves  in   the  duct,      If  a    " 

manometer    be   conne  jh  the    thoracic  duct,  it  is 

found  tliat  there  is   ■  tiug   exphation  and  a   fall 

during  iuspu^atitni,  so  r  periud  the  pressure  may 

become  negative. 

Respiration  has  als*  ^nce  on  the  lyui])h  tlow.     With 

each  ins|iiratiou  the  negativ  the  thorax  is  increased,  so  that 

a  negative  ]uossuro  ia  also  pnidnL-L-n  in  tlie  intratlioracie  venous  trunks, 
which  must  cause  a  sucti(»n  of  lymph  tlu'rnigh  the  thoracic  duct  into  the 
subclavian  vein.  That  the  Idood  pressure  in  the  Bubclavian  vein  at 
the  opening  of  the  thoracic  duct  is  of  iuiportance  for  the  ilow  of  lymph, 
is  shown  ])y  the  fact  that,  if  the  pressure  here  is  raised  in  any  way,  as  by 
ligature  of  tlie  vein,  the  flow  of  lymph  is  entirely  stopped,  and  there 
may  be  a  reflux  of  Idood  from  the  vein  into  the  duct. 

The  work  of  Ludwig  and  his  pupils  has  revealed  to  us  the  existence 
of  certain  anatomical  arrangements  for  furthering  the  flow  of  lymph. 
Tims,  in  all  tendons  and  aponeuroses  of  the  body,  we  find  a  double 
system  of  lymphatics,  consisting  of  a  deep  network  of  capillaries  with 
meshes  elongated  in  the  direction  of  the  fibrous  bundles,  and  lying 
directly  on  the  muscular  fibres ;  and  a  superficial  network  with  polygonal 
meshes  lying  in  the  peritendinous  connective  tissue.^  Both  networks 
are  in  cfninection  by  means  of  small  vertical  branches,  and  contain  no 
valves.  It  is  found  that  the  slightest  pressure  or  stretching  of  the 
a])oneuroses  causes  a  flow  of  lymph  from  the  deep  into  the  superficial 
meshwork,  and  from  here  into  larger  lymphatic  vessels,  which  pass 
through  the  substance  of  the  nuiscles  to  join  the  large  lymphatic 
trunks.  A  very  similar  arrangement  of  lymphatics  has  been  described 
l)y  Ludwig  and  Schweigger-Seidel,^  in  the  central  tendon  of  the 
dia])hragni.  'i'hese  may  be  injected  by  introducing  some  coloured  fluid 
int(j  the  abdominal  cavity  of  a  freshly-killed  animal,  and  then  c^irrying 
out  artificial  respiratory  movements. 

The  physiological  jnoof  of  these  deductions  from  anatomical  obser- 
vations was  furnislied  by  Genersich,*  who  showed  that  the  lymph  flow 

'  r,:iskf'll,  Arh.  a,  d.  phifniol.  Amt.  zu  Leip-Jfj,  1876. 

-  "  Di*;  Lynijilii^cfassc  der  Fascien  mid  Selinen,"  Leipzig,  1872. 

'-'  Arh.  a.d.  phifsioL  Anst.  :u  Lrijrjij,  1S6>).  **  Ibid.y  1870, 
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eoald  be  largely  increased  by  passive  ftexinii  and  extension  of  the  limbs. 
We  must  thei-efore  locjk  \i\>fm  the  entire  nmseidar  system  as  one  of 
the  chief  sources  of  the  energy  for  nniiiitainin*:  the  lymphatic  circula- 
tion, especially  as  the  presence  of  vjilvea  in  the  lyniphiitics  converts 
every  muBcular  unntractinn  which  niuy  press  on  the  vessels  into  a 
dri\ing  force. 

We  have  finally  to  consider  the  eHect  of  changes  in  ilie  calibre  of 
the  lymphatics  themselves  on  the  onward  tiow  of  lyuiph.  hi  the  frog 
(and  in  other  aniphihia,  and  also  in  f^aunqmkia)  the  lynipli  circnlation 
is  maintainetl  by  special  contractile  c^ivities  called  lymph  licai  Is,  situated 
in  pairs,  an  anterior  |>air  l^eneath  the  scapulte,  mid  a  jiosterior  paii-  in 
the  ileo-coccygeal  space. 

The  chief  points  with  regard  ki  the  imnnal  loiatoaiy  axuI  i*hy.siology  of  the 
haUachiiin  lymph  hearts  have  lieen  j^iimmetl  vi[jas  fulluw?:,  by  J.  l'ri*.\stley  :  *  — 

L  The  hearts  are  iiiu.scnlar  sauhj  the  tibraa  of  wliirh  brunrh  and  freely 
.laastomose  and  are  transversi'ly  striated.  Their  avails  are  penetrated  by 
meduUated  and  non-medullated  nerve  tifaea,  and  smali  niTve  gaiighu  are 
sitxiated  in  the  neighbourhood  of  the  hearts,  but  no  ganglion  cells 
have  as  yet  been  recognised  amidst  the  muscalar  fibres.  They  collect  the 
Irmph  from  more  or  less  extensive  lyrajihatie  regions,  and  furee  it  past  valves 
into  large  veins^  the  anterior  jiair  of  hearts  into  branches  of  the  jugular,  the 
posterior  pair  into  bram^hes  of  the  iseliiatie  vein.  They  are  supplied  by 
oerres  from  the  spinal  cord,  the  anterior  pair  by  the  seconil,  the  pi  ulterior  pair 
by  the  tenth  spinal  nerve, 

2.  The  hearts^  exhibit  tbronglnnit  life  a  ptikatioii  with  a  mean  rate  of 
sixty  to  seventy  a  minute.  It  is,  h^jwrver,  not  t'«jjitinuuiisly  regular^  being 
interrupted  by  pauseiij  and  by  peri^tds  uf  great  aceeleriiLion.  The  panse-s  some- 
times follow  movements  on  the  [>art  of  the  animal^  but  often  they  cannot  be 
aet  down  to  any  definite  cause.  After  sueli  pau?>es  the  pulsatioiLs  beghi  as 
twitches  before  falling  into  beats  of  normal  fulness.  The  periods  ni  afceleratiun 
aho  seem  to  he  determined,  for  the  moi^t  part,  by  movenientH  of  the  animal. 

3.  The  hearts  are  governetl  hy  cerehnj-spiual  eentret< — motor  and  inhibitory. 
The  motor  centres  are  sittmted  in  the  spinal  conl,  those  for  the  anterior  pair 
opposite  the  third,  ioid  those  for  the  posterior  ]>air  opjroi^ite  the  sixth 
vertebra.  They  transmit  their  impulses  down  tlu^  a|tpropriate  spinal  nerves 
of  their  owo  !i*ide  of  the  b^dy ;  and  each  is  iitdeptaulent  oi  the  rest  They 
originate  the  normal  rhythm  of  the  hearts  ;  and  their  action,  whaO?ver  its  exact 
nature,  is  automatic,  or  not  rhie  directly  to  atterent  stinmli ;  lienie  no  chauf^^e 
in  the  lymph  current  tmversing  the  liearts  can  alter  their  rhythm.  Tlie 
inhibitory  centre  is  situated  iJi  the  eneepbalon,  in  the  ojitie  lobes ;  it  is 
constantly  in  action. 

4.  These  centres  are  in  connection  with  afferent  nerves.  Strong  stimuli, 
applied  to  the  blood  heart  or  to  the  alKlominal  viscera,  lead  to  inhibition  of  the 
heart  beats,  if  the  upper  centre  is  intact ;  whih;  strong  sensory  sLiinnli  ai)[tlied 
to  the  skm  may  inhibit  the  lympli  hearts  whether  the  upper  centre  is 
present  or  not, 

5.  But  though  governed  by  tlie  above  centres,  tlie  lynij)!!  hearts  seem 
cajjable  of  an  irregidar  pubation  when  separated  from  tlieni.  Siieb  put^ation 
consists  of  flickers  and  indefinite  confused  twitchings  ffir  the  most  part, 
which,  when  the  heart  is  vigorous,  harrnoni:"?e  occasionally  to  fidl  heats.  The 
nature  of  these  movement^H  is  still  doubtful.  The  most  tliat  can  be  said  aljout 
them  is  that  they  are  probably  not  solely  muscular,  since  cnrari  al*obshes  them* 

*  Jmtrn,  Phyifiol.,  Cambridge  and  London,  187P,  vol.  i,  p.  1.  Cf.  also  the  uccfuujt  hv  v. 
Witticb  in  HermAUii's  "Hftnubiicb,"  Bd.  v.  (2)  i^.  32^,  where  fall  referuiicc«  to  tlie  liter- 
Atute  of  the  ftubject  are  given* 
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No  such  mecha  lit^m  exists  in  the  iimiunialiit.  Heller  and  Colin 
have  observed  rhyt,,miie  contractions  of  the  laeteals  in  the  mesentery; 
but  only  in  the  lierhivoiiL  lit  tlie  c^ine  ui  the  chyle  veBsels,  Briicke  *  haa 
shown  that  thennvianl  fiftw  of  lyiupli  is  Iielped  h}^  the  rhythmic  c<»n- 
tractions  of  the  iiaiMndar  libre?^  fif  tlie  inte.stiiial  vilh,  wliieh  tMtipty  the 
central  cavity  of  tht  villiif^  into  tlie  noderlyiTi^  network  of  lymphatics. 

Since  the  walls  if  mo^t  lymphatic  vesael^  and  of  the  thoracic  duct 
are  provided  with  tn^triateil  umHcidar  libren,  we  should  exj>ect  theae 
vessels  to  be  conntr  ;^ted,  in  conBequence  of  direct  stiunilatioii,  and  BUch 
constrictions  have  teen  nhst^rvc*!  in  executed  criniinala.  It  \im  bt^en 
shown  more  recently  that  an  active  contiaetiun  «ir  dilatation  of  the 
lymphatics  c<an  he  Ijronght  ahfuit  by  eleeincal  istiinidatiou  of  certain 
nerves.      Tlius    Pavd  noticed   ei*ntraction   of    the 

lacteals  on  stimnhitio^  n  es,  and  a  ddatation  of  the 

same   vessels   on   ext  i.     Gley   and    Camus'*  have 

lately  repeated   thep^  arefully,  and  have  f^btained 

graphic  evidence  of  eriia  lyniphatiea  on  stimula- 

tion of  the  splaneJj:  nun  of  the  cisternu  probably 

explains  the  teiii]/or  mi^i  tiow  from  the  thoracic 

duct  which  I  describe  set  of  splanchnic  stimulation. 

It  is  probable,  hi  contractility  of  the  walls  of 

the  lymphatics  is  c  ee   for   the    thnv    rif    lymph 

througli  them.    Tlie  o  .re  uf  importance  are  meelianical, 

and  are — 

1.  The  pressure  under  wni  .,  .,..-  ]yni]>h  is  ]Hnircil  into  tlie  ti^ue 
spaces.  Tliis  in  its  turn  is  deptiudt^iit  on  ike  diHeieuceb  of  pressuiie 
l)etween  the  intra-  and  extracapillary  fluids,  as  well  as  on  the  per- 
meability of  the  vessel  walls. 

2.  All  the  muscular  contractions  of  the  body,  and  especially  those 
by  which  the  respiratory  movements  are  carried  out. 


i 


The  Absouption  of  Lymph  from  the  Connective  Tissues. 

Relative  importance  of  blood  vessels  and  Ijmiphatics.— Before 

the  discovery  of  the  lacteals  by  Asellius,  anatomists  ascribed  the  ofhce 
of  ajjsorption  generally  to  the  veins.  From  this  time  until  the  begin- 
ning of  tlie  present  century,  no  subject  was  more  hotly  disputed  than 
the  question  (jf  the  relative  importance  of  the  veins  and  of  lymphatics 
in  the  processes  of  absorption. 

It  was  generally  conceded  that  the  lacteals  performed  practically 
the  whole  work  of  absorbmg  the  products  of  digestion  from  the  intes- 
tines ;  l)ut  the  views  as  to  the  functions  of  the  other  lymphatics  of  the 
body  were  many  and  various.  Thus,  when  Nuck^  first  made  his 
ex])erimeiits,  in  wliicli  he  thought  he  injected  these  lymphatics  from  the 
arteries,  he  concluded  that  they  had  no  other  use  than  as  correspondent 
veins,  to  return  the  lyin])h  from  such  arteries  as  were  too  small  to  admit 
the  red  blood  coipuscles.  As  anatomical  and  clinical  knowledge  increased, 
it  was  gradually  recognised  that  the  general  lymphatics  of  the  body  had 
a  function  similar  to  that  of  the  lacteals  in  the  intestines,  and  like  them 


'  "  Ueber  die  Cliylus<,'erji.sse  uiid  Foitbewrgmi«^  des  Chylus,"  Wien,  1853. 

-  Coinpt.  rend.  Acad.  d.  «c.,  Paris,  Marcli  13,  1872. 

"^  "  Keclierclies  dans  les  caust's  de  la  cinnilatiou  lynipliatique,"  Diss.,  Paris,  1894. 

■*  *' AdiMiotnaitliia  cunosii.''  Tifid.'i».  1<»91. 
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were  able  to  absarli  lluidii  as  well  as  solids  in  fine  suspension  or  solution. 
A  numl>er  of  reasoua  for  this  eonulusiou  are  givun  hy  riohannes  Miiller, 
aud  I  may  quote  some  of  tlie^e  as  au  exanijile  of  the  ar;^unieiits  hy 
winch  older  anatniiiists,  sueli  as  Jlunler  and  llewsini,  had  couie  to  liold 
LbLs  opiiiion.  In  the  tirst  plare,  the  Ijjiiphaties  often  hecoine  painful, 
fwl  streiiks  appear  in  their  course,  and  the  neigldHJiiring  lymphatic 
gLmds  l^tjcome  swidlen  after  the  applieatitai  by  frietion  f)f  irritating 
matters  to  the  skin.  Masaigni  asserteil  that,  in  animals  which  died 
fpjm  pulmonary  or  abdmaiual  h:i  lainrha^e,  the  lyin)>hiities  of  the  pleura 
and  jjcritoneuni  were  Hlled  with  l»li»nd  (Miiller  discreilits  this  assertion  as 
''extravagant").  Maseay:ni  and  Soennnerin;^  ol>serveil  bile  in  the 
Ivmphatie^s  coming  from  the  liver,  in  ttiwew  wliere  the  lale  duets  were 
rrlpstructecl  Tiedemaun  and  Ginelin,*  after  tying  tlie  ductus  eholedo- 
cbiisin  dogs,  found  the  lyniphaties  of  tlui  liver  filled  with  a  tluid  of  a  deep 
yeilnw  eolonr.  The  lymphatic;  glands  tlnuiigfi  whitOi  these  lynijihaties 
passed  were  yellow,  aiul  the  yelluw  fhdd  taken  fi  nm  the  thMra<dc  tluet  eon- 
tained  biliaiy  constituents.  The  ellert  of  this  and  siniilui'  evidence  \m  tin* 
mimls  of  the  anatomists  u\  Hunti^rs  time  was  rather  curious.  Since 
miture  liad  jjrovitled  a  svstem— -^the  lymiiiiatics^ — on  purpose  to  serve 
the  office  of  absorption,  it  was  considered  in  tlie  highest  degree 
improbable  that  this  office  would  also  he  carried  out  hy  tlie  veins,  and 
WillKiiii  anrl  JoJm  Hunter,  as  tla*  result  nf  experimeuts  on  ahsnr]*tion 
fium  the  intestines,  cotk  hided  thitt  the  veins  take  no  part  in  sdjsuriition. 
To  this  view  of  exehisive  pnwer  of  ahsurjttinn  possessed  hy  the 
lyiapbatics,  it  was  objected  that  animals  exist  whirli  possess  neither 
lacteals  nor  lymphatics.  It  was  therefoie  regarded  as  a  brilliant  victory 
for  the  hypothesis,  when  Hewson  demonstrated  the  existence  of  lacteal 
and  lymphatic  vessels  in  birds,  re]itiles,  and  hsiies. 

Subsequent  rese^irches,  esj>ecially  by  MagcUilier  iiave  shf>wn,  bow- 
ever,  that  al)sorption  from  all  parts  of  tlie  body  can  be  ell'ected  by 
bkwxl  vessels  as  well  as  by  lym]4iatics,  Mngeiulie's  researches  have 
heeu  continued  and  extended  of  late  years  by  Ascher^  in  the  ease  of 
the  e4>nneetive  tissues  of  the  lower  limbs,  by  Tubby  anrl  myself*  in  the 
case  of  the  jileural  and  peritoneal  cavities.  We  found,  for  examjile, 
that,  after  ejecting  methylenedjlue  i»r  indigo-eanuiue  into  tlic  ]»leura, 
the  dye-stnff  apiiexired  in  the  urine  within  five  minutes,  wlieicas  tlie 
lympli  presented  no  trace  of  blue  for  another  twenty  mirmtes,  (*r  even 
two  huurs.  It  is  evident  that  in  this  case  the  dye  must  have  been 
taken  up  by  the  lilood  vessels  and  not  by  the  lymphatics,  and  tliat 
this  vascular  absorption  takes  place  witli  extreme  m| nil ity.  In  a  later 
aeries  of  experiments,  Ix'athes^  has  slii>wn  that,  nfter  inlUMluctiuii  of 
various  sjilt  solutions  into  the  serous  cavitit^s,  au  interchange  of  con- 
8titnents  takes  place  directly  between  the  lAuiA  and  the  injeclerl  Unitl, 
m  that  the  latter  in  a  very  short  time  becomes  isotonic  witli  tlie  blood 
plaamE.  Now,  in  this  nutde  of  alisor]>tion  by  the  blood  vessels  the  so- 
called  abeorptifui  really  eunsists  in  an  intendian^^e  between  IjIooiI  and 
extravascular  tluids — an  interclmuge  apparently  ilependent  entirely 
upon  prfKjesses  of  diffusion  lietweeu  tliese  two   tluids.     So  long  as  any 

*  t^uot€<l  by  Miiller  (Baly's  translation,  vuL  i.  \k  242), 

*  Precis  *fKmjeti  till  re  iitt  pliysHiulogie/'  I'aris,  18,i6. 

^  Zt9C}iT.f.  Bi^,,  MUncheii,  IS^a,  \V\.  xxix.  S.  lAl. 

*  Journ,  Phf/ini}i.t  Cariibriilge  and  LorRloii,  \^^i,  vnL  xvL  ]k  110. 

*  Iffid.,  18y&,  vol.  xviii,  p.  106* 
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difterence  in  composition  exists  hetween  intra-  and  extravasculai*  fl 
80  long  \i\\\  difhision  currents  lie  set  up  tending  to  equalise 
difference. 

Absorption  of  iBotonio  fluids, — ^These  experimente,  therefore,  " 
no  direct  lieruing  on  the  absorption  of  lynqih,  Z,^,  the  normal  ti 
juices.  In  tbi^i  case  the  fluid  tfi  be  absorbed  resembles  in  aluios 
particulars  the  blood  plasma,  and  possesses  the  same  osmotic  preB 
as  the  latter,  su  tliat  it  would  ^eera  that  there  are  no  forces  of  ditfi 
or  osmosis  tending  to  ahsorjition,  Mtiller^  concludes  from  siu 
considerations  that  *'  the  reinovtd~?jf  collections  of  fluid  must  l3e  effe 
in  many  casut^  liy  means  of  the  lymphaticSj  independently  of  im 
tion  into  the  rapillaries."  The  mechanism' of  tliis  lyuiphatic  absorj 
has  been  ahcariy  stud  *  now  Uj  inquire  whether  at 

time  fluids,  such  as  tl  present  in  the  tife^sues  and  isot 

with  the  bluod,  can  be  le  blood  \^essels. 

We  may  arraTige  f  wHiich  have  been  made  to  dc 

this  point  under  thre< 

1.  In   the  iinst  ai  were  made  nn  the  ahy^^rptio 

isotonic  salt  solutions  ii  from  the  i*leural  and  jK^ritc 

cavities.      Orlow,^  w^o  leidenliain's   direction,  found 

such  fluids^  were  ahsoJ  ri  the  peritoiical  cavities  of  li 

animals,  while  tlie  Ij  a  cannula  placed  in  the  tho] 

duct  showed  uo    (or  t  crease,  in    no    way  a^nqtambl 

the    amoiHit   of  fluid   aoso  e    concluded,   therefore,   that 

absorption  was  elVecteil  by   tUe   ..*v,lk1   vessels  and  Wiis  dependen 
the   vital  activity  of   the   cells  liuing  the  serous    cavities   or   of 
endothelial   cells   of   tlie   capillarie8.      Handjurger    and    Leathea 
firmed   the^e  result?^,  hut  sliowed  tliat  tliey  c<udd  not  deijend  on 
vital  acti\ity  of  the  ejulothelial  cells,  since  absorpfciou  took  place 
equal  rapidity  even  when  poisonous  solutions  of  sodiiun  fluoride  ' 
employed. 

•  The  gresit  rdijection  to  these  experiments  is  tljat  they  dir  not  p 
conclusively  absorption  by  the  bloud  vessels.  It  is  still  pussibie  that 
fluids  may  have  been  taken  up  by  the  subserous  lymphatic  network 
had  not  reached  the  thoracic  duct  during  the  experiment.  This  ii 
objection  raised  l)y  Cohnstein,^  who  concludes  from  very  similar  ex] 
ments  that  these  fluids  are  carried  away  solely  by  the  lymphatics. 
might  be  thought  that  this  question  could  be  easily  decided  by  obser 
whether  fluids  were  still  absorbed  from  the  serous  cavities  after  liga 
of  both  lym])hatic  ducts.  I  have  made  a  number  of  experiments  of 
description,  but  have  failed  to  get  decisive  results.  It  is  true  that,  i 
ligature  of  l)oth  thoracic  ducts  as  well  as  of  the  right  innominate  "^ 
isotonic  salt  solutions  were  taken  up  fairly  quickly  from  the  se 
cavities.  In  none  of  these  cases,  how^ever,  could  I  be  certain  that 
lymph  was  al)S()lutely  shut  oft*  from  the  blood.  As  a  rule  I  inje 
on  three  succeeding  days  several  hundred  c.c.  saline  solution  into 
peritoneal  cavity,  the  last  injection  containmg  carmine  gi*anule 
suspension.  On  killing  the  dog  two  days  after  the  last  injection, 
peritoneal  ca^'ity  was  generally  found  to  be  empty,  and  carmine  grar 
could  be  traced  along  the  glands  of  the  anterior  mediastinum,  sho^ 
that,  iji  spite  of  the  ligature  of  both  lymphatic  ducts,  there  had  be 

»  hoc.  cit.  2  Arch.f.  d.  gcs.  Physiol.,  Bonn,  1894,  Bd.  lix.  S.  170. 

^  CeiUralbl./.  rhysioL,  Lei})zig  u.  W'ien,  1895,  Bd.  ix. 
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paaMge  of  lymph  upwards  and  through  the  chest.     We  must  therefore 
look  to  other  met  hods  to  decide  tliis  riiieBtion* 

2.  There  is  a  whole  series  of  exjjeriinents  maele  bj  otlier  ohserveiiB 
which  I  think  prove  couelumvely  the  jiower  of  the  hlood  ypw^els  to  take 
up  fluid  from  tlie  tissue  sjmce??.  If  ao  animal  lie  tiled  several  times,  it 
will  be  foinid  that  the  blond  dhtained  111  the  later  bleedings  in  more 
watm'  than  that  obtahied  at  tiie  beginning  of  the  exjierimenL  Now 
tliis  diminution  of  total  sohds  in  the  blnotl  seems  to  be  due  chietly  to  a 
dilution  of  the  serum ;  the  serum  contains  less  solidK  than  before,  and  m 
increased  in  volume  relatively  to  the  Idooil  corpuscles,  I  may  here 
<|Uote  some  observations  wliieh  show  this  poiiit.^ 

Dog  11-4  kilos. — Soliiis  of  serum  =  7 '72  per  cent.  Dog  then  hied  to 
220  cc.     Thirty  minutefi  later,  solids  of  serum  =  7 '14  per  cent. 

In  another  experiment  the  soHds  of  the  serum  were  at  first  6D8  per  ecnL  ; 
after  bleeding  to  200  c.c.  =  6'57  percent;  after  farther  bleeding  to  100  e,c, 
=  6  "37  per  cent. 

In  a  smaller  dog  (6 '5  kilos.),  withdrawid  of  150  r.Lv  blood  reiluced  the 
solids  of  the  serum  from  7 '7 7  per  cent  to  6*47  per  i  ent. 

It  must  be  noticed  that  this  attempt  to  regulate  the  amount  of  tlie 
cirtulating  hlood  by  bringing  it  uji  to  its  nnrnial  vuhnne  is  carried  out 
with  great  rapidity,  so  that  it  is,  even  while  an  animal  is  being  bled, 
found  that  the  later  portions  of  blond  are  more  dilute  than  the  earlier 
pcirtions.  That  the  fluid  which  is  added  to  tlie  blofjd  in  theae  eases  18 
derived  from  the  tissues  or  tissue  spaces,  is  shown  Ity  LazaruH-Barlow's- 
experiments.  This  cUlntion  of  the  Idiiod  takes  place  even  when  the 
thomcic  duct  is  tied  or  when  the  lynq'h  is  eondueted  ;tway  by  placing  a 
<Tianula  in  the  duet,  so  that  it  cannot  be  due,  as  was  iVaiueily  thought, 
ti)  an  inerea,sed  lymph  flow  into  the  blood. 

3.  Ill  urder  to  be  abHidutely  certain  (^f  the  jjower  uf  the  blood 
ve*t.*?el3  to  take  up  isotonic  sedations  and  dro]>siciil  tluids  fronj  tlie 
tissue  sfiaees,  I  camed  out  a  series  of  experiments.'^  in  which  1  led 
defibrinated  blood  throngh  the  blood  vessels  of  aiapntate<l  limbs.  In 
each  case  I  !iad  a  double  set  uf  tnnisfiiision  apparatus,  and  sent  taiedialf 
of  the  blooil  many  times  thrungli  a  limb  wliich  liad  been  lendered 
(Irtjfisical  by  the  injection  of  isotonic  wdt  sohition,  while  simnltaneously 
Htiid  was  Uowing  at  t!ie  same  pressure  througli  tbe  otlu^r  limli,  whicli  was 
nnt  dropsical,  and  thus  served  as  a  control.  In  each  ease  the  blood  was 
Juialysed  and  its  luvmoglobin  estimated  liebne  the  experiment,  and  from 
Imth  Umbs  after  the  experiment  It  was  invarialdy  found  tliat,  whereas 
the  blooil  which  Iiad  passed  from  twelve  to  twenty-tive  times  tbiuugb 
the  sound  limb  had  Ijecome  rather  more  eoueent rated,  the  blood  whicli 
tiad  passeii  through  the  cedematous  hnib  had  taken  up  fluid  from  this 
Umb,     I  may  here  quote  one  of  these  experiments  as  an  example:— 


b  Blood  before  experiment 

2,  After     twenty     passages 

normal  leg 

3.  After     twenty     paasagea 

(edeumtons  leg    . 

*  Twberewkow,  Arch,/,  d.  ges.  rhijnoL,  Itonii,  1805,  IVl.  hii.  S.  301. 
^  J(mm.  Ph)fsud.,  Caiiibndge  atid  Loudon,  vol.  xvi.  [»,  13. 
*Ibid,,  1895,  vol  %ix,  |i,  312. 

VOL.  L— 20 


Total 

Pi'neuta^e 

Solids. 

of  0 

ityhiirnij^dobiri. 

,                ^ 

21  "2  jier  cent. 

100 

through 

,          , 

214 

103 

through 

00*5 

95 -5 

3o6         PRODV      ION  AND  ABSORPTION  OF  LYMPIL 

From  a  coiii^ifleration  of  tliese  factH  we  must  condude  that  lymjih 
and  saline  Boliitions,  motonie  witli  tlie  lilood,  iimy  be  taken  up  hy  tlie 
blood  circuLitmg  through  the  capillaries,  and  tliat  this  process  may 
occur  comparatively  rajiidly. 

Effect  of  intracapillary  presBure. — We  have  ali*eady  seen  how 
any  excess  of  iutraiiapillaij  pres^isure,  auch  as  acof^mpanies  plethom, 
causes  an  increa^ec.  transudation  from  the  capillaries,  so  that  the 
volume  of  circulatii  g  fluid  m  diiiiiiiished*  Kow  we  see  that,  on  anj^ 
diminution  of  capU  aiy  pressure  taking  place,  as  after  bleeding,  the 
fluid  in  the  tissue  E^paces  goes  back  into  tlie  veBsela  tti  umke  up  for 
the  volume  of  circulating  tliud  lost,  This^  wonderful  kilaiice  l>etweeu 
capillary  pressure  and  lymph  production  or  absorption  is,  I  think, 
well  illustrated   by  L  _    -     -      -    srvations.     This  author   lias 

shown  that  the  sHght  )y  wra]>ping  up  a  limb  in 

Esmarch  8  bandage  cax  reiise  in  the  transudation  in 

other  parts  of  the  bor'  gra%'ity  of  tlie  tissues  of  the 

upper  Umb  for  inst^  jeciflc  gravity  of  the  blood 

rises.     The  reverse  i.  tation  i^  restored  to  a  limb 

which  has  btn^u  kept  or  two.     Here  considerable 

hypersemia  of  the  affe  ind  corresponding  an ^tmia  of 

other  parts  of  tbe  hot  absr»rption  as  well  lis  tiaus* 

udation  through  the  mined  by  the  intracapillary 

pressure.     When  the  .duuation  is  increased,  when  the 

pressure  falls  absorption  is  vYe  have  seen  tliat  the  depend- 

ence of  transudation  on  capillary  j_ji^cjc^ure  is  susceptil)le  of  a  fairly  simple 
mechanical  ex]ilanation.  We  have  now  to  discuss  the  mechanism  of  the 
absorption  process. 

Mechanism  of  absorption,— Filtration. ^ — Is  absorption  effected  by 
the  active  iuteiventinn  uf  the  eud(jtliehal  cells,  or  are  there  physical 
factors  at  work  which  will  serve  tu  explain  it?  An  expkuation  of 
absorption,  \^liich  will  strike  anyone  wlio  investigates  this  |in>blem,  is 
that  it  may  tnke  ]>lace  in  the  sam^^  rnnmicr  .ns  lyiuph  in  produced, 
i.e.  by  a  process  analogous  to  filtration.  A  series  of  mechanical 
experiments  ])y  Klemensiewicz  ^  would  seem  at  first  sight  to  show 
tliat  such  a  backward  filtration  is  impossible.  Klemensiewicz  points 
out  that,  if  fluid  l)e  passing  at  a  given  pressure  through  a  permeable 
tube  contained  within  a  rigid  tube,  transudation  will  occur  imtil  the 
pressure  of  the  transuded  fluid  is  equal  to  that  of  the  fluid  flowing 
through.  At  a  certain  point  in  the  experiment  the  pressure  of  the 
transuded  Huid  will  exceed  the  pressure  at  the  outflow  end  of  the 
tube.  The  tulje  w^ill  collapse  and  the  flow  through  it  will  be  stopped. 
He  imagines  that  the  same  sequence  of  events  occurs  in  the  living 
body  in  the  ])resence  of  a  considerable  transudation.  Arteries,  capil- 
laries, and  veins  are  bathed  in  the  transuded  fluid.  The  fluid  which 
leaves  the  capillaries  will,  if  a  free  outflow  for  it  be  absent,  after 
a  time  attain  a  ])rcssui-e  near  that  ruling  in  the  capillaries  and  higher 
than  the  venous  ])rcssure.  The  veins  will  therefore  collapse,  venous 
obstruction  will  be  ])roduced,  and  the  capillary  pressure  and  trans- 
udation will  be  higher  than  ever,  so  that  we  have  a  vicious  circle 
of  events  tending  continually  to  increase  the  cedema  of  that  part. 
Now  Klemensiewicz'  ()bjectiMns  are  true  only  under  one  condition — i.e. 
that  the  venous  tul)cs  should  run  freely  through  the  lymphatic  spaces  of 
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th«  tissues  If,  however,  we  consider  a  syRtein  in  which  the  inner 
tube  i?  comieeted  iit  varinuH  points  in  itn  eirt'iunferenfie  to  the  outer 
tube  by  stmnds  of  ^il>re«,  it  is  u|>]»arent  thjtt  w  rine  i»f  prej^.sure  in  the 
space  8un'onn<ling  the  inner  tiilte  will  only  wervii  to  extend  thihs  tnlie 
still  further.  No  colkpwe  will  take  j^lace,  but  w  hai-k  filtration  will  be 
possible.  It  we  cut  sections  of  injected  connective  tisHiies,  we  find 
that  the  c-apUlftries  are  l^ound  to  Hurronnding  iiiuts  l»y  radiating  fihres 
which  might  f>ris«ilily  prevent  theii*  coUapwe  un^ler  high  extra\^asciilar 
pressure.  In  the  larger  veins,  on  the  other  hand,  ttie  armiigenient  of 
the  fibres  of  the  adventitia  is  circular  and  nut  radial,  so  that  a  higli 
extiaTaacular  pressure  would  apptirently  cause  collapse  of  tlic  \'eins. 
From  these  aiiatoniieal  facts  one  would  conclude  that  a  backward  tiltra- 
tioD  is  poesihle,  pro\ided  tliat  the  extravavscnlar  pressui'e  he  raised  in  the 
region  of  the  capillaries.  If,  however,  the  pressure  \m  freely  prn]^acrated 
tlirough  the  tissues  so  as  to  a  fleet  the  larger  veins  draining  tluuu,  we 
«bill  have  collapse  uf  the  veins  an<l  increased  tedenia.  Here,  as  in  so 
many  other  chines,  we  e^inuot  get  a  decisive  answer  to  our  [jliysinlngical 
fjuestions  by  purely  anatomical  investigation,  but  must  have  recourse  to 
physiological  ex^ierinienL 

Tlie  question  that  we  have  iuiineiUately  to  decide  is,  whetlier  an 
incpaased  tissue  tension  augnients  or  huives  unaUereil  the  flow,  of  bloud 
through  the  tissues,  or  whether  it  causes  venous  collapse  and  so 
ilitiittiiRhoja  the  flow.  In  the  former  case  a  liack  filtrati<in  woidd  he 
pcMsible,  and  in  the  latter  case  impossible.  I  have  investigated  this 
[loint  in  various  regions  i#f  the  borly,  '■■//-  the  connective  tissues  of  the 
kg,  the  tongue  as  a  type  of  muscular  tissue,  and  the  submaxillaiy  gland 
asm  type  of  ghindiikr  tissue.  In  all  these  cases  I  have  found  that  a  rise 
of  ti^ue  tension  above  the  pressure  in  th(^  vimus  caasrs  collai>se  itf  these 
veins,  a  rise  of  capillary  pressure,  and  a  dimiriished  How  of  blootl  thnuigh 
the  part.  In  these  regions  of  the  body,  tlierefore,  absiaption  of  lymph 
by  a  backward  liltration  is  impossible. 

Imbibition.— Haml>urger,*  finding  that  serum  and  isotonic  fluids  are 
thsorbed  from  the  peritt^ncxil  cavities  of  ainmals  that  liave  been  clead  some 
hfiUTB.  concludes  that  the  life  of  the  (endothelial  cell  ran  have  notlting  to  do 
with  the  procefie,  and  ascrilies  the  abHor]ption  to  ^trncesses  of  ea]>illary  and 
molecidar  imbibition,  so  that  the  absor]>ti<tu  of  thuds  would  bt*  analogoim 
U)  the  t«T.king  np  of  fluids  and  gases  by  animal  charcoal.  Thougli  these 
fact^ira  probably  co-operate  t(»  a  certain  L^\tent  in  the  distriliution  of  tlie 
fluid  through  the  tissues  surrounding  the  serous  cavities,  it  is  evident 
lliat  they  would  be  much  more  pronounced  in  ilyiug  ami  disintegrating 
tissjues,  and  couM  with  ilifliculty  exy^laiu  the  taking  wy  of  ihnds  by  the 
IImmI  vessels.  They  woubl  certainly  not  ux|>lain  the  wonderful  balance 
which  exists  between  the  intra  capillary  i>rcHsure  and  thi.'  amount  of 
fluid  transuded  fi'om  or  absorbed  by  the  bloo<l  vessels.  What,  then,  is 
the  explanation  of  this  ai»sorption  i 

Oemoaia.— The  explanation  is,  I  believe,  to  be  frnnjd  in  a  property 
on  which  nnu.li  stress  w.as  laid  by  the  older  pliysiolngtsts,  an<i  wliieh 
they  termetl  the  high  endosumtic  ci[uivalciit  *>f  albumin.  It  must 
)»e  remembered  that  the  older  physi<dngists  used  animal  niendtnmes 
in  their  ext>eriments  on  ijsniotic  interchanges.  These  membranes  jterniit 
the  [lassage  of  water  and  stdts,  but  lundc^r  the  jiassage  of  i-oagulahlo 
[»T<>teid     The  application  of  semipermeable  membraues  to  the  measure- 
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ment  of  osmotic  pressure  has  shown  that  the  osmotic  pressures  of  salts 
and  other  crystalloids  are  enormously  higher  than  those  of  colloids 
such  as  al})umin,  and  it  has  therefore  been  supposed  that  the  osmotic 
pressure  of  the  proteids  in  the  serum,  being  so  insignificant,  must  be  of 
no  account  in  physiological  processes.  The  reverse  is,  however,  the 
case.  Whereas  the  enormous  pressures  of  the  salts  and  crystalloids  in 
the  various  fluids  of  the  body  are  of  very  little  importance  for  most 
physiological  functions,  the  comparatively  insignificant  osmotic  pressure 
of  the  albumins  is  of  great  importance — and  for  this  reason.  It  has 
been  shown  that  bodies  in  solution  behave  in  most  respects  like  gases. 
Now,  there  can  be  no  difference  in  pressure  between  two  gases  in  a  vessel 
whicli  are  not  separated  or  are  only  divided  by  a  screen  freely  permeable 
to  botli  gases.  In  the  same  way,  if  we  have  two  solutions  of  crystallised 
substances  sei)arated  by  a  membrane  which  offers  free  passage  to  the 
water  and  the  salts  on  either  side,  there  can  be  no  enduring  difference  of 
the  osmotic  pressure  on  the  two  sides,  especially  if  a  free  agitation  of 
the  fluids  on  Ijoth  sides  is  kept  up.  The  pressures  on  the  two  sides  will 
be  speedily  equalised,  and  then  any  flow  of  fluid  from  one  side  to  the 
other  will  cease.  Now,  the  capillaries  in  the  living  body  represent  such 
a  laeiabrane.  Loathes  ^  has  sliown  that,  within  five  minutes  after  the 
injection  of  sugar  or  salt  into  the  blood  vessels,  their  osmotic  pressures  in 
the  blood  and  lymph  have  become  equal.  Supposing,  however,  that  we 
liave  on  one  side  of  tliis  membrane  a  substance  to  wdiich  the  membrane 
is  impermeable,  this  substance  will  exert  an  osmotic  pressure  and  will 
attract  water  from  the  otlier  side  of  the  membrane  with  a  force  propor- 
tional to  its  osmotic  pressure.  This  attraction  of  fluid  must  go  on  until 
all  the  fluid  has  passed  througli  the  membrane  to  the  side  where  the 
inditriisihle  sul)stance  is. 

Now  the  capillaries  of  the  limbs  are  almost  impermeable  to  proteids. 
In  consf^quence  of  this  impermeability,  the  fluid  which  is  transuded 
from  tlie  capillaries  under  ])ressure  contains  very  little  proteid.  From 
what  L  have  just  said,  it  follows  that  the  proteids  left  in  solution  within 
the  capillaiies  nnist  exert  a  certain  osmotic  attraction  on  the  salt 
solution  outside  the  capillaries.  It  is  easy  to  measure  the  value  of  this 
attractive  foice.  If  we  place  blood  serum  in  a  small  thistle  funnel,  over 
the  o])eii  end  of  which  is  stretched  a  layer  of  ])eritoneal  membrane 
soaked  in  gelatine,  and  immerse  the  inverted  funnel  into  salt  solution 
whieli  is  isotonic  or  even  hypertonic  as  compai'ed  with  the  serum, 
within  the  next  two  days  fluid  will  pass  into  the  funnel  and  will  rise  in 
its  caju'llary  stem  to  a  considerable  height.  I  have  found  that  the 
osmotic  ])ressure  of  the  non-diflusible  ])ortions  of  blood  serum,  measured 
in  this  way,  may  amount  to  about  .*^)0  nun.  Hg.  The  importance  of 
this  fact  is  o]>vi()us.  Although  tlie  osmotic  pressure  of  albumin  is  so 
insignificant,  it  [possesses  an  order  of  magnitude  comparable  to  that  of 
the  ca])illary  ])i'essures;  and  wheieas  capillary  pressure  determines 
ti'ansudation,  the  osmotic  ])ressure  of  the  pr()teids  of  the  serum 
deterniincs  al)soi])(ion.  Moreovei',  the  osmotic  attraction  of  the  serum 
for  the  (^xtiavascular  fluid  will  he  ])i'(q)orlional  to  the  force  ex])ended  in 
the  pi-oihiction  of  t1iis  extravasculai"  fluid,  so  that  at  any  given  time 
thci'c  must  he  a  balance  Ijctween  the  hydrostatic  ]»i-essnre  of  the  blood  in 
the  cajiillaries  and  the  osmotic  attraction  of  the  blood  for  the  surround- 
ing fluids.      With  increaseil  ca]»illary  pressure*  we  shall  have  increased 
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tratisufktioii,  until  we  gu't  equUibriiim  eytabli^lied  at  a  Homewliat  higher 
pjint,  when  there  is  a  more  dihite  iluid  iu  the  tissue  spaces,  and  there* 
low  a  higher  absorbing  force  to  bahiiKse  the  increased  eapillary  pressure. 
With  dimhiiBhed  eaiiiUary  pressure  tliere  will  lie  au  tisiuutie  ahsurption 
of  salt  s*>luibii  fnnu  the  extravascular  tiiiid  until  tliis  Imeunies  richer  in 
firoteids,  and  the  ditlerence  between  its  usuiotie  pressure  and  that  of  the 
intmvascidar  plasma  is  equal  to  the  diminished  capillary  pressure.^ 

Here,  then,  we  have  the  Imhuiee  of  forees  necessiiry  to  expkiin  tlie 
accurate  regulation  of  the  quantity  of  circulating  lilood  accm  fling  to  the 
conditions  under  which  the  animal  may  be  plated,  antl  it  seems 
unneee«8iiry  to  invoke  the  aid  of  vital  activity  to  explain  the  process. 
C«rt.tiii  corollaries  of  this  nnxle  of  explanatinn  agret-  well  with  ul>served 
{mIs  of  experiuient.  Thus  the  more  impermeable  the  capillary  the 
smaller  w*ill  he  the  amomit  of  proteid  exuiled  witli  tlie  lymph.  A 
higher  capillary  pressure  will  thereftae  he  needed  in  its  pruiluction,  and 
there  will  l>e  an  equally  high  force  tending  to  its  rcabsoriiti^ai.  A  rise  of 
wipillary  pressrne  will  imly  increase  the  anitHUit  of  lymph  in  the 
extravasenlar  simces  to  a  certain  extent,  but  will  at  the  sunie  tina?  cause 
thijB  lymph  to  fa?  inore  dilute,  so  that  there  will  be  a  corresjjunding  rise 
in  the  force  tending  towards  aljsorption.  In  consecinence  of  this 
sequence  of  events,  consideral»le  alterations  of  capillary  pressure  may 
be  prcwluced  in  impermealde  capillaries,  such  as  those  in  the  limbs, 
without  causing  any  apprecial lie  inciease  in  the  lymph  overtiow  from  the 
limbs.  On  the  otiicr  hjind,  wbere  the  caiiillarics  arc  very  ]iciiiieithle, 
very  little  pressme  will  be  required  tu  cause  a  transudation,  since  no 
work  is  done  iii  the  concentration  of  a  proteid  sohuimi,  inid  we  find  as  a 
uiiitter  of  fact,  that  t^pillaries  where  the  pressure  is  lowest— /.r.  in 
the  liver — ^are  also  thitse  which  nre  the  most  pernumhle.  Here,  too, 
the  absorbing  force  will  be  lusignificant,  since  there  is  very  little 
difference  in  the  percentage  of  allnuuin  between  liver  blond  jind  liver 
lymph. 

Moreover,  since  the  pressure  on  the  venous  side  oi  the  {■ajiilliiries  is 
c\msi<lerahly  less  than  that  on  the  artiniid  sid(\  thi^re  will  be  a  continual 
exudation  of  a  very  ddute  lynqkh  fnaii  the  arterial  r'ri[>il]iuies,  and  a 
re-ali6orption  of  water  and  salts  innn  this  lymplt  iu  the  venous 
capillaries  The  lymph,  therefore,  will  assnnu.'  a  cnniposition  suc^h  that 
the  osmotic  juessure  (»f  its  jn'otei<ls  ajqanx inmates  thr  menu  capillary 
pressure  in  the  piirt  where  it  is  formed. 

This  osmotic  difference  between  Idood  plasma  ami  tissue  thiid  will 
not  serve  to  explain  tlie  absorption  of  jauteids  \>y  tlic  bloi)d  vessels  nur  the 
aWjrpiion  of  serum  from  the  serous  cavities.  It  is  dillicuU,  however,  if 
liot  ini|x>ssil)le,  to  pvtnv.  thai  seruui  or  jpnitcid  is  ab,surb(Ml  by  the  blond 
VL'ssek  In  some  of  my  transfusion  expciiuienls  1  have  renileri<l  a  lindt 
(iMlematous  by  means  of  serum,  and  in  these  casi's  bavt'  obtained  no 
e%*iiience  at  all  of  ahsorpti<m  by  the  lilood  vessels.  There  is  no  doulit 
llmt  serum  may  l>e  absorbed  from  the  ]tleural  aud  ]>eritoueid  cavities, 
but  the  absor|ition  of  these  lluids  is  very  much  slower  thiin  the  absorji- 
tiiiu  of  sidt  solutions,  nnd  is,  in  fact,  so  slow  that  the  wlmle  nf  it  i^nn  in 
iBu^t  cases  be  elTected  by  the  lymj^hatir  rhsniut  Is.  A  slnw  absorption  of 
senun  from  tissue  spaces  by  ureans  ^f  tbc  blnrMl  vcssids  is  also  ]4iysir;illy 
IJOflsible,     As  the  cells  of  the  tissue's  feed  ^m   tlic  [aotcidH  oi'  the  thud, 
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the  seriun  will  tend  to  become  gradually  weaker,  so  that  the  watery 
and  saline  constituents  corresponding  to  the  proteid  used  up  can  then 
be  absorbed  by  the  blood  vessels  in  the  way  I  have  indicated. 

The  physical  process  which  I  have  described  above  as  causing  the 
absorption  of  lymph  by  the  blood  vessels  must  be  in  action  at  all  times 
in  the  body,  and  must  therefore  be  a  predominant  factor  in  the  process  of 
absorption.  I  have  not  been  able  to  absolutely  exclude  the  absorption 
of  proteids  by  the  blood  vessels,  but,  in  the  absence  of  direct  experi- 
mental evidence  that  such  an  absorption  does  occur,  the  physical  factors 
I  have  described  in  this  chapter  suffice  to  explain  the  phenomena  of 
absorption  observed  both  under  normal  and  under  pathological  conditions. 

On  the  Functions  of  the  Lymph  in  the  Nutrition  of 
THE  Tissues. 

Tlie  fact  that  the  tissue  cells  are  bathed  by  lymph  and  are 
separated  by  this  Huid  and  by  the  capillary  wall  from  the  blood, 
shows  that  in  all  interchanges  between  blood  and  tissues  the  lymph 
must  act  as  the  medium  of  communication. 

I  ha\'e  alieady  mentioned  the  irrigation  theory  of  Bartholin,  accord- 
ing to  whieli  the  nutrition  of  the  tissues  was  carried  out  by  a  taking  up 
of  solids  from  the  lymph  as  it  left  the  blood  vessels,  so  that  only  pure 
water  (or  water  and  salts — Eudbeck)  was  left  over  to  be  carried  away 
by  the  lyiiipliatics. 

The  observations  of  the  Ludwig  school  on  the  lymph  flow  from  the 
liml)s,  showed  clearly,  however,  that  the  nutrition  of  the  tissues  could 
be  noriiially  carried  out  without  any  lymph  tlow  at  all.  The  muscles 
of  a  i'estin<^^  liml)  are  taking  up  nourishment  as  well  as  oxygen  from  the 
blood,  and  giving  oH'  tlieir  waste  products,  carbonic  acid  and  ammonia, 
although  not  a  droj)  of  lymph  may  How  from  a  cannula  placed  in  a 
lyniplialic  triiuk  of  the  limb.  It  is  evident,  therefore,  that  to  a  large 
extent,  at  any  late,  tlie  giving  up  of  nourislunent  by  blood  to  tissues  and 
the  taking  u])  of  tlie  waste  products  of  the  latter  tlu'ough  the  inter- 
mediation of  the  lymph,  is  carried  out  in  the  same  way  as  are  the  gaseous 
interchanges  —  lj\  l)y  a  process  of  dillusion. 

I  have  alivady  mentioned  the  experiments  wliicli  demonstrate  the 
exticini'  ra])i(hty  witli  wliich  dilliision  takes  ]>la('e  between  the  blood  and 
the  lyni]>h,  s<»  that,  as  Leathes  points  out,  the  time  taken  for  the 
c<|ualisalion  of  the  constitution  of  the  two  Ihiids  after  introduction  of 
sonic  (hll'usihlc  substance  into  tlie  l)lood  is  "  inappreciable."  There  can 
he  no  dould  that  such  clianges  are  of  great  im])ortance  for  the  normal 
mclahohsin  of  the  tissues.  Thus  thei-e  has  been  ccmsiderahle  discussion 
of  late  ycais  concerning  the  su])i)ly  of  lime  to  the  cells  of  the  mammary 
^^land.  lleideiihain  pointed  out  tliat  if  the  Ihne  were  su])plied  to  the  cells 
by  liltralion,  the  whoU^  How  from  the  tlioracic  duct  would  be  inadequate 
for  the  |tur[>ose.  J I  is  conclusion  tliat  the  lyni]»]i  with  its  constituents  is 
theret'oie  a  seciction  is,  liowevei',  unnecessaiy.  As  the  gland  cell  uses 
u])  or  tuiiis  out  hnie  into  the  (hicts  of  the  i^dand,  it  will  take  u}>  lime 
fi'oni  the  adjoining'  lynii)h,  tlnis  lowering  the  [tartial  osmotic  tension  (»f 
tlie  blue  in  its  iieighhouihood.  I'liore  will  he,  therefore,  a  ])assa_i!:e  of 
lime  from  hlood  to  lymph  hy  a  ])i-ocess  of  dill'usion,  to  supj)ly  the 
deticieiicy.     No  tlow  of  lym])h  at  all  is  necessary  to  furnish  tlie  am(»unt 
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The  c^se  is  ratlier  *lit!"eieiit  wlieu  we  come  to  eoiiBiiler  the  supply  of 
prrit'cid  fiiod  to  the  tissues.  Tlie  ditrusibility  of  the  hirge  molecular 
^rum  pTOteids  is  so  small  that  it  may  he  diHregarderl,  even  in  the 
lining  body  with  itn  wooderfuUy  perfect  arrangement  for  al  In  wing  the 
free  contact  of  lliiidK  Mithout  intermingling.  Hence  tlie  oidy  way  by 
which  the  tissues  Ciin  ol>t4tiM  their  t^upply  nf  proteid  is  frtim  the  jjruteid 
which  lia«  tiltered  tlirougb  tlie  vessel  wall  in  the  lymph.  So  far  as  the 
proteid  supply  to  the  tissues  is  concerned,  therefore,  I  believe  that  the 
irrigation  theory  is  correct,  utdess,  in^lced,  we  attribute  tft  tlie  vu.scular 
epitheUnm  the  power  of  a etividy  taking  up  protuid  and  transferring  it 
from  one  side  of  the  veascl  wall  to  tlie  other  in  proportion  tn  the  needs 
of  the  tissues. 

Even  under  the  former  hypothesis,  however,  we  could  not,  from  the 
amount  of  lymi»h  draining  away  frruu  a  part,  draw  any  concluHions  as  to 
the  amount  uf  proteid  whitOi  has  hcen  supplied  to  the  jjart.  As  I 
have  above  shown,  the  cumpoBition  of  the  lymidi  in  determined  liy  the 
permeability  uf  the  wall  and  tlie  roc^tn  capillary  ]nessnre.  If  the  com- 
poeiliou  of  the  lymph  l>e  alti^rcil  after  transudatiiinp  in  ennse<piL4icu  of 
aji  active  using  up  of  the  proteids  of  tiu^  tissue  cells,  the  cllcctive 
orauotic  difference  between  blood  and  lympli  will  be  increased,  and  tlie 
watery  and  saUne  constituents  of  the  lyini»h  will  be  reabsorbed  until  the 
origiiml  constitntiiin  of  the  lyni]ib  is  restored. 

We  may  ccinclnde,  therufru't',  in  default  t^f  definite  t  vidonee  to  the 
contrary,  that  while  the  into! change  between  tissues  and  blouil,  so  far  as 
diffusible  substances  are  concerned,  is  ettectod  by  diffmmi  thnnigh  the 
medium  of  the  lymph,  the  pr^iteid  sup]dy  i\\  the  cells  is  deijendcnt  on 
the  amount  of  proteid  tmmufUnff  with  the  lymj>h. 

Perhaps  it  is  on  this  accnunt — i.r.,  increased  fantciil  sujijtly  to  the 
eells — that  chronic  iidlammation  nr  hypeniniia  nf  any  t^irl  is  ai>t  to  lead 
to  ite  hyijertrojihy.  Cir^nving  tissues,  as  well  ns  tho.se  in  a.  state  nf  repair, 
have  delicate  vessels, which  probably  su]pply  a  lynqili  mueh  richer  in 
proteids  than  is  su|iplied  to  adidt  tissues. 
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The  Digestive  Ferments,  or  Enzymes. 

Organised  and  unorganised  ferments. — Fermentation   is   invariably 

l)roug]it  about,  directly  or  indirectly,  by  cell  life,  either  vegetable  or 
animal.  When  the  action  is  direct,  and  the  chemical  changes  involved 
in  the  i)r(>ees8  occur  only  in  the  presence  of  the  cell,  the  latter  is 
spoken  of  as  an  organised  ferment.  When  the  action  is  indirect,  and 
the  chanj^c^.s  are  the  result  of  the  presence  of  a  soluble  material  secreted 
])y  tlie  cell  acting  apart  from  the  cell,  this  soluble  substance  is  termed 
an  f'/ta/yfuiiscd  frr/nc/it,  soluble  ferment ,  or  enzyme} 

The  action  of  an  organised  ferment  is  intimately  connected  with  the 
life  of  the  cell,  and  is  instantly  stopped  by  anything  which  either  killn 
tlie  cell  or  t('nii)orarily  arrests  its  activity;  while  that  of  a  soluble 
ferment  is  not  a  vital  process,  but  one  which  is  purely  physical  or 
cliemical  in  its  nature.  As  a  consequence,  an  organised  ferment  is 
destroyed,  and  its  si)ecific  action  stopped,  by  any  protoplasmic  poisons- 
while  an  ini(»r<i;anised  ferment,  provided  it  is  not  precipitated,  is  un- 
allecle(l  by  sueli  reagents. 

All  the  dillerences  in  the  mode  of  action  of  organised  and  un- 
organised ferments  arise  from  this  close  connection  of  the  organised 
ferment  with  the  cell.  Thus,  an  organised  ferment,  provided  there  is  a 
su])ply  of  nitiogenous  food  at  its  disposal,  can  grow  and  multiply  in  a 
medium  in  wjiicli  it  is  sown,  while  an  unorganised  ferment  can  never  so 
inei'ease  in  ([uantity;  from  this  it  follows  tliat  the  rapidity  of  action  of 
an  unorganised  ferment  depends  (within  limits)  cm  the  initial  quantity 
added,  but  in  the  ease  of  an  organised  ferment  the  initial  amount  soon 
becomes  a  mailer  of  no  moment. 

()rganise(|  ferments  are  unicellular  organisms  (microfungi),  while  the 

'  This  tfiin   \v.is  first   used  l>y   Kuliiie,    Vtrliandl.  d.  iiatnrh.-med.  Ver.  zn  Heidelberg, 
1ST0    v    1.^     p.a    i    >>;    oQ.; 
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tlioigauised  fermente  are  typic<illj  fouud  in  the  secretions  of  ^^►ecialiBed 
eelb  uf  the  liigher  plants  and  aninialH,  and  take  an  important  part  in 
the  chemical  changes  involved  in  their  nutrition. 

There  is  probably  at  bottom  very  little  liifference  in  the  manner  of  action 
of  cellular  fernjents  and  enzymes.  PVom  the  ctdl  snbstimces  of  several 
bacteria,  extracts  have  been  ohlidned  pMsessing  tlie  same  fermentative  action 
iB  the  living  bacteria  ;  this  indicates  that  in  .such  bacteria,  substances  are 
present  in  the  cell  which  act  like  ordinary  unorganised  ferments,  but  normally 
remain  during  the  life  of  the  cell  within  its  subistance,  and  perform  their 
fcnnentative  functions  there. 

A  good  example  of  such  an  isolation  of  an  unorganised  from  an  organised 
ferment,  is  alibrded  by  that  iSeries  of  brilliant  researches  into  the  nature  of 
ihe  action  of  the  micro-organ i^m,  fornla  urvm^  u[>uii  urine,  wbicli  Ijcgan  with 
the  observation  that  the  change  into  annnoiiinm  cadjunate  was  not  stopped  by 
the  presence  of  carbolic  acid  in  sufficient  amuunt  U^  panily.se  tlie  yruvvth  of 
the  micnxjrganism,^  and  ended  in  tlie  extraction  fruin  the  bacteria  of 
4  soluble  ferment,  which  converLeil  urea  into  ammonia  and  carlnmic  acid,  even 
m  Ihe  presence  of  cldorofomi,  whirh  eilcctually  .stops  all  bacteriai  action.'- 

In  a  similar  manner,  a  soluble  ferment,  capulde  uf  inverting  cane  sugar, 
can  be  extracted  fruia  yeast  cells  after  they  liavc  been  killed  liy  the  action  of 
alcohal  or  ether,'*  and  from  certain  putrefactive  hacteri?i  imorganised  ferments 
hive  been  obtained,  possessing  an  action  on  prtiteidts  analogous  to  that  td  the 
proteolytic  ferment  of  the  p*ancreatic  juice.  Such  intracellular  soluble  ferment^s 
hjire  not  been  shown  to  exist  in  by  far  the  greater  nuiaber  ijf  organised  ferments, 
bat  if  they  do  m  exist  the  only  remaining  tbllen-nce  betweiu  organised  and 
unorganised  fermenti?  is  that  in  tlie  former  the  substance  ftuined  by  the  cell 
remains  in  the  cell  substance,  antl  does  its  w(uk  there,  the  products  of  its 
action  being  fxjured  forth  ae  a  kind  of  secretion  or  excretion,  while  in  the 
Utter  the  ferTuent  becomes  separated  from  the  cell  in  a  secretion,  anil  carries 
out  its  work  afmrt  from  the  cell 

Most  of  the  chemical  change.s  invidved  in  tbi'  di^t^stiiui  of  ihu  foml 
ire  brought  about  by  the  pi'esence  in  the  digestive  secretions  of  Hohdde 
femienta  So  that  flu/fsfiou  mifjht  he  de&'riheii  asihf-  pht/.^md  tmtJ  rhfiuival 
dtfraJtion  of  the  fmxl^injfs,  info  forttts  hrtfcr  Jit  fed  for  ahmrjttiou,  htf  (he 
Qdion  of  crrfaiii  mtifbh  JermrntA^  thr  tlitft'stln:  tiixipth.^. 

Attempts  to  isolate  pure  enzymes. — Many  idtempts  huvf  been 
made  to  iHolate  diendeally  pure  enzytiics,  Imt  the  task  in  vory  tliliieult, 
and  it  is  highly  probable  that  no  ojie  buB  yet  wucL-ueded  in  nhtaining  a 
pure  prorluct, 

ITiere  are  two  great  ditticultios  in  the  way:  first,  our  igiinninre  of  a 
8pe<*ifie  precipitant  for  any  of  tbc  cn/ynu's;  and,  socondly,  tlio  oxtrenioly 
small  f|uantitiG*s  in  which  they  arc  present  in  iho  sf mdiiuis.  On  acrtiinil 
of  the  first,  the  enzyme  cannot  be  thrown  out  of  solutiiui  nHacconipaiiii:il 
hy  other  suli.stanceB;  on  account  uf  the  seccuid,  it  is  not  present  in 
workjible  quantity,  and  is  rapidly  lost  in  any  Icngtbenetl  process  of 
chemical  inainpnlation.  \Vhcn  to  these  diwulvantagcs  urci  added  the 
uon-ihtfusibility  of  the  enzymes,  which  shnls  tnit  a  nu'aTi.s  of  scj^aratin*^ 
them  froin  tlie  traces  ul  ]U'oteid  whirh  always  accunqiany  tlicni,  and 
their  semsitivencHs  to  n^^n-tion  an<l  temperature,  srmic  idea  is  (detained  uf 
the  difficultiet^  which  the  proldem  uf  isidatiiui  lucaents, 

*  Hnp|.€-Sevler,  Mrd.chem.  Uitfersnch.,  Lierbn,  1871,  IMt  \,  S,  foO. 
*8h<?ndan  Lea,  Jimrit.  Ptajstot.,  Cainliridgi'  riud  Loiidoii,  IhSfj,  vol.  vi.  jn  I'M. 
* HoptJ«-8^fykr,  Ber.  d,  JetUach.  chtm.  Gescll»di,,  lUiWw,  I.S71,  S.  810. 
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Method  of  mechanical  ])recipitation. — When  an  indifferent  precipitate 
is  produced  in  a  solution  containing  an  enzyme,  this  is  often  carried 
out  of  solution  with  the  precipitate,  probably  in  a  condition  of  mechanical 
adhesion.  This  observation  was  made  by  Briicke,  who  utilised  the 
property  to  free  pepsin  as  far  as  possible  from  other  substances.  The 
method  has  been  extended  to  the  preparation  of  purified  forms  of  other 
enzymes,  and,  as  applied  by  Briicke  ^  to  pepsin,  may  be  quoted  as  an 
exauiple  of  a  general  method.     It  is  as  follows : — 

The  mucous  membrane  of  a  pig's  stomach  is  submitted  to  partial  self- 
digestion,  in  wat€r  acidulated  with  phosphoric  acid  ;  the  products  of  this 
first  digestion  are  rejected,  being  too  rich  in  products  of  digestion,  and  not 
containing  much  pepsin,  which  cUngs  in  great  part  to  the  mucous  membrane. 
The  residue  of  the  mucous  membrane  is  again  digested  in  water  made  acid 
with  pliosi)horic  acid,  and  after  some  days  is  filtered  from  insoluble  residue, 
and  just  neutralised  by  the  addition  of  lime  water.  The  insoluble  calcium 
phosphate  so  precipitated  carries  down  with  it  all  the  pepsin ;  it  is  collected  on 
a  filter  paper,  just  dissolved  by  cautious  addition  of  very  dilute  hydrochloric 
acid,  filt<jrcd  oil",  and  once  more  precipitated  by  the  addition  of  just  sufficient 
lime  water.  This  double  precipitation  is  to  free  the  pepsin  of  proteid,  which 
also  has  the  jjroperty  of  being  mechanically  carried  down,  though  more  feebly 
than  pep>in.  To  this  somewhat  purified  solution  of  pepsin  a  solution  of 
cholesterin  in  four  parts  of  alcohol  and  one  part  of  ether  is  added.  On  this 
solution  mixing  with  the  water  the  cholesterin  becomes  insoluble,  and  is  thrown 
out  of  solution  in  a  linely  divided  condition,  carrying  the  pepsin  mechanically 
adhering  to  it  just  as  it  did  to  the  calcium  phosphate.  The  mixture  is  well 
shaken  ui>,  and  then  filtered  ;  the  precipitate  is  washed  first  with  water,  then 
with  water  acidulated  with  acetic  acid,  and  finally  with  water  alone.  It  is 
next,  without  drying,  shaken  up  with  ether,  free  of  alcohol,  but  saturated 
with  water.  The  ether  extracts  the  cholesterin,  while  the  pepsin  remains  in 
the  watery  layer  beneath  ;  the  extraction  is  repeated  with  fresh  portions  of 
ether  until  all  the  cholesterin  has  been  removed,  and  finally  the  watery 
solution  containing  the  pepsin  is  filtered.  'Tn  this  manner  a  solution  is 
obtained,  wliich  actively  peptonises,  but  contains  so  little  proteid  as  not  to  give 
many  nf  the  iir(tteid  reactions. 

.]frf/i(>(/  of  aid()-di(jf.dion. — Kliline  and  Chittenden ^  have  combined 
auto-diircsliuii  with  ])rLH'ii)itatioii  by  ammonium  sulphate  as  a  means  of 
pre])aiinL,^  ])Uiitied  sohitions  of  j)epsin  and  trypsin.  The  following  is  an 
outline  of  thuir  methods  : — 

For  tlie  preparation  of  pepsin  the  mucous  membrane  of  a  pig's  stomach  is 
taken,  and  allowed  to  undergo  auto-digestion  for  several  days,  until  peptonisa- 
tion  has  far  advanced,  and  })Ut  comparatively  little  albumose  is  left.  The 
solution,  after  liltration  from  undigested  debris  of  nuelein,  etc.,  is  next  satu- 
rate(l  with  annnoniuiu  sulphate.  The  pepsin  is  thus  completely  thrown  out 
of  .s(»luti<»n  alon,L;  with  the  albiunoses  ;  this  ])recipitate  is  dissolved  again,  aft-er 
})res.sing  in  lilter  ]»aper,  in  dilute  hydrochloric  acid,  and  allowed  to  go  on 
tinishin^c  the  diLreslion  of  the  albumoscs  for  some  days. 

The  process  is  repeated  as  often  as  is  necessary  to  remove  the  albumose, 
and  linally  the  })epsin,  after  being  dissolved  l)y  addition  of  water,  is  freed  from 

'  Siti^'ii^^h-h.  ,J.  k.  Al-o'l.  ,1.  //7,s-sr//srA.,  Wicii.  1S61>.  VA.  \liii.  8.  (501  ;  "  Vorlesungi'ii  u. 
Phy.siolo.L^nc,"  Wim,  ]s>:.,  S.  m>.  Sir  al.su  v.  Ilclt/l  Jalrrsh.  /7.  d.  Fortschr.  </.  tjcs.  McJ., 
ErfiiD^eii,  istU,  VA.  i.  S.  ]:;.^. 

'  ZtscJir.   /■  ]UoI.,  Miiiirlii'ii,  ]ss(>,  IM.    xxii.   S.   128.     SikIi  a  method   of  auto-digestion 
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ammonium  sulphate  by  dialysi.n,  and  may  be  precipitated  by  alcohol,  filtered 
oirilld  drieil  as  quickly  as  possible. 

Tlie  prefiaration  of  a  purified  trypsin  Huliitiou  Ls  ciiriied  out  by 
Kiihue's  *  method  much  on  the  same  lines : — 

The  pancreas  fir^t  has  all  it^  fat  removed  by  extraction  with  alrohol 
followed  by  ether,  after  which  process  it  fonus  Kiihne's  *' pancieai^  powder." 
This  is  digej^ted  with  five  times  its  volume  of  O^l  per  cent,  salicylic  acid  for 
tbout  four  bouTij.  The  re.sidue  is  next  digestetl  with  0^25  per  cent  sodium 
oirbonate  solution  for  a  further  period  of  twelve  hours,  aud  tbc  solution  is 
eeparated  fD:»oi  the  undissolved  part.  The  two  extracts  are  now  mixed,  the 
mixture  made  up  witli  i^irbonate  of  soiiium  nohition  to  a  strength  of  0^25  to  a 
0*5  percent,  carbonate,  and  allowed  to  digest  at  40"  C.  far  a  week,  thymol  being 
added  to  prevent  putrefaction  (0%^  per  triiL).  During  tliis  time  the  iilbtniioHes 
become  converted  into  peptouLs,  and  on  .saturating  the  Lold  stilutiou,  made 
fery  faintly  acid  with  a<'etic  acid,  with  ammujuiim  sul|t!Hite,  tryp^^iu  is 
ftecipitatedf  accompanied  liy  traccn  unly  of  unconvLUttd  albniiio.<e.<.  The  pre- 
cipitate so  obtained  i,^  .siitliciently  pure  for  all  digestion  experiment'^.  It 
cootiuns  so  little  accompanying  albunn^'^c,  that,  frrmi  10  grms.  of  pamTcaii 
powder,  merely  a  thin  yellowish  slime  is  ilitained  uw  the  filter  paper,  yet  tliiH, 
when  taken  up  by  100  e.c.  of  0*25  per  cent,  podium  carlmnate  solution,  forms 
i  strong  dige*itive  fluid.  This  gives  an  iilea  of  the  extreme  power  of  the 
digestive  ferment'^,  and  allows  at  the  same  time  in  what  mere  traces  they 
must  be  preiient  in  the  glands.  This  protluct  may  be  still  furtber  purifietl  by 
partially  precipitating  the  solution  obtained  from  it  witli  excess  of  alcohol, 
dinolving  in  water,  separating  by  dialysis  the  Imlk  of  the  nmiuonium  sul[»liate 
tko  precipitated  by  the  alcohol,  removiiig  the  last  traces  of  amnionium  sulphate 
by  bariuiu  carbonate,  and  fimdly  precipitating  an  a  snow  wliite  amorphcnis 
lolHtance  by  excess  of  alcohol. 

This  pure  product  given  all  tlu;  ]U"nteid  roactions  (indiko  Brtn'keH 
pep«in),  but  in  spite  of  all  the  elnburale  and  painst;tking  jiroeesHes  uwed 
in  itfi  preparation,  there  is  iro  eviilence  that  it  df>es  nut  wtill  (•(>ntaiii 
traces  of  proteid  along  with  try] ►win ;  the  other  ofmulimion  of  eunrse 
woidd  be  t!iat  tryptsin  is  itself  a  ]iroteid. 

Preparation  of  digestive  extracts. — ^\' hen  the  ol » jciot  i s  si  1  u] tl y  \\ ) 
test  or  demonBtrate  the  action  of  the  enzymes,  and  tlie  ndiuixtnie  of 
products  of  digestion  funned  from  the  gkaid  tissue  is  a  matter  td"  no 
moment,  much  simpler  nietliods  of  prepaiation  may  be  employril  than 
those  above  described. 

L  In  many  such  cases  a  sim[>h'  extraction  t»f  the  gland  with  water  may 
lie  ujbed,  if  the  action  is  to  lie  testi^d  immcdijitcly. 

2,  A  general  method  of  obtaining  digestive  cxlracts  is  that  tirst  recum- 
meaded  by  v.  Wittich,-  which  consists  in  jireparing  a  glycerin  extract.  Sncb 
an  extract  has  the  advantage  of  etticiency  and  stuhility.  It  contains  a  gutn.! 
deal  of  protejd,  and  cannot  be  used  wliure  the  [troibicts  of  dig*'stion  nre  to  Tse 
exiictly  (studied,  but  for  general  laboratory  work  glycerin  extracts  are  most 
conTeaient  preparations.  They  are  easily  made,  mid  may  be  j)reserved  for 
years.  As  the  glycerin  only  sktwly  extracts  the  enzymrs,  the  same  tissue  will 
continue  for  a  Jong  time  to  yield  fresh  extracts,  if  fresh  glycerin  he  adiled. 
A  glycerin  extract  shoidd  nf^t  !>c  made  with  ^  quite  fres)j  glanil,  hut  with 

'  UnierarHeh.  a.  d.  phywiol.  InsL  d.  Unit\  Hfiddhcr^f,  lhl%,  Bd.  i.  S.  222  ;  VtrhatuU,  tL 
n^xturk-med,  P^tr.  zu HeiddbtTg,  1886,  N.  F.,  M.  iii/s.  AiVA.  Wlt  alwo  ihid.,  1876,  N.  1-., 
Bd.  i,  a  1»5. 

^Arth,/.  d.  ffa,  Phynol.,  Bouu,  18«&,  Bd.  iL  S.  193;  IbTa.  Bd.  jii.  H.  :jy». 
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a  glautl  whicli  ]ias  been  minced  np  and  allowed  to  stand  for  a  few  hours  (it 
may  be  in  nearly  all  causes  inadti  faintly  acid  with  very  dilute  acetic  acid  to  set 
free  the  zymogen  as  enzyme).  Such  a  mineed-ujy  gland  is  rubbed  up  in  a 
mortar  with  some  clean  sand,  taken  up  with  glycerin,  shaken  up  with  more 
glycerin  (10-20  i>arts  to  1  part  of  gland),  and  allowed  to  stand  so  until 
requirtMl ;  the  process  of  extraction  is  very  slow,  and  requires  from  seven  to 
fourteen  days.  In  the  case  of  gastric  mucous  membrane,  1  part  f^er  1000  of 
hydroehlorie  ai^id  may  l>e  sidded  to  the  glycerin. 

There  are  many  modifications  of  the  j^roccvsa,  v»  Wittieh  re^'ommends 
digesting  the  minced  gland  (or  mucous  membrane)  tw^entyfour  hours  in  alcohol, 
drying  after  this  in  the  air,  sifting  the  powder  through  gauze  to  remove 
coarser  fragments  of  tissue,  and  extracting  with  glycerin.  It  is  often  recom- 
mended to  filter  the  extract  after  seven  to  fourteen  days,  but  this  is  unnecessary, 
as  the  tissue  neitlier  decomposes  nor  becomes  digested  in  the  glycerin,  and 
the  extract  improves  on  keeping  in  eontiicl  with  the  tissue.  The  enzyme 
accompanied  by  ]>roteid  may  l)c  precipitated  from  a  glycerin  extract  by  the 
addition  of  absulute  alcohol,  and  so  a  purer  extract  be  obtained. 

Chemical  nature  of  enaymes, — The  failuic'  td'  all  attemjits  to  isolate 
jntre  enzymes  necessarily  deprives  us  of  the  {nmseasioii  of  auy  certain 
knowledge  of  the  chemical  nature  of  these  sulistances.  Analyses  of  the 
purer  pre  para  tit  ms  of  the  eiizyiues  give  figures  ajfpnKeimatirttj  to  those 
olitained  witli  the  various  pri>teids ;  but  whether  (^^  not  tbis  is  due  to 
admixture  with  ja'oteid  it  is  at  juesent  impossible  to  say.  The  heliavionr 
of  Ihiickes  "pure"  pepsin  snlutiuii  goes  against  the  supposition  that  tliis 
enzyme  is  a  proteid.  This  solutimi  did  not  ;^nve  tin*  proteid  reaetifins, 
and  was  nut  ]ireeipitated  liy  any  of  the  ju^oteid  preeipitiints,  save  nentral 
and  basic  lead  acetates  and  phitinit*  cblnride.  These  results  are  conhrinefl 
hy  Sundberg,^  who  succeeded  in  i>re] taring  a  still  mure  ]U'otei*l-free  srdn- 
tion,  whieb  did  not  even  react  tu  these  reagents,  and  was  mdy  precipi- 
tated as  a  slight,  pure  whitCj  Hoccnlent  juecipitate,  on  adding  five  to  six 
times  its  volume  of  al>solnte  aleolnil  and  allowing  to  stand,  ami  yet  was 
exceedingly  active  in  digesting  tibrin,  Tlie  amount  of  tins  precipitate 
was  much  too  small  for  analysis,  and  it  could  only  be  sbf»wn  that  it  was 
iiitrogenous,  and  contained  a  certain  anuHnit  <^f  ash.  Tins  is  nut  <juite 
conclusive  iigainst  the  ]ir<iteid  nature  nf  tbe  active  substance,  since,  as 
Sundberg  argues,  the  ]>hysiologdcal  test  by  iligestiun  may  be  much  more 
delicate  tlian  any  of  the  purely  chemie^d  tests.  SSlill,  the  fact  that  it 
was  totally  iniallected  by  tarnnc  arid  and  lu-ecijii tilted  by  alcohol  lias 
Sfuue  w*ught  against  tire  substance  being  ]>roteid  in  nature;  since  tannic 
aciil  will  show  1  ]>art  of  mdinary  ]>rnliail  in  lUU,OUUr  and  jdcuhol  is  by 
no  means  so  delicate  a  ]>rutci*l  test.  It  is  must  ]irobable,  then,  that 
pe])siu  is  not  a  proteid  ;  innl  it  will  sidiseiiuently  be  seen  in  the  descrip- 
tiuu  rtf  the  utbcr  enzynms  that  mv>st  rd'  these  have  been  obtained  in 
forms  which  do  not  yielil  all  tbe  pri>teiii  reaetimis. 

The  en/ymes  are  soluble  in  water,  from  which  they  are  precipitable 
hy  saturatiiMi  with  annn<niium  sulphate  or  by  aihling  excess  of  alcohoL^ 
Most  of  them  are  unalterable,  nr  very  slnwly  alterable  in  contact  with 
ahnbi*!,  but  pe]*sin  is  an  exrejitiun,  being  attacked  and  rendered  inactive 
if  left  long  in  crmtaet.     Tbe  enzymes  are  enmnKuiiy  siiid  tu  be  sidnlde 

Stra'^sbiirg,  1885,  Hd.  \x.  S.  Om.     S<^  also  uiiiler  *'  Ptyaliii/* 


MODE  OF  ACTION  OF  ENZYMES.  317 

in  glyceriD,  but  it  has  not  been  shown  that  the  dried  enzynieB  are 
soluble  m  anhydrous  j^lycerin ;  on  the  contrary,  Kiihne  ^  states  that 
pure  tT}^»sin  is  not  sohdjle  hi  strong  glyem-in  ;  and  it  ia  well  known 
that,  after  |jrecipitution  by  uk-ohol  from  glycerin  extracts,  the  enzymes 
are  afterwards  much  less  soluble  in  glycerin.- 

An  elevated  temi>erature  rapidly  destroys  all  enzymes  when  hi 
solution,  and  it  is  of  some  importance  that  the  temperature  at  which 
they  are  rapidly  <lestroyed,  although  it  varies  conBiderahly  with  the 
reaetioQ  of  the  solution,  lies  just  a  little  below^  the  range  at  wliich  the 
balk  of  the  proteids  coagulate.  In  tlie  ih"ied  eonditimi  the  enzymes  are 
much  more  resistant  to  increased  torn] >erature,  and  can  he  boated  to  over 
IDO'' C.  for  S4>me  time  withont  losing  their  iligestive  properties  on  cooling 
and  dissohing  in  water. 

The  digestive  action  of  the  enzymes  is  not  st<n>]>efl  by  the  presence 
of  disinfectant t*,  such  a.s  thyimd,  ehhniifnrm,  iir  salicylic  acirl,  in  f[nantiiy 
sufficient  t*>  stop  completely  tlie  action  of  organised  ferments,  ])articu- 
hrly  that  of  the  putrefactive  liacteria.^  This  fact  has  lieen  turned  to 
account  practically  in  condnctiug  jiriilonged  digestion  experiments, 
especially  when  the  digestive  action  nuist  l>e  allowed  to  proceed  in 
alk^ine  solution. 

Mode  of  action  of  enzymes, — The  manner  in  which  ferments  bring 
about  the  changes  characteristic  of  them  is  very  ]inz/ling.  The  enzymes 
are  altogether  unatfected  by  the  changes  wliicii  they  occasion,  h ml,  pro- 
Tided  the  products  of  the  action  are  ufjt  allowed  to  become  concen- 
trated in  solntifin,  the  ferment  cuti  wmk  on  iudeHnilely,  and  a  finik. 
amount  of  ferment  can  convert  an  itijinifr  amtanit  of  material.  The 
ferment  may  become  !*y  dilution,  or  unavoidable  loss  in  manipulation, 
so  weak  tliat  finally  its  action  becomes  inap]neclalile :  but  liefore  thLs 
happens  it  can  Ite  shown  that  it  has  converted  a  mass  i»f  material  so 
m&uy  times  greater  than  its  own,  that  the  idea  that  it  midergocs  any 
permanent  alteration  in  the  reaction  which  it  induces  luust  l)e  abandone<l. 
Thus,  accordhig  to  Hammarsten,*  one  jtart  of  rennin  will  curdle  400,000 
to  800,000  parts  of  milk ;  wdiile  Petit  ^  prepared  a  ikcpsiii  |>owder  which 
iti  seven  hours  dissolved  500,000  times  its  weight  of  tihijn. 

Tliere  are  ninnberless  examples  of  rheinicid  reactimis,  in  whi(  h  only 
well-know^n  and  much  simpler  com]>ou!i<ls  tak<'  a  imrt,  of  a  stdistnnce 
inducing  a  chemical  reaction  w^ithoiit  itself  l>ec<uning  altered  tliereliy. 
Such  a  substance  is  called  a  cakdf/tk'  m/fnf,  untl  the  reaction  a  attali/m 
m  caiedytic  naction.  Ferment  actions  are  snch  catalytic  reactituis,  hut 
when  we  say  that  ferments  act  cat.alytically  the  prnl>Iem  of  liuw  tliey 
fict  is  not  by  any  means  solved ;  we  have  merely  fomid  a  name  for  it. 

In  some  erases,  in  which  the  presence  (*f  a  snhwtam'c  is  esHcntial  to  a 
certain  reaction,  althougli  this  substance  is  not  finally  altered  thereby, 
there  is  e\idence  that  it  is  altered  intermediat(dy  and  reclianged  again 
back  to  its  initial  condition  during  the  reaction. 

Such  a  case  is  to  he  found  in  the  action  i\{  sidphnric  acid  in  the  con- 
tinuous etherification  pn»cess  for  ]irodticing  ether  from  alcohol.  Tt  can 
bi*  shown  that  the  suli»huric  acid  first  coiuljiues  with  pait  of  ttie  alcohol 

'  VerkajidL  d,  nafvrh,mftl  Var.  ztf  IhidclUtq,  187^,  N.  V.,  VA.  I  S.  VMk 

*T,  Wittich,  Arch.f,  d.  ^ts.  JinmoL.  Bnjm,  18^1^  n*L  ii.  S.  VJi, 
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a  gland  which  has  been  minced  up  and  allowed  to  stand  for  a  few  hours  (it 
may  be  in  nearly  all  cases  made  faintly  acid  with  very  dilute  acetic  acid  to  set 
free  the  zymogen  as  enzyme).  Such  a  minced-up  gland  is  rubbed  up  in  a 
mortar  with  some  clean  sand,  taken  up  with  glycerin,  shaken  up  with  more 
glycerin  (10-20  parts  to  1  part  of  gland),  and  allowed  to  stand  so  until 
required ;  the  process  of  extraction  is  very  slow,  and  requires  from  seven  to 
fourteen  days.  In  the  case  of  gastric  mucous  membrane,  1  part  per  1000  of 
hydrochloric  acid  may  be  added  to  the  glycerin. 

There  are  many  modifications  of  the  process.  v.  Wittich  recommends 
digesting  the  minced  gland  (or  mucous  membrane)  twenty-four  hours  in  alcohol, 
drying  after  this  in  the  air,  sifting  the  powder  through  gauze  to  remove 
coarser  fragments  of  tissue,  and  extracting  with  glycerin.  It  is  often  recom- 
mended to  filter  the  extract  after  seven  to  fourteen  days,  but  this  is  unnecessary, 
as  the  tissue  neither  decomposes  nor  becomes  digested  in  the  glycerin,  and 
the  extract  improves  on  keeping  in  contact  with  the  tissue.  The  enzyme 
accompanied  by  proteid  may  be  precipitated  from  a  glycerin  extract  by  the 
addition  of  absolute  alcohol,  and  so  a  purer  extract  be  obtained. 

Chemical  nature  of  enzymes. — The  failure  of  all  attempts  to  isolate 
])ure  enzymes  necessarily  deprives  us  of  the  possession  of  any  certain 
knowledge  of  tlie  chemic-al  nature  of  these  substances.  Analyses  of  the 
purer  piei>aratinns  of  the  enzymes  give  figures  aiyproximating  to  those 
obtained  with  the  various  proteids ;  but  whether  or  not  this  is  due  to 
admixture  with  ])r()tei(l  it  is  at  present  impossible  to  say.  The  behaviour 
of  Brlicke's  "  pure  "  pepsin  solution  goes  against  the  supposition  that  this 
enzyme  is  a  proteid.  This  solution  did  not  give  the  proteid  reactions, 
and  was  not  i)recij)itated  by  any  of  the  proteid  precipitants,  save  neutral 
and  ])asic  lead  acetates  and  platinic  chloride.  These  results  are  confirmed 
by  Suiidberg,^  wlio  succeeded  in  prc})aring  a  still  more  proteid-free  solu- 
tion, wliich  did  not  even  react  to  these  reagents,  and  was  only  precipi- 
tated as  a  slight,  pure  white,  fiocculent  precipitate,  on  adding  five  to  six 
times  its  volume  of  al)solute  alcohol  and  allowing  to  stand,  and  yet  was 
exceedingly  active  in  digesting  fibrin.  The  amount  of  this  precipitate 
was  nnich  t(io  small  for  analysis,  and  it  could  only  be  shown  that  it  was 
nitrogenous,  and  contained  a  certain  amount  of  ash.  This  is  not  quite 
conclusive  against  the  ])roteid  nature  of  the  active  substance,  since,  as 
Sundbcrg  argues,  the  i)]iysiological  test  by  digestion  may  be  much  more 
dclicati;  than  any  of  the  ])urely  chemical  tests.  Still,  the  fact  that  it 
was  totally  unallcctcd  by  tannic  acid  and  ])reci]jitated  by  alcohol  has 
some  weight  against  the  sul)stancc  being  i)r(»teid  in  nature;  since  tannic 
acid  will  show  1  ])art  (►f  ordinary  ])r()teid  in  100,000,^  and  alcoh(d  is  by 
no  lueans  so  delicate  a  ])roteid  test.  It  is  most  prol)al)le,  then,  that 
])e]>sin  is  not  a  ])roteid  ;  and  it  will  subse([uently  l)e  seen  in  the  descrip- 
tion of  the  other  enzymes  that  most  of  these  have  l)een  obtained  in 
foi'ms  which  do  not  yield  all  the  proteid  reactions. 

The  enzymes  are  soluble  in  water,  from  which  they  are  precipitable 
by  satuiatioii  with  ammonium  sulphate  or  by  adding  excess  of  alcohol.^ 
]\Iost  of  them  ai-e  unalterable,  oi-  veiy  slowly  alterable  in  contact  with 
alcohol,  but  pe]>sin  is  an  exception,  being  attacked  and  rendered  inactive 
if  h^tt  long  in  c'tutact.     The  enzymes  are  coninKJidy  said   to  be  soluble 

1  Ztsrhr.  f.  ]>},>!<<;. J.  rin-n,.,  St lassl .iiv^,  LSs:..  nd.  ix.  S.  :]TJ.     Sec  also  iiii.lor  "Ptyaliii." 
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11  glTcerin,  but  it  has  not  been  shown  that  the  dried  enzymes  are 
soluble  in  anhydrous  glycerin ;  on  tlie  contrary,  Kiihne  ^  states  that 
pur©  tr}^»j?m  is  not  solnhle  m  strong  glycerin  ;  and  it  is  well  known 
that,  after  pret-ipitatiuu  by  alt.ohol  from  glycerin  extracts,  the  enzymea 
are  afterwards  much  less  solulde  in  glycerin.- 

An  elevated  temperature  rapitily  dewtroyH  all  enzy nies  when  in 
aoltition,  and  it  is  of  some  importance  thiit  the  temperature  at  which 
they  are  mpidly  destroyed,  although  it  varies  consideraldy  with  the 
reaction  of  the  solution,  lies  just  a  little  below  the  range  at  which  the 
balk  of  the  prnteids  coagidate.  In  the  dried  condition  the  enzymes  iire 
much  more  resistiint  to  increased  temperature,  and  can  be  heated  to  over 
100' C.  for  some  time  without  losing  theii*  digestive  jtrnperties  un  cooling 
md  dissohing  in  water. 

The  digestive  action  of  the  enzymes  is  not  stopped  ]*y  the  presence 
of  disinfectants,  such  sis  tliyiuol,  chloroform,  or  salicylic  acid,  in  ({uautity 
sufficient  to  stop  eomjiletely  the  actinn  f*f  nrganiscd  ferments,  jmrticu- 
krly  that  of  the  putrefactive  1  meter ia.^  Tiris  fact  bas  Ipt^en  turned  to 
lecotmt  practically  in  c<nulueting  prolonged  iligestion  experiments, 
especially  when  the  digestive  action  must  lie  allowed  to  proceed  in 
alkaline  solutioiL 

Mode  of  action  of  enzymes.— The  manner  in  which  fermeuts  Ining 
about  the  chauges  characteristic  of  them  is  very  i>u//ling.  Tbc  ciizyiucs 
aj^  altogether  unaflected  by  the  elianges  whirli  they  occasion^  and,  ]»riH 
nded  the  products  of  the  action  are  not  ado  wet  I  to  l^ecome  eoncen- 
tmted  in  8oluti*>n,  the  ferment  can  work  on  indcHtutely,  and  a  finite 
amount  of  ferment  can  convert  an  infinite  amount  of  material.  The 
ferment  may  become  l^y  dilution,  or  unavoiflable  loss  in  nianijudation, 
so  weak  that  finally  its  actinn  liecumes  ina]i]ae(*iable ;  fait  before  this 
happens  it  can  be  shown  that  it  has  eonvertt^l  a  mass  of  material  so 
many  times  greater  than  its  own,  that  the  idea  that  it  undergrK's  any 
permanent  alteration  in  the  reaction  which  it  induces  must  be  abandoned. 
Thus,  according  to  Haramarsten,-*  one  ]>art  of  rennin  will  curdle  400,000 
to  800,000  parts  of  milk  :  wlule  Petit  ^  ]>repare(!  a  j»e]tsiu  ]iowdcr  whir  h 
in  seven  hours  dissidvcd  500,000  times  its  wi'igbt  f*f  tibriu. 

Tliere  are  numberless  exam[>les  of  cbcmical  react itius,  in  wbifh  nrdy 
well-known  and  much  sim]jler  cmujMjunds  take  a  juirt,  of  a  subKtance 
inducing  a  chemical  reaction  witlH>ut  itself  hecftnung  altereil  thereby. 
Saeh  a  substance  is  called  a  vaiab^tle  atjenf,  and  the  reaction  a  nffali/ak 
^  caialffiu  reaction.  Ferment  actions  are  sucli  f-atalytic  reactions, ) ait 
when  we  siiy  that  ferments  act  catalytically  the  prcilOem  of  hnw  they 
let  is  not  by  any  means  solved ;  we  have  lucrely  found  a  nnnie  bu'  it. 

In  some  cases,  in  which  the  presence  of  a  subsLaiice  is  cssenti;d  to  a 
certain  reaction,  although  this  siibstanee  is  not  fiually  altered  tlierel>y, 
there  is  evidence  tliat  it  is  altered  intermediately  ami  rechanged  again 
back  to  its  initial  crmdition  during  the  reaction- 
Such  a  case  is  to  be  found  in  the  action  of  sulphuric  acid  in  the  con- 
tinuoiifl  etherifieation  process  for  producing  ether  from  a!c(*liol.  U  can 
be  shown  that  tlie  sulphuric  acid  first  cnmbitics  with  part  i»f  the  aletiboi 

^  FirkandL  d,  na^urh.-mrd.  JVr.  z^t  /friSf^'ay,  lK7i;,  K.  F.,  IM.  i.  S,  linj. 

*v.  Wittich,  Arch.f.  (L  gr».  rhtisioL,  Hoiiri.  lH^;i*,  iJil,  ii.  8.  Wi. 
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molecule,  foruiiiig  a  substance  which  can  he  isolatctl,  and  is  known  ll^ 
ethyl8iilpho\  iiiie  acid  ;  and  that  this  comix >und  then  reacts  with  another 
molecule  of  alcohol,  fornung  ether  and  regenerating  the  i^idplmric  acid 
molecule,  which  m  then  free  to  repeat  the  process,  and  can  be  ma^le  to 
do  80  indefinitely. 

This  action  may  be  represented  thus  :— 

(1)  CgH,J  >.H  +  J  SO,  =  ILO.H   +   ^'^^  SO^ 


(water.  etUyliinlphtfVlriijT 
acid) 


(2)  ^'^'^O,  +  C,H,,OH  =  JJ  SO,   +    ^^JJ^  0 

iliurk  (etlier) 


oil!) 

3ti*>u  is  that  of  the  alternate 
5a)  from  a  lower  (NO),  and 
dch  is  said  to  occur  in  the 
oxygen  taken  up  in  each 
an<i  water,  mdi»huric  add ; 
as  unchanged,  and  may  take 
by  ditTusioii  or  otherwise.^ 
ferment  action ;  a  molecule 

substance  undergoing  tligestiou. 

rmed ;  tlio  elements  of  a  water 


viiiip  aaid 

Another  ^ood  exa? 
formation  of  a  higheT 
then  the  regeueratioi 
formation  of  Englia 
cycle  going  to  form, 
while,  as  a  net  result 
action  again  and  agai 

Such  a  part  the  l 
of  it  may  unite  with 
Thus  an  unstahle  comjioun 

molecule  may  c*anhine  witli  tnosts  m  Lhe  fermentable  substance,  foriuing 
a  new  substance ;  while  the  ferment  m  regenerated  to  undergo  another 
cycle.  Of  all  this,  however,  there  m  no  experimental  evidence ;  there 
is  only  the  aufdogy,  and  analogies  are  Hometimes  misleading. 

Besides  thcRC  reuetions,  tliere  ure  others  in  whicli  tlu3  action  of  the 
catalytic  agent  is,  almost  undoubtedly,  merely  a  physical  one ;  that  is  to 
say,  in  which  the  catalytic  agent  does  not  combine  with  the  catalysed 
substance,  and  then  become  regenerated.  Such  an  action,  for  example, 
is  that  of  a  trace  of  iodine  in  converting  amorphous  into  red 
phosphorus.  Here  the  amount  of  iodine  requked  is  too  excessively 
small  to  sup])ose  that  it  combines  with  phosphorus  m  one  form  and 
yields  it  up  in  the  other.  The  supposition  is  more  probable  that  the 
icjdine  finds  the  phosphorus  in  an  unstable  state,  and  in  some  fashion 
enables  it  to  do  that  which  it  already  has  a  tendency  to  do,  namely,  swing 
into  stability.  Such  a  reaction,  only  still  more  physical  in  character, 
is  found  in  the  case  of  exceedingly  imstable  compoimds  (such  as 
detonating  suljstances),  where  mere  mechanical  percussion,  most  probably 
Ijy  ])r(jducing  molecular  vibration,  causes  a  chemical  reaction  to  take 
place  with  great  rapidity.  It  is  very  likely  that  in  many  cases, 
especially  those  in  which  the  catalytic  agent  is  merely  required  to 
1)0  }>reHeiit  in  traces,  that  there  is  no  intermediate  substance  formed, 
and  that  tlie  catalytic  agent  acts  in  a  physical  manner,  inducing  a 
com])oun(l  already  unstable  to  pass  into  a  more  stable  condition.  It 
is  not  (iven  necessary  that  the  substance  should  be  unstable  in  the 
usual  sense  of  the  word,  but  only  that  the  new  products  shoiUd  be 

^  A  similar  oxygon-carrier,  of  oxygen  to  be  used  in  tissue  metabolism,  is  found  in 
hfpmoglobiu,  which  may  be  looked  upon  as  a  catalytic  agent,  tiiking  up  oxygen,  parting 
with  it  to  bring  a]>out  a  reaction,  the  details  of  wliich  we  do  not  know,  and  so  becoming 
regenerated  and  coming  out  of  the  total  process  unchanj^ed. 
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morf  stable:  or,  in  nther  wnrds,  that  there  sliould  lie  energy  Bet  free  in 
the  pr<K'ass  1  jf  ehatitre. 

In  ferment  aetido,  the  elieniical  enertjy  of  the  reaultinj^  prod  acts 
^always  less  than  that  of  tlie  suhst^incea  from  which  they  were  formed; 
this  is  shown  by  the  heats  of  comhuHtioii  of  the  end  products  anioimting 
to  less  than  those  of  the  initial  products. 

The  action  of  ferments  is  hence  in  all  resf^ects  analogous  to  that  of 
catalytic  agents ;  there  m  a  passiige  from  a  less  stahle  to  a  more  stahle 
condition,  wliich  is  brought  ahont  by  an  agent  whicli  is  not  itself  altered 
in  the  process. 

The  two  principal  hypotheses  are  then — (1)  That  tlio  enzyme 
combines  with  the  substance  on  which  it  is  acting,  antl  that  the  unstable 
Ciiiujwmnd  so  formed  ilecomjioses,  yielding  the  new  sulistance  and 
rit!geuerating  the  enzyme ;  (2)  that  the  enzyme  is  in  a  state  of  molecular 
movement,  wliich  induccH  a  m*decular  movement  in  tlie  fermentable 
substance,  or  inere^ises  such  a  movement  wlien  already  present,  80  that 
the  molecule  breaks  up,  o\Tr-8wing8,  or  over-vibratcs  as  it  were,  into  a 
more  stiible  condition,  so  giving  rise  to  new  substances. 

Nature  of  the  chemical  change. — Somewhat  more  is  known  of  the 
nature  of  the  chemical  changes  ioibiced  l>y  the  ferments  than  of  tlie 
mode  in  which  they  bring  about  smdi  changes.  It  i.s  juobalile  tliat  in 
all  cases  ferment  action  is  accompanied  by  [lydrolysis,  ic,  the  taking 
op  of  the  elements  of  water.^  This  is  known  with  eertainty  to  be  the 
cane  in  all  actions  of  diastatic  ami  inverting  ferments,  and  is  very  pro- 
bably true  also  for  proteolytic  ferments.  This  suliject  wiU  l>e  Cf>Msidered 
more  in  detail  in  treating  r*f  the  specili(*  action  of  the  various  enzymes 
oQ  the  dilierent  classes  of  foodstullH;  ruferenee  will  only  be  made  here 
U\  the  general  arguments  which  go  to  show  that  sucli  a  ])roccss  of 
hydrolysis  m  a  nni%ersal  acc(unjianiment  of  ferment  acliom 

1.  In  many  cases  ihecompositiimof  the  products  of  the  fermentation 
o»IlJI^lre^l  with  that  *>f  the  initial  Hu!>stance  shows  directly  a  taking  up 
of  water.  In  tliose  in  whicli  this  is  not  so,  curlionicanliydride  is  usually 
one  of  tlie  c^mstituenta,  and  if  tliis  lie  considered  ns  united  with  the 
dements  of  a  water  molecule  to  fiani  (Jirhrmic  at  iil,  as  it  prollJl]^]y  is 
when  fc»rmed  in  the  reaction,  water  is  taken  \\\i  here  also.  Jn  all  cases, 
however,  whether  tlie  products  of  the  reaction  directly  show  the  taking 
tip  of  water  or  not,  the  jiresenee  <if  water  is  essential  to  the  reaction, 
for  no  ferment  is  known  wliieli  will  act  otherwise  than  in  the  jiresence 
of  water. 

2.  Again,  the  action  of  any  of  the  fcnucuts  may  bt.*  closi-ly  ijiiitated 
liy  the  action  on  the  several  fermentalile  or  digestible  materials  of 
dilute  acids  or  alkalies,  and  these  are  reeugnised  throiigliout  the  domain 
nf  organic  chemistry  as  the  most  powerful  bydrolytic  agents  known. 

X  It  has  been  shown  that  in  the  case  of  coagulution  by  fibrin  ferment 
an  increase  of  weight  of  drie<l  material  takes  plaee,  ]nol»ably  chie  to  the 
elements  of  water  being  taken  \\\\  in  ttic  jii'ocess.  This  was  ticmnustnitcd 
by  taking  two  equal  portions  of  jdasuia,  allowing  one  U\  ditt  and  iml  tlie 
other,  and  then  drying  l>otli  uniler  similar  conditions,  wtien  the  clnttcil 
sample  was  fonml  to  weigh  a  half  i*er  cent,  more  thsm  tlic  other.- 

*  Hop|.»e-S€yler,  Anh^  /  d.  ges.  Phy-n^jl.^  BoiiD,  IS'U,  n«l.  xiL  8,  1  ;  NttTit'ki,  Jo  urn, 
f.prtda,  Chfm.y  Leipzig,  1879,  Bd.  xvli.  S.  \QTk 

' Obterrfttioii  bv  A*  Scbniidt,  comnnmicated  bv  t'r.  Tanirnan,  Zf^chr,  f.  phfjsiof.  Chem.j 
Stnabnrg,  iad2,  Bd.  x?i  B.  271. 
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Rate  of  zymolysis  ^  or  enzymic  action.— The  rate  at  which  diges- 
tion goes  on  in  any  digestive  fluid  varies  chiefly  with  the  following 
conditions,  namely — (1)  The  temperature,  (2)  the  reaction,  (3)  the  con- 
centration of  the  products  of  digestion,  (4)  the  concentration  of  the 
digestive  enzyme,  (5)  the  condition  of  the  material  to  be  digested. 

Temjjerature. — The  digestive  enzymes  are  very  sensitive  to  changes 
in  temperature ;  they  all  act  most  energetically  at  or  slightly  above  the 
body  temperature.  The  point  of  greatest  activity  is  called  the  optimum 
point ;  as  the  temperature  varies,  either  above  or  below  this  point,  the 
rapidity  of  action  of  the  enzyme  slackens ;  and,  as  the  interval  apart  from 
the  optimum  point  is  increased,  a  point  is  finally  reached  at  which  the 
action  of  the  enzyme  is  no  longer  appreciable.  Any  temperature 
markedly  above  that  of  optimum  action  slowly  destroys  the  enzyme, 
and  tliis  destructive  action  in  all  cases  becomes  very  rapid  at  tempera- 
tures varying  (between  50°  and  65°  C.)  with  the  particular  ferment,  the 
reaction  of  the  tiuidin  which  it  is  so  heated,  and  the  .degree  of  its  dilu- 
tion.- On  the  other  hand,  low  temperatures,  though  they  slow  and 
finally  stop  ferment  action,  do  not  destroy  the  ferment ;  this  recovers  its 
activity  completely  when  the  temperature  is  again  raised,  even  though 
the  temperature  has  been  kept  at  -  5°  C.  for  several  hours.^ 

Iimetio)i. — The  variation  in  chemical  reaction  of  the  fluid  in  w^hich 
they  act  has  a  similar  ett'ect  on  enzymes  to  that  of  variation  in  tempera- 
ture. For  each  of  the  digestive  enzymes  there  is  a  particular  reaction, 
and  degree  of  that  reaction,  at  which  it  acts  with  maximum  power.  A 
departure  from  this  degree  of  acidity  or  alkalinity  causes  a  more  or  less 
ra])id  diminution  in  the  speed  with  whicli  the  enzyme  acts,  and  a 
sufiicient  amount  of  departure  from  the  optimum  reaction  causes  the 
destnu'tion  of  the  enzyme.  Some  of  the  enzymes  act  in  solutions  of 
eitlier  acid,  neutral,  or  alkaline  reaction,  provided  always  that  the 
reaction  does  not  stray  too  widely  from  that  at  which  they  act  best ; 
exani])les  of  such  are  ptyalin  and  trypsin.  Others  only  act  with  one 
spec i tic  reaction,  and  are  rapidly  destroyed  if  the  reaction  changes  from 
this.  Examples  of  tliese  are  i)e])sin,  only  active  in  acid  solution,  and 
ra]»i(lly  destroyed  by  a  trace  of  alkalinity;  and  tlie  fat-splitting  ferment 
of  tlic  ])aiici'cas,  active  only  in  alkaline  or  neutral  solutions,  and  rapidly 
destroyed  l>y  acid. 

Arrii III  nhtfioii  of  dissolved  jrrodurts  of  adion. — Accunudation  of  the 
])ro(lucts  of  the  action  of  an  enzyme  in  the  solution  acts  unfavourably 
u[)oii  its  continued  action,  slowing  and  finally  altogether  checking  it.'* 
This  action  may  he  to  some  extent  ])revented  by  removing  the  products 
formed  l)y  dialysis,  or  diluting  them  by  the  addition  of  water.  In  the 
latter  case,  however,  the  ferment  is  also  diluted,  and  in  the  former,  since 
the  pi'oducts  of  digestion  in  most  cases  have  no  very  high  diffusive 
power,  tlie  rcnnoval  is  very  slow  and  incomplete. 

llenioval  of  tlie  digestive  products  by  dialysis  has,  in  addition,  the 
disadvantage  that  the  digestive  solution  is  diluted  by  the  osmosis,  due  to 

^  This  Icrin  is  that  jtro[tosi-(l  by  Shci-idan  litM,  Journ.  IViijsiol.,  Caiiibiidgc  aiul  London, 
1S90.  vol.  \i.  p.  -j:.!. 

-  V.  Witti.h,  .{,■>■],./.  <l.  n>x.  r/ufsin/.,  liuini,  IS(\[\  1'.,].  ij.  S.  193  :  1870,  IM.  iii.  8.  330. 

•=  r>i.l<h  r  VI.  Srliiiii.ji,  "Die  \fnJauiiiiL;.ssat'tr,  etc." 

•*  Hni<ke,  Sil-ALU'ish.  (L  k.  Akad.  <L  U'issrnsch.,  Wion,  1  sr.2,  VA.  xliii.  8.  601  ; 
'■  Vorhsuiii^o-ii,"  Wirii,  IsS.',.  IM.  i.  S.  312;  Coliiihciin,  rirrhotr's  Jrfhh\  1SH3,  B,l. 
xxviii.  S.  lU  :   Kuhnc  "  Li'lirhucli  ihr  jiliysioL  Chcni.,"  ls»!t>.  S.  31),  .')!,  Wl  ;  Slieritian  Lea, 

Jo-urn-    rinjs'iol.     ( '.iiiihi  id^f  .iiid   Loiulcoi     1  S!>0.  vol.    vi     i».   \>\>{\- 
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te  oemotic  pressure  uf  the  dissulved  pi«Kiuct8.  Tliis  water  may,  of 
course,  l>e  removetl  by  sul;>seqiieut  eva]if»rHtii>n  nt  a  Vws  teuiperiiiiirL*,  to 
avoid  injuriiif;  the  ferment,  and  apiin  dialysing;  bnt  pructifully  the 
diffusive  i^wer  of  the  usual  yaoducts  uf  dii^restiun  ivS  bo  hjw  as  to  render 
a  process  of  alteniate  tlialysis  and  evriporatinn  a  tedious  and  ahnont  ini- 

E"  le  method  of  freeing  the  .sidution  ennijdetely  of  thi^  prodiictw  of 
OIL  This  action  of  the  act  nnudated  }irinhicUs  of  diLrestinn  renders 
^estive  experiments  ciirried  out  in  ghiss  essentially  ditl'erent  fmm 
those  which  go  ou  within  the  alimentary  eanal,  where  the  prothictw  of 
digestion  are  removed  as  fast  a.s  tliey  are  fnrnied.  Not  only  nuist  tlie 
Mtaral  pr(>ce4?ii  run  more  tiuirkly,  hut  tlieri!  is  no  reawun  for  assniinng 
that  it  will  even  run  t|uahtatively  along  the  sjimt*  hnt-.s.  To  take  as  an 
example  the  tryptle  dtgestion  of  pruLeids,  There  are  formed,  as  we  shall 
see  later,  as  end  prodviety,  eurtain  aniido-acids,  and  a  suhstanee  known  as 
aaiipeptoue,  hut  long  liefore  these  products  are  tinally  reaehed,  stiluhle 
bodies  are  formed  which  can  he  shiAvn  to  he  eai>idile  of  absorption  and 
assimilation  by  the  epithelial  eells  liiUng  the  intestine. 

Digestion  experiments  in.  ritro  teach  uk  the  eM'ects  of  digestion  alone, 
8imdere<l  from  itsconstiint  companion  in  the  njitural  jiroci^ss— absorjition  ; 
and  no  perfect  method  ha,s  hitlierto  been  di*vised  whcruby  Llic  eO'ccts  of 
these  l\fo  pri*ee^seH  wta-king  in  ronjimctinn  can  be  demonstrated.  In 
the  animal  body  the  pure  etrcLl  of  digrstiun  and  absorption  cannot  be 
obeerved  by  studying  the  chendcal  cctmposition  of  tlie  intestinal  eonteid.B 
and  that  of  the  eontenUs  uf  the  ehannids  of  absorption,  bec^iuse  tlie  pro- 
ducts of  digestion  are  not  merely  al>sorbed  by  tlie  lining  cells,  bnt  are 
profomidly  modified  by  them  in  the  laoecss.  Nor  can  the  cond lined 
effect  of  digestion  and  absori>tion  be  studied  in  perieriton  by  any  known 
metbxl  of  digestion  and  dialysis,  bee^iuse  no  artificial  dialyser  bears  any 
but  a  very  remote  n^send dance  to  the  living  inteslinc.  A  dialyser  of 
parchment  pa]icr  not  only  removcH  ditFnsiblc  sid^stantes  with  infinite 
tlowuess  compared  with  tbc  intestinal  cpitbeliinu,*  bnt  it  alsf>  acts  on 
purely  physical  laws,  diffusion  taking  pkac  at  rates  tlircetly  pr(»portional 
U)  the  diffusion  coefticientH  of  tlie  subslanrcs  involved;  while  the  living 
epithelium  takes  up  with  great  avidity  soluble  subslaiK^es  which  do  not 
diffiise  at  all.  and  absolutely  refuses  jwissage  to  othtn*  very  diflnsililc  .sab- 
stances.  such  as  solulde  s;dis  of  iron.  Tliat  is  to  say.  al>sorption  by  the 
cell  is  setcrHir,  being  governed,  inde(*<i,  liy  fixed  and  iletinite  laws,  ])ro- 
hably  purely  physical  n\u\  el  le  mica  I  at  l>ottoni,  but  p3N»fonndly  mollified 
by  the  action  i*f  living  protoplasm - 

The  effects  of  removal  of  products  of  di^^estiou  by  dialysis  lias  been  stadieil 
by  Sheridan  I^a,'^  in  the  ease  of  stanli  digestion  by  ptyalin,  and  [>niteid 
digestion  hy  trypin.  The  rapidity  of  diidy>is  was  imaeai^CMl  by  meelianir.iHy 
ndsiiig  and  loweriug  the  dialysing  tube,  and  llic*  rate  of  digestion  ami  nature 
of  products  formed  were  coaiimred  with  those  in  an  exactly  similar  exiKTitnent 
trmnged  in  a  gloss  vessel.  It  w;is  found  (1)  thut  the  j^peed  of  dig(*stinn  was 
in  all  cAfies  increased,  and  (2)  that  befure  the  pr<Mess  came  to  a  standstill 
mxich  more  conversion  took  |>laee  than  it  was  jnii^siVtir  U*  attain  to  in  glass, 
ilthough  complete  convention  never  look  place  in  eitliei  I'ase  ;  these  diti'erences 
were  in  every  ca-^e  more  marked  when  concentrated  sohitiMUs  of  the  material 
to  be  digested  were  used,  showing  that  the  slower  dif^estii^ti  and  earlier  stoppage 

^  HdfJenhiiin,  Arch./,  d.  yrjt,  PfnjsioL,  Bonn,  "[bss,  ^nyul.  ileft.  VA.  sliti.  **>,  60. 
'  For  a  further  consjilermtiou  of  this  siiliject,  nro  '*  Pioti  id  Ah5fir[>tion,"  p,  ^30. 
^Joum.  Phyaioi.f  Cam  bridge  aiel  LoikIou,  18t»0,  voL  xl  p.  226. 
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in  glass  was  due  to  accumulation  in  the  solution  of  digested  products.  Similar 
experiments  on  the  digestion  of  various  forms  of  proteid,  by  pepsin  and  hydro- 
chloric acid,  dialysiug  into  hydrochloric  acid  of  equal  concentration,  have  been 
made  by  Chittenden  and  Amerman,^  who  found  that  removal  of  the  productB 
of  digestion  did  not  essentially  favour  peptonisation  or  alter  the  relative 
amount  of  albumose  and  peptone  formed. 

Concentratwn.  of  enzyvu. — The  rapidity  with  which  zyinolysis  takes 
])lace  naturally  varies  with  the  concentration  of  the  enzyme  in  the 
solution,  as  well  as  with  the  concentration  of  the  material  to  be  digested, 
vjlirn  thU  is  soh/hlc.  Eoberts  found  in  the  case  of  conversion  of  starch 
by  the  diastatic  enzyme  of  the  pancreas,  that  the  amount  of  standard 
starch  luucilage  which  can  be  converted  in  a  given  time  and  at  a  given 
temperature  varies  directly  as  the  quantity  of  active  solution  employed. 

Schlitz^  found  in  the  digestion  of  proteid  by  pepsin,  that  when  the 
solutions  eni])loyed  were  sufficiently  dilute,  the  amount  of  conversion 
was  proiHjrtional  to  the  square  roots  of  the  quantities  of  pepsin  present. 
Any  such  rule  can  only  hold  within  certain  limits  of  concentration,  a 
maximum  being  reached  beyond  which  further  concentration  of  the 
enzyme  has  no  etfect. 

Methods  of  estimating  the  relative  activity  of  digestive  solu- 
tions.—As  none  of  the  enzymes  have  been  isolated  in  a  pure  condition, 
it  follows  that  there  is  no  means  of  estimating  the  absolute  amount  of  an 
enzyme  in  solution.  This  is  practically  never  a  matter  of  any  moment, 
))ut  a  |»r()l)lem  which  often  presents  itself  in  practical  work  on  digestion 
is  thai  of  cstiniatnig  the  relative  activities  of  two  digestive  extracts. 

Tlu^  attivily  of  a  diastatic  enzyme  can  be  most  accurately  estimated 
])y  (lelerniinin^r  the  amount  of  sugar  (maltose)  formed  under  given  con- 
ditions in  a  ^iven  time  by  a  given  volume  of  the  solution,  acting  on  a 
nieasurotl  voliniH.'  of  a  standard  solution  of  starch  mucilage  ;  this,  however, 
is  a  tedious  and  troublesome  process,  and  for  most  jnirposes  a  sufficiently 
accuiatc  ])rocM\ss  is  that  of  observing  when  the  starch  has  all  disappeared, 
as  shown  by  the  failure  of  the  iodine  reaction. 

Sucli  a  niothod  has  been  introduced  by  Roberts."'  He  varies  the  amount 
of  the  (liastatie  solution  added  until  the  ^^  achromic  j'oint  "  is  reached  within  a 
period  lyiu^'  lietween  the  limits  of  four  and  six  minutes.  This  achromic  jToini 
is  that  jxiiut  at  which  the  starch  sf»lution  ceases  to  give  a  yellow  tinge  with 
indine,  wlicu  acconlingly  the  sc>lution  contains  only  achroudextrins  and  maltose. 
Knbcrts  (Icliiics  tli(Mliastatic  value  of  a  solution  (denoted  by  the  symbol  D) 
l>y  the  V(»lunic  in  (;uhic  centimetres  of  a  standard  starch  mucilage  which  can 
l>e  cniivcited  to  the  arliwinir  jtoint  by  1  c.c.  of  that  solution,  acting  during  five 
uiiinites  at  a  tcniiM'rature  of  40'  C. 

Tlie  standard  Solution  of  starch  mucilage  must  be  prepared  fresh;  it  is 
made  by  stirriuL,'  u]>  5  grms.  of  piu'e  i)otato  stanth  with  30  c.c.  of  water,  and 
jMiiuiii.L;  slowly  into  nearly  470  c.c.  of  water,  which  is  kept  boiling.  The 
Tiiixtnic  is  stirred  and  Ixiiled  for  a  few  seconds,  and  linally  Jiccurat<jly  made  up 
to  r;00  r.c,  thus  priving  a  standard  solution  (1  per  cent.)  of  starch. 

The  solution  ni  i..dine  used  is  made  by  diluting  1  part  of  the  ////.  iodi  of 
the  Pharni.  Drit.  with  I'OO  parts  of  water. 

In  making  a  det<*rmination,  (»ne  proceeds  as  follows  : — Ten  c.c.  of  the 
standard   staich    mucilage   an;   diluted   with    distilled    water   t(»    100   c.c.    and 
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tinned  to  40'  C. ;  a  known  volumo  \4  the  <liii.^tiUii'  sidutioii  ki  he  tested  is 
nejctidded,  say  1  cc,  noting  the  time;  dn»pH  uf  the  su  hi  lion  are  then  te^^ted 
from  time  to  time,  say  at  intervals  *if  t<  11  .neuonds,  witli  drops  uf  in<line  nn  a 
putelain  shib  until  no  yellow  tinge  id  produced^  and  the  interval  of  time 
Trhich  has  elapsed  is  noted.  By  altering  the  am«anit  of  diastatic  solution 
added,  as  a  result  of  preliminary  experiLiient,  this  time  must  he  armnf(eii  ti^  lie 
between  four  and  yix  minut^js ;  if  the  time  is  8hi>rter  than  four  minntes,  an 
liTQrof  a  few  sexxmds  in  determining  the  time  of  conver.-iion  makes  toi*  large  a 
peroeiita^  error,  or  if  it  he  niufdi  longer  than  six  minutes  the  transition  is  too 
gndtial  at  the  end  for  the  eye  tf»  aecurat^^ly  caleh  the  arhromir  pftint.  If  v 
be  the  volume  in  cubic  centimetres  tjf  diastatic  stduti^m  added,  u  the  time  t+> 
teach  the  achromie  p^int  in  minutes,  ami  D  the  diastatic  Vidue  iif  the  siduti^m 

as  above  defined — then,  />  ^  -     x 

V        n 

This  value  of  D  given  a  measure  of  the  activity  <if  a  given  diastatic  snlutiou, 

in  terms  of  a  «t<mdard  which  can  he  easily  reprodueeil  at  any  time  to  njeasure 

the  activity  of  another  diastatic  solution,  and  so  comparable  results  may  be 

obtained. 

Various  methodic  are  in  use  hn-  detenniiiing  tht;  rcLiLivu  aciivity  of 
^jToteolytie  84ilutiuiiH. 

The  earliest  method  is  that  first  intrmlui-ed  hy  Iiiddcr  and  Si  hmidt,  and 
used  in  various  moditicatirms  by  other  ex|jeriinfnters.  It  a  insists  in  deter- 
mimng  the  weight  of  proteid  di:>.sulved  in  erjuid  times,  hy  equal  vidnmus  of  the 
iigestive  liquids  added  t**  equal  vnhimes<d  a  proper  digestive  mediimi.  The 
method  is  oftenest  used  for  relative  determinations  nf  pcpnin,  when  tlie 
fiedium  used  \s  hydrochloric  acid  sohitiiai  nf  1  or  1'  per  uiillr,  but  it  may  also 
\t  tued  for  tryjisin,  when  |  per  cent,  si » Hum  carl xai ate  can  be  used  as  a 
neditUD.  The  digestive  solutions  are  placeil  in  a  bath  ai  40  C,  and  when 
they  have  acquired  the  temperature  of  the  kith,  ei[ual  weighed  |Mjrtions  of 
ftjaally  fiDely  subdivided  hard-^Miiled  wliite  of  egg  (obtained  by  jmssing  tlirough 
pnze  netting)  are  added  to  each,  and  iligeslion  allowed  t^j  proceed  for  the  same 
period  in  each  case,  say  twenty-four  hours  ;  the  liijuids  are  then  tillered,  and  the 
PBfidues  left  undigested  are  washed,  dried,  arnl  weighed  ;  a  third  equal  tpiantity 
i>f  the  white  of  egg  used  is  also  dried  ami  weighed  without  pri^vious  digestion  ; 
lud  fnim  the  figures  so  obtained  the  amounts  nf  dissolved  wliitc  of  egg  are 
tleduced,  and  these  are  taken  as  representing  the  ti>ni|itirative  pcptonisiug 
ulueti  of  the  two  aamijles. 

Brileke's^  nwthod. — This  miithml  rouHiHts  essentia lly  in  dilnliiv-^^  the 
two  proteolytic  solutions  to  be  eomparud  willi  the  Htirne  nieiliojo  (I  per 
mille  HCl)  in  two  Beries,  and  then  pieking  out  llmse  two  nioinbeiw  in 
each  series  which  are  uumi  nearly  efjual ;  from  the  relative  dilution  of 
these  two  the  comjiarative  activity  nf  the  two  original  sulutions  easily 
follows. 

Vessels,  I'epmn  Sohitani]  of  Aridity,         Wahn  of  Ai-iihty, 

ijHT  Mille,  i]»i!rMillc. 

1  .  .  K>  0 

2  .  .  8  8 

3  ,  ,  4  12 

4  ,  ,  2  14 

5  .  .  I  15 

6  .  ,  0*5  ITro 

7  .  .  0*J5  15 '75 

*  "  VorlcffOJigen  ueber  Pby^iologie, "  Wiuii,  ls.s5,  Aull.  1,  IVL  i.  .S.  I'Al, 
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Hydrochloric  is  aJcleJ  to  tho  two  ]>epBin  ?^olutions,  until  tlie  acidity 

represents  1  gnn.  o  jdroeliloric  a^id  per  liti"©.  Tliese  am  thcjo  diluted  lo  ^ 
series  of  vessels  wit  bydrofldoric  aeid  (1  por  miili*)  actiording  to  the  foregoing 
scheme;  the  figures    3prc«ent  volumes,  say  cubic  cctn  timet  res* 

A  corresponding  eries  of  dilutions  of  the  second  solution  is  also  prepared,, 
and  in  the  vessels  o  joth  Bcrtes  a  shred  of  iibrin  ^  \&  digested  for  a  ^ven  tim©. 
o,  correspoudingly  advanced  specimoni;  are  picked  out  in 
I  attentirku  being  paid  to  the  more  dilute  samples,  whii^h 
tiona,  and  the  compandive  power  of  the  two  splutionja 
sample,  if  No*  3  in  one  series  correi^iKinda  to  No.  5  in  tho 
r  lime^  as  powerful  si,s  the  former  ;  a  closer  approximation 
can  then  evjidently  Ik  obtained  by  a  se<*on<l  ex]>erimcnt 

GriiiihagevLB'^  j/jpZ/jfj^/^^Filirin  iw  s\vi»lli>n  out  by  placing  it  for  @ome  Loun 


At  the  end  of  the  t^ 
the  two  series,  espe^ 
give  the  truer  inili 
easily  follows.  For 
other,  the  latter  is  f « 


in  dilute  hydrochlcnir 
placed  in  similar  iilte'                 ' 
various  digestive  fiolu 
to  dissolve  and  drop 
previously  swollen  ii 
from  the  different  1 
ative  activities  of  t, 
evidently  cannot  1  >o  • 
Griitzner's'^  Truth 
methods  for  pepsin, 
the  velocity  with  ^vlvi                  ii 
uniformly  with  carmine,  i\y         n 
by  the  finely  divided  particie.9  of 


>rtiotis^  of  tld<^  swollen  tibrin  are 
"-^  G([ual  volume,  say  1  c.c,,  of  the 
poured.  Soon  tlie  lilirin  begins 
Ug  in  the  dilute  acid  which  had 
lonnts  droxiping  in  equal  tiiues 
»  rat-e  of  the  drops,  the  eomimr- 
be  determined.     This  method 

or  trypsin,  but  is  one  of  the  be^t 

hod,  and  consists  in  me^isuring 

I  L-Aamination  dissolves  fibrin  stained 

depth  of  tint  imparted  to  the  solution 

..ae,  wbicli  are  mi  free  in  the  solution  at 

a  rate  proportional  to  that  of  solutifm  of  the  fibrin. 

The  method  is  liest  carried  out  by  t'i>m paring  the  deitth  of  the  tints 
produced  at  observed  time  intervals  with  tho.^e  of  a  number  of  standard  solu- 
tions of  carmine.  The  metbuda  employed  in  preparing  the  stained  fibrin  ajid 
these  standard  tints  are  as  follows: — Tlie  fibrin  l^  firs^t  well  washed  in  a  stream 
of  running  water  arcomjianicd  by  knctidin^^''  anil  then  placed  for  twenty-four 
hours  in  a  bath  of  weakly  amnionincd  0'^5  per  cent,  carmine  fitdution/  t!ie 
volume  of  stainiuL;  tluid  being  liirge  compared  with  tbat  of  the  mass  of  fibrin 
to  l)c  stained,  and  the  latter  being  pulled  into  small  pieces,  so  as  to  ensure 
thorough  and  uniform  staining.  After  staining  for  twenty-four  hours,  the 
fibrin  is  removed  from  the  staining  bath  and  washed  well  in  a  stream  of 
running  water  until  it  ceases  to  colour  it.  Before  using  for  a  digestion  experi- 
ment, the  coloured  fibrin  in  small  pieces  is  immersed  in  about  five  times  its 
volume  of  0-2  per  cent,  hydrochloric  acid  for  thirty  to  sixty  minutes;  this 
swells  it  \\\)  to  a  clot-like  mass,  and  it  is  used  in  this  condition,  pieces  of 
approximately  equal  size  being  placed  in  equal  volumes  of  the  various  digest- 
ive fluids  to  be  compared,  contained  in  equal-sized  test  tubes. 

The  scale  of  comparison  tints  may  be  prepared  by  adding,  in  varying  pro- 
l)orti()n,  a  glycerin  solution  containing  one-tenth  per  cent,  of  carmine,  to  water 
in  test  tubes  of  equal  size;  thus,  to  19*9  c.c.  of  water  are  added  0*1  cc.  of 
one-tenth  per  cent,  glycerin-carmine  solution;  to  19*8  c.c.  of  water,  0*2  c.c.  of 
the  same  glycerin-carmine   solution ;    and   so   on,   linishing  with    a    solution 

^  A[»}ti'oxiriiat('ly  of  rquul  size  ;  a  sli^'ht  fliHeroiice  lias  no  appreciable  efTect. 

-  Ji'cli.  f.  (I.  (jes.  ritiisioL,  Bonn,  ]S72,  Bd.  v.  S.  203.  For  a  inetliod  of  adoy)ting  this  to 
experiment  at  l)0<ly  teniperatnre,  see  (Jnitzner  and  Ebstein,  ihld.y  1874,  Bd.  viii.  S.  12*2. 

^  Ibid.,  1874,  Bd.  viii.  S.  452  ;  "  Ncue  Untersucli.  ii.  15ildungu.  Ausscheid.  des  Pepsins," 
Haliilitationsschrift,  Breslaii,  1875. 

^  It  may  advantageously  be  left  in  water  over  niglit  to  remove  acconqianyiug  haemo- 
globin. 

^  rrejtarcd  by  dissolving  1  grm.  of  carmine  in  a  small  volume  of  dilute  annnonia  and 
making  up  to  400  e.c.  with  water  ;  tlie  solutii»n  sliould  only  very  faintly  smell  of  ammonia, 
and  if  necessary  must  be  left  exposed  to  the  air  until  the  odour  of  ammonia  almost  disappears. 
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of  10  c,a  of  water  and  1  (^x,  of  gly^erin-cjirmiiie  solution.  In  this  manner 
tan  itandard  tint*?  are  oVitained,  ihi\  vahinfl  of  wliich  correspond  to  the  iiumberH 
ItolO;  theae  are  montited  in  a  st^ind  ai^ains^t  a  nniforni  white  back^Toimd, 
m\  are  used  ta  compare  with  tho  rrsiUts  uf  di^^'estion^  after  rqnal  intervals 
of  time.  For  example,  if  after  thirty  niintitas'  digestion  the  tint  of  one  tc^t 
wbe  corresponds  most  idodely  to  that  of  Standard  2,  wliile  tlmt  of  another 
corresponds  to  Standard  6,  the  latter  is  three  times  as  iioworful  a  tlif^estive 
solotton  as  the  former.  The  digestive  solntions  sluould  he  so  diluted  that  they 
ict  somewhat  slowly,  because  aftar  a  time  a  maximum  tint  ohtains,  and  then 
the  weaker  dii,'estive  fluid  catches  up  on  the  other  ;  thfi  fitrther  apart  from 
this  maxim un I  the  measurements  j^re  taken  the  hetten  Also,  if  a  close  approxi- 
mation to  the  romparafh'p  auvmnf.^  a/  pfipi^in  in  two  solutious  is  rerpiired, 
tfU^r  a  preliminary  experiment  the  stron;^er  of  the  two  must  lie  dikited 
experimentally  until  it^s  action  is  equal  to  that  of  the  otlier,  tlieii  the  pro- 
portion of  dilution  gives  the  proportionate  streii^^li  in  pepsin  of  the  two 
polations.  This  determiuation  may  be  most  speedily  attaiued  by  uiaking  a 
dmultaneous  series  of  dilutions  sjf  the  stronger  solutiou,  aud  c<iraparing  the 
itpftagth  of  their  action  with  that  of  the  other  solution  or  a  series  made 
from  it. 

Two  tubes  of  equal  ajieed  of  action  are  picked  out,  and  from  their  dilutions 
the  comparative  richness  in  pepsin  of  the  oni:inal  fluid  easily  followj?.  Griitzner'a 
method  may  also  be  employed  without  a  iitn]^  of  stai\dard  tints,  by  stepping 
digestion  after  an  equal  period,  and  then  diluting  the  stron;^er  solution  until 
Its  tint  becomes  equal  to  that  of  the  weaker^  or  by  ciirryin;,'  i>ut  two  series 
in  aJiqnot  dilution  of  tlie  two  snlnti<ms  to  be  compared,  nnd  piekiuf^  out 
equally  advanced  members  of  the  two  series.  In  case  the  comparison  is  luade 
with  s*ilutions  of  unequal  power,  it  mn^t  be  remeiultered  that  wliiit  is  measured 
is  the  comparative  digestive  [tower  and  not  the  coni[>aralive  streiigtli  of  the 
lolntionB  in  pepsin,  because  the  two  are  not  proportii»nal  ;^  in  all  cases  it  is 
preferable,  for  accuracy,  to  prejiare  solutions  from  the  originals  of  equal  power, 
tail  from  the  amount  of  dilutious  of  these  to  deduce  the  comparative  strength 
in  pepsin  of  the  originals,  as  indicated  alxjvo. 

Metti^i  methotfr — Tins  method  is  stated  liy  Samojlotl"  to  yield  exact 
iwttltfl.  It  consists  in  filling  tine  glass  tubes  of  1  to  2  mm.  in  diameter  with 
Said  white  of  egg,  then  coagulating  by  iieat,  and  cutting  olF  pieces  of  equal 
lengtli.  These  are  pla^^M'd  iu  the  digestive  s<dutious  rit  boily  teutpcrature,  and, 
Jter  the  lapse  of  a  certain  interval,  the  length  of  uliite  f>f  egg  digested  oil'  is 
measured,  which  gives  a  measure  for  the  comparative  activities  of  the  two 
fitxidi. 

GriitzTier ^  ha,s  also  introtbici^il  ruotluuls  fin-  conqariir^  tlu-  diuj^tatic 
and  fat-8plitting  powers  of  pain-ieatir.  (*x tracts. 

Tliat  for  diastatic  action  closely  resemliles  Gninhagen's  metfiod  for  protco- 
lytic  action.  Iv|«ial  volumes  of  3-4  [)er  cent.  st:in'h  paste  are  pined  on  siiailar 
niters,  through  wliirh  they  do  not  lilter  tintil  dissolved;  to  each  filter  0*2  to 
0'3  C.C,  of  the  extracts  to  he  coraj^arcd  are  next  addcd^  when  solution  of  the 
itarch  takes  place  at  a  rate  proportioiird  to  tlie  amount  of  enzymo  i>resent, 
and  a  comparison  of  the  amounts  filtering  tlirougli  iu  a  given  time  supplies 
I  measure  for  the  activities  of  the  extracts. 

The  method  of  com[»aring  the  fat-splitting  powers  of  different  extracts 
consists  in  allowing  the  extracts  to  act  on  an  emulsion  in  presence  of  litmus^ 
ind  noticing  the  tiuie  and  amount  to  whiidi  the  latter  is  tunivd  vvA  by  the 
acid  developed.     The  emulsion  rccouuue]i«Ieil  is  niadr-  by  mixing  10  parts  of 

»  See  Schiltjr/s  law,  p.  322. 

'Sanicijlotr,  Arch,  fie  m.  hv4.,  .^t  P^U-i'i-flbourg,  ISOIJ,  tome  ii.  p.  707. 

'  Arch, I  rf.  ijen.  rhf/sh!,,  Bonn,  l'^7»),  B>k  xii.  H.  293,  aO'J. 


326        CHEl 

oil  of  almonds,  5 
of  litmus  is  preparou 
colour  when  placed  . 
of  white  pa|>er;  in 
placed ;  to  each  five 
of  the  pancreatic  exfe 
amount  of  red  deyelt 
in  fat- splitting  fenn 
for  each  extract,  a 
members  of  each  sen 
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ab  of  ^m^arabic,  and  S^  patia  of  water*     A  aoltit 
i  sudt  euuci«utmtian  and  nsiuiticui  iheX  \%  nhowv  a  Tiolii  < 
1  U'$l  tiiln*^  abinit  a  rpntitiH^tre   in   dtamelef  in  fttml 
rh  %^i  tu^K*  10  r*r.  of  thi»  dilute^  litmus  aottition  mm 
"^1  «]iR  of  ennibion  ai«  added  :  then  c^qttal  Yt)Iamea  of  aa>Gll  | 
cU  Ui  lu'  torajMired*     From  tlie  times  in  whtixli  all  equal . 
•6  iu  tlir  Iiliuut«  111  fuAx  ciifi^,  Uit!  rtcbneflks  of  tbii  extmelB , 
it  may  ^¥^  ilctrrmmrtL     tlr  a  srncaa  of  deA^gminatJAiii  \ 
ig  a  Tarying  quantity  of   It,  may  b<^  Tnadi^i  and   tlw' 
j  compared. 


The  condition  t  *  the  iiiiiterial  Ui  1>e  digested  has  aldt>  a  i»rt>foimd 
effect  upon  the  rapidity.     l\w  factors  of  nit)8t  mometit  are — 


1.  Whether  the  i               j 

. 

2.  Whether  it  b                \ 

1 1     bed  (eooked)  or  not     Ib  the 

case  of  starch,  previ< 

uu  of  a 

f^tarrh  pa^tt?  sbortem' 

the  process  iu  the 

iti*^ ;  in 

the  casL*  c*f  |Trot«kk,: 

previous  heat  coagi 

yiri*i>K  o 

f  ilisjei^ition. 

8.  Materials  wi 

]vtNl,  a 

\m\  mn^X  t1ii*ref(»re  lie 

attacked  from  the  . 

nt*  qui* 

*kly  when  ill  a  fiiieJy 

suMivided  conditio? 

! 

!/f?i^«. 

CUss  of  Enz\Tiie. 

XwifK?  of  Kiir^tiir 

1.  rtyalin 

SaJh* 

CoiiTfTt     atny|ftii«« 

DlAJSltAtii'                          • 

J.'la!>l4t  llv           •        • 

2.   ATtiyl«^i«iii 

pAnrn^tlrjut^ 

tndtive,  ami  imml* 

i  tf»t-r  *>f  gluooK. 

i 

1.   IVpsb 

r,iwiHcitil<i* 

1     Proto* •lytic   .     .  '' 

1 

•2.  TrviHio 

rjtni-rratie  juioff 

Couv^fts  {inkt^ili  latA 

1   _ 

.  1 

»i^i  «iiii<1o^«cMik 

Fatsj'litting  ^^r 

1 

,     Stfajwlu  or 

1    Fumrcatic  Jwi<v 

Splito  u^  nimlml  rut* 

ste;U«>lytir                   pVftlyji 

into  hxij  lad*  mhI 

i 

glyt-f^riti. 

i                                        1.  Ri'jttiiu 

Uiu^utc  jaicf 

CoAgiilitea  niHk,   co«i- 

1 

1  trtiii|ij  cft»iiiiicrn  in 
pre.«ii'n«!  of  mlrauni 

1 

1 

salts  iut©  c^^tii,            ' 

,     Con-uUtin-       .          -^   AtinnuftniHl 

1 

fenmiititLN  nr- 

nng:  in    jmui- 

( 

rreatif.'    }\nk\\ 

■which     iilsn 

CMIP4tni  1  u  t  <  « 

tnak 

i 
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Speoific  action  of  ©naymea— The  different  enzymes  are  npeeific  in 
tbeir  action:  that  is  in  say,  wieli  etizynie  nnly  netH  tm  mie  eljiSB  of 
miterml  and  acts  011  it  in  a  (leter[niii;ito  iiisuuier,  pn Mincing  teiiain 
specific  substances  as  tlje  result  of  that  action.  The  Uible  on  p.  32G  is 
I  dASsification  of  tlte  f%r-s/£icenzTOie8  according  to  their  specific  action* 

Defldiption  of  the  digestive  enzymes. -The  ihge«tive  enzymes 
may  in*  here  lanst  conveniently  treated  ui  according  U\  their  oeeurrenc^ 
in  the  vai'ioiw  digestive  st^eretions J lecause  of  ilie  ilescrijttion  of  the  mode 
of  their  sei^aration,  whi;re  more  liiaii  one  i.s  found  in  the  sanic  digcHtivc 
flnicL  Their  action  on  the  ditierent  cluHses  of  loodstuHs  aud  the  products 
brmed  therel>y  will  Ije  considered  afteiwards. 

Ptyalin.— In  the  saliva  of  niunyaniinals,  and  es)^eeially  iu  the  herhivora, 
idiastatie  enzyme  is  ffumd,  to  whicli,  soon  after  the  discovery  that  saliva 
panosse*!  sueh  an  action/  the  nauu*  ptifitlin  was  applied.  In  fishes 
»ad  in  cetiicea  im  salivary  glands  are  ]»reseutr  and  iu  some  other 
aniuiaU  the  salivary  secretion  pissesses  no  diasLatie  action  ;  hn'  example, 
the  8ali%'a  i>f  tlie  dog  has  no  diastatic  action,  and  the  same  stutement  is 
made  for  the  typical  caruiviu-a  in  general^  In  man,  the  sccretimi  of  both 
the  parotid  and  Bubmaxillary  glands  has  a  rliastatic  action.  At  birth  the 
fBiment  is  (mly  found  in  the  parotid  :  it  makes  its  [irst  appcaranre  in 
lIlBillbmaxillary  two  mimths  later.*  In  the  horse  the  secretion  lesives 
the  parotid  with  the  diastatic  fernujnt  slill  in  the  condition  of  a 
zymogen,  from  which  the  enzyme  is  set  free  l>y  treutuuvnt  with  alcohol 
or  by  contact  with  nntiltered  air.^ 

I'tyalin  wjis  first  se|Mirated  from  saliva  in  an  impure  furm  by 
llialiie,**  hv  precipitating  filtered  ssiliva  with  excess  of  al»solnt<^  alcohol. 
A  §canty  tloeculent  proteiil  precipitate  is  so  obtainnb  which  t^arries 
down  the  ptyalin  Oiechanically.  Mialhe  sbnwed  that  tbis  prccijatate, 
which  waa  insoluble  in  strong  alcobrd,  but  {nirtly  solulde  in  water  or 
weak  alcohol,  posseased  when  dissolved  the  diastatic  power  of  the 
original  saliva.  From  its  su]>iH)sed  identity  with  tlie  diastase  of  nudt, 
he  called  it  diastaM  tmimffl  a  a  mliafhr^  and  uscil  the  term  ph/tfiln  as  a 
•jmonym.  It  is  now  kmrnn  tliat  ptyalin  and  raalt  diastase,  tbouoh 
alike  in  their  action  upon  starch,  an*  not  identical,  'iliis  is  sliown  best 
bjr  the  difference  in  the  reaction  of  the  two  enzymes  to  ibangcs  in 
temperature.  According  to  Roberts/  saliva  posKess(.*s  a  maximum 
action  between  the  temperatures  ol  :UJ  and  45  (".,  and,  at^cording  to 
Kjeldahh**  the  optimum  temperature  is  4iV  C,  while  tltc  enzyme  is  rapidly 
destroyed   by  a  temperature  lying  hr^twccn   (jo    :ind  7^    ( '.^     On  the 

^  Leucha,  Arch./,  d,  ijes.  NfdurL^  Niirnbcirg,  1831  ;  Srhunim,  Ann,  tL  liufs,  if.  tltfm,, 
UtDo^  1S36,  Bd.  xxxvtii.  H.  ^53, 

'  AccoiNJii]f(  to  Knikpulierg  ("  (JriinfJj'.Ugt^  cinor  v+Tgltiili,  PhysioK  ik-r  Venitiuung/^ 
ISej,  S.  67),  in  some  tisht-a  tht*  weuretion  af  the  iiiiHiru;^  gliiirLH  of  I  hi-  inoutli  C'^*'*"'-'****'**  * 
diutAtic  ftction ;  the  same  ia  tnic  of  tlic  niiieou.^  HiM-nttimi  of  tlm  froM^s  rnniitli. 

'UnlUijer,  Arch.  f.  tL  ges.  PhifsioL^  htmn,  1^7M,  Hd.  xii.  *S.  ii^i*  :  liiaig*',  '' LeliHuirh 
4«r  pbfsiol.  Chonu,"  Lt'iiutig,  18fJ4,  Asill.  :i,  S,  3  40;  NciimebU^r,  '*Lelulpueh  iler 
pfcynol  Cheiii.,  fit-.,''  Jen*,  Ism,  T\u  1.  H.  liiJ. 

^Zwcifel,  "  Unt^frsiicli,  iu't>er  flen  ViTil«uniii)^'Ha|nmmt.  ilt-r  XriigeboK'TU'ii/*  Tkrliu, 
187i  See  also  Seytt'«r,  Ju/iirjib.  ii.  d,  Ft/rtHchi\  d.  i'/ttfr-f'hrm.,  Wii  a!»a<it  ti,  1872,  H<i. 
ilS,  *J05;  Korowin,  ihid.,  1873,  Ikl.  iii.  S.  l'^8  ;  BnyiT,  ibtfL,  1m7«>,  \^h  vi,  8.  172. 

' GoJdit'hmidt,  ^tgeftr.  /,  pkpHwL  t'/i/m.,  Sinissturrg,  l^^f),  lid.  x.  tS.  273. 

*C(mpt,  rend.  Aead.  d.  *?.,  Farb,  \^Mu  tfitiy  x%,  y\K  (J'll,  14^:J. 

^  **  Digeation  and  liiet/'  Umdon,  1891,  i*.  l\h 

'Abitract  in  Jahresk  iL.  d,  For/schr.  d.  Thirrf'hrm  ,  W'ivslmihn,  \H79,  UfL  i.v.  .S.  IJSI. 

'Eoberts,  loc,  cU.  ;  Kuhue  aUtoii  tbat  ?^liva  Uises  iU  uttivily  nl  a  tiniiHrntiioi  o( 
«<r  a  (»*  Pliywol.  Chem*,"  S.  21 ). 
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otlier  hand,  the  optimum  temperature  for  malt  diastase  lies  at  50°  to 
56"  C. ;  ^  the  activ'ity  does  not  greatly  diminish  until  60°  C.  is  passed,  and 
then  rapidly  decreases  and  disappears,  the  ferment  being  destroyed  by  a  • 
temperature  of  80°  C.  Malt  diastase  is  also  much  more  sensitive  to  the 
presence  of  salicylic  acid  than  is  ptyalin,  being  stopped  by  the  presence 
of  005  per  cent.,  while  ptyalin  is  first  affected  by  01  per  cent.,  and  not 
com])letely  stopped  until  a  strength  of  1  per  cent,  is  reached.^ 

There  is  unfortunately  no  such  certainty  as  to  the  identity  or  non- 
identity  of  ptyalin  and  amylopsin  (the  diastatic  ferment  of  the  pancreas), 
which  is  als(3  called  ptyalin  Ijy  some  authors.^  By  others,  the  two 
enzymes  are  accounted  different,  because  {ii)  the  pancreatic  action  is  more 
intense  and  complete,  and  {b)  there  are  certain  differences  in  the 
products  f<jrmo<l  by  the  action  of  the  two  enzymes.*  It  is,  however, 
([uestiona])le  wliether  these  effects  may  not  l)e  entirely  ])roduced  by 
(lifferences  in  concentration  in  the  two  crises  of  one  and  the  same 
ferment.  In  their  behaviour  to  change  of  temperature  and  reaction  the 
two  enzymes  are  identical ;  the  rate  of  conversion  of  stiirch  into  other 
substances  depc^nds  on  the  concentration  of  the  enzymes  in  the  solution ; 
and  with  regard  to  differences  in  the  products  formed,  it  is  not  denied 
tliat  in  ])rol()n^ed  salivary  digestion  a  small  quantity  of  dextrose  is 
formed,  it  is  only  clauned  that  larger  quantities  of  dextrose  are 
formed  in  a-  shorter  time^  l)y  the  action  of  the  diastatic  enzyme  of  the 
pancreas ;  tliis  again  is  a  difference  in  degree  and  not  in  kind,  and  may 
well  be  due  to  a  difference  in  concentration  of  enzyme. 

Cohiiheini'^  obtaine<l  ptyalin  in  a  purer  form,  tliat  is,  more  free  from 
admixed  jiroteids,  by  a  method  closely  resendjling  that  of  Briicke  for 
])(»])sin,  and  consisting  essentially  in  producing  a  ])recipitate  of  tricidcic 
pbosph;it(^  in  the  saliva  hy  the  addition  of  ])bosphoric  acid  followed  l)y 
milk  of  lime:  this  ]»recipitates  meclianically  ])ly.ilin  and  proteid,  the 
]»tyalin  (lissolv(\s  nmix*  easily  tlian  tlie  ])roteid  on  afterwards  washing 
the  ]»re('ipitalo  with  distiHcMl  water,  and  may  in  tliis  way  be  separated. 

The  sohiiion  so  o])tain(M]  was  actively  diastatic,  ])ut  yd  <javc  none  of 
fhr  iisiKiJ  jn'dfrid.  rrf(rfi()n>i,  was  not  coagulated  on  ]>oiling,  gave  no 
T'eactinns  with  nitric  acid,  mercuric  cliloride,  tannin,  iodine,  (a*  acetic  acid 
and  ])o(assiuni  fevrocyanide.  The  ptyalin  ])recipitated  from  it  was  not 
a  ])ure  substance,  but  contained  chlorides  and  phosphates  of  sodium  and 
calcium. 

Excess  of  alcohol  caused  a  llocky  ])r(H'i])itate  of  ])hos])hates,  an<l  an 
anior]»h'ius  urainilar  substance  coloured  yi?llow  l)y  iodine.  I)rie(l  at  a  low 
leni|>fi-al  ui-e,  this  ]»r(M'ipitate  fui'nisluMl  a  white  ])owder,  only  slightly 
solubl<'  in  watei",  which  retained  its  diastatic  action  for  months. 

A  very  acti\e  material  may  also  be  (iblained  by  v.  Wittich's  method 

'  Cliitt-ii'l-n  aii'l  Mail  in,  S/wL  Luh.  /7/?/v,V.  ^7/////.,  New  llav.^n.  1SS.">,  vol.  i.  p.  117  ; 
al.stra-l  in  .!,<},  rr^i.  „.  <l.  Fnrt<r},r.  >1.  Th'ln'-i 'ban.,  Wi.isl.a.lcn,  1^S5,  I'xI.  xv  8.  2t);^  ; 
Liiitn.f  ami  Ivkliard.  ,h.iir,i.f.  ]>r"I:t.  ('h-'m.,  l.^-xy/v^  l^'.'l.  N.  F..  lUl.  xli.  S.  i»l  ;  Stntzn- 
aipl  Ml.  It.  /t.,rl,r.  r.  ,'h.'>i',l.^  ('h,  ni..  Stia^sl.uiu'.  1^>^,  VA.  xii.  S.  72. 

•-.nil.  Mull-r.  Jn,'n>.  r.  ///•'//./.  f'hnn..  Lcip/'i-    is":.,  X.  I'..  IM.  x.  S.  -1.^.. 

'■  X.Miniri.t.T,  "  L.liii.u.li  <1.T  phv^iol.  (■Iirn).."M.na.  IM*:/,.  Tli.  1,  S.  147. 

••  Sr..  Slinj,!  in  L.a.   "  (iLtnical  liaH>  <.f  tlif  Animal  P.-.-Jy."  Lnn.loii,  1S<-J.  p.  iu. 

■'  Lt  a,  li-.\\.vi  r.  f'..ijn'l  nu  <lc\ti.)S".  Imt  "nl  y  m  ill-ts.',  jn  his  f\|.<'iini<'nt^  quott-d  on  p.  .'U»}, 
S.cal-..  iJiMwn  ami  II.  inn.  /'/■,.,■.  /,'',>'.  S<.r,  imuln,,.  IsM),  Xr..  -JOl.  |).  •VX\  ;  Mu^fiihis  ami 
(Iruli.r,  /f-.-hr.  i\  j. },./<:,,'.  i''h>,n..  Sf i  iv.|,iii<r,  ^s7^-;»,  l'„|.  ii.  S.  177;  Musciilu.s  and  v. 
Merin-    //'-/..  S.    Hi:'.:   v.  M.-iin-.r,  /^"'/.,  l^M.  IM.  v.  S.  ls:». 

'•  r//'rh'i>/-'s  ./,•<•////•.  ]^i\:'>.  lid.  wviii.  S.  2  11.  ('on)]>ar('  SnmIl'crL;"s  st.ittMuciit  as  to 
^iT..a..f  ..r..,.;..;t..f  ;..„  ,.r  ,.,.,..;..  i.,-  ..i,...i,..i  .....i  ,...t  i.,-  f. ,...;..  o..;.i    ..    -n'.: 
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of  exixaeting  the  salivary  gbuids  with  jrlyeerin,  precipitating  the 
riycerin  extract  witit  f^xcesH  of  aU'cihnl,  wuHhhig  with  Btrong  alcohol, 
and  then  extractiiij^  with  water. 

Effectn  of  rmrh'ott.  —  A  kiMiwledgo  ai  the  efleets  of  change  of 
reaction  un  the  aiiiv^»lytic  activity  of  ptyalin,  apait  fnna  its  intrinsic 
interest,  p»i?fte8ses  cniiHiilerahb'  impfntaai'e  from  thf;  hc^aring  it  has  on 
the  natural  prucefts  of  digt\s  tit  HI  nf  Bt<,ircli,  and  for  tlii.s  rciiHnn  proliahly 
the  subject  ha8  attracted  the  attciitiuu  uf  a  great  nunihcr  nf  workers.^ 
Ptrahn  is  secreted  in  an  alkaline  thnd.  the  saliva,  and  after  a  few 
teoondfi  admixture  with  the  food  |«issea  witli  it  into  the  stonuieh ;  here 
its  alkaline  reactiLUi  is  lessened  hy  ilie  gastric  secretion,  and  finally 
replaced  by  an  acid  reaction.  Tlio  animint  of  starch  changed  liy  the 
ptyalin  will  deftend  ivh  the  ellect  of  thiH  gradual  diminiitioo  in  alkalinity 
♦mils  activity,  and  if  the  activity  is  decreased  tiiendiy,  on  tiie  rate  at 
which  prtjgress  is  made  towanls  an  aciil  reac^tioiK 

It  was  formerly  sup{>LJsed  that  iitviilin  was  ordy  active  in  a  ilnid 
of  alkaline  reaction,  that  it  was  in  consefpience  only  active  during 
ihe  few  seconds  of  mastication,  wliih;  thr  Uhh]  remained  in  the 
mmjth,  and  was  instantly  destroyed  nn  cnioing  in  contact  with 
jpLstric  juice.  More  recent  oltscrvations  hav<\  liowcvcr,  sh<iwn  tliat 
the  imp»ortance  of  Siihva  as  a  digestive  iliiid  is  nuK^Ii  underrated  tiy 
sucfi  a  view. 

The  dinstatic  action  of  ptyalin  attains  a  maximum  when  the  reaction 
of  the  tluid  cruitaining  it  is  neutrjd,  or  even  faint h  acid,  provideti  the 
acidity  ift  due  to  acid  coniliined  witli  protciil.  Even  mere  traces  of /Vrr 
ici<h  howe%'er;  lessen  and  rapidly  destroy  its  activity.  Sodiinii  rarbonate 
mlded  U)  nentraliscd  Sidiva  decreases  its  activity,  iintl  in  greater 
(jiiautity  arrests  it:  here,  again,  prnteids  lU'enent  in  sidiitimi  play  a 
prutef*ting  fwirt,  and  Ity  condjining  with  tlie  alkali  pn^vent  its  iujnrious 
action  on  the  ferment.  A  solutiiui  <>f  ptyalin  free  of  ]>rotetd  would 
therefore  priibably  act  ))est  in  a  neutral  Ihdib  and  would  I  in  quickly 
destroyed  hy  eitluT  an  acid  or  Jilkaliue  reaidinn,  lUu*  tn  acid  nv  alknli 
niinmiljined  with  ju'oteid.- 

The  diaatatic  action  of  the  saliva,  therefiu'c,  continues  in  the  stoiuneh 
tluring  and  after  a  nieal  until  (1)  trhe  alkali  of  the  saliva  has  been 
neutralised,  (2)  the  proteid  ]>reseut  in  sohdion  has  lu'cn  satisfieil,  and 
(3)  a   trace  of   free   liydrochlHri<:   ariil   remains   in   t-xrcss.      iVccnnling 

IWdclWrp,  185S,  IW.  viii.  S.  22:  PawrltiUiik,  .-hrfK/.  Jnnf.  ft.  linj^wL,  Leipzig,  1S71, 
a^  364)  ;  FiaJiJ roaritHii,  Jfi A m"«A.  w,  d.  Fortsdw.  d.  T/ttrr-f'/HUi,,  \Virs>i,ii|i'ti,  1^71,  B"!.  i. 
8,  35;  Biilcke,  SitzjtjujuL  d,  k,  Akad,  d.  It'isituHt,,  W  i^n,  1^7:^,  M'tlj.  :i ;  Wntsoii, 
Tmns,  Chan.  Soc.,  Lomlou,  1879,  ]k  M*J  ;  <  liitlendtd  ami  (irisui-ld,  Jm.  CJtem.  Jtmni., 
Btltimore,  1881,  vol.  iii.  p,  30&  ;  Falk,  Jnhret^h.  u,  d.  Fm-tKfhr.  d.  ThitrVhrm,.  AV'irj^hndeij, 
1881,  Bd,  xi,  S.  444  ;  Laiiglej*,  Joun*.  rhffRioL,  Ciiinl*ni|^c'  ami  I.«fulnn.  IS.SO  2,  vol,  iii. 
p.  24<$:  Nyl/'H,  Jahrc<tk  u.  d,  Fort^hr,  d.  Thi*r-t'kym,,  Wi.  ,sl»ad- ti,  l«S'j,  hfi.  xii.  S. 
'ill  ;  CUittendfiTJ  mA  Ely,  Am.  Clum.  Journ.,  hahitnoir,  1SS2,  vn],  iv.  ;  Jfuint,  Phf/fiioi., 
CkmbriflKe  snd  Ijondou,  18S2,  vol,  iii.  ]k  327  ;  Dihutir,  ZtM'hr.  J\  phjisial.  Vhvm.^ 
Stiuiburg.  1882,  n<l.  vii.  S.  1  ;  I^n^'K-y  ami  Kvi'>,  Jfturu.  rhtm'oL,  t'aiiibHil^iCu  ami 
I^HkIoii,  1883,  vol,  iv.  p.  18;  CJiitteinh  tj  niui  Stnith,  fhrui.  .Vr/rx,  Lomloii,  ISHfi,  vol, 
Uiu;  Stwt  Lnh.  Physiol.  (Jhem.,  New  IlavLMr,  18Sr»,  vol  i.  p.  I  ;  JmImi,  i'eidrand.  f.  k/in. 
Mfd„^mn,  Bd,  xiL;  Schle^inger,  rijrhwi\H  Jrdtiv,  ist^l,  IM.  cxxv.  S.  1  HJ  ;  S<  hicThaeli, 
Skandm.  Arch.  /.  /%«W,,  LiipJiig,  18i>2,  Pxl.  iii,  S,  a  M  ;  Kf^strin  11,  .Sf;hnl/r,  Vitrhow^i 
Ardtiv,  1893.  M.  cxxxiv,  S,  47ii. 

'It  is  generally  holil  that  ptyalin  m  ts  l^rsl  Id  in  uOmI  soluHoii  nr  uilli  fi  FaiiU  a.md 
faction,  due  to  acid  coniblned  witli  protciil  ;  Imt  tlun^  nw  sli^lu  UillVnn'r'?*  (jfttpiuimi  ?is  to 
»h<?r«  the  exact  optiiunm  point  litis,  lor  whirh  the  oii^iiutl  papers  slnajM  ln^^nsnltnil, 
<»pcciAlly  tlicwe  by  Ijangh-y  and  hy  (.-hittt'iidpii  jiinl  tlnir  fo-Wf^rkiMs, 
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to  the  observatiol  :  van  d*  Yelilen  ^  there  m  no  free  h ydrochloric  add 
found  in  the  etoma<  h  nntilj  on  an  average,  three-qnarters  of  an  hoar 
after  a  carbohydrate  meal  iKiriufi:  thin  time  the  diastatic  action  of  the 
saliva  must  e^>ntinue,  and  prubably  thinner  must  of  the  interval  mote 
intensely  than  it  woidd  with  its  natural  redaction.  In  tbiB  atage  gastric 
juice  removed  by  ihi?  puinii  possepses  a  iliastatie  action  on  starch,  lint 
later,  when  free  acir^  is  present,  even  when  saliva  is  added  to  it,  has  i\u 
such  power.  After  ill  the  ]iroteid  present  in  solution  in  tbe  Btonmch 
has  been  coniJiinud  with  the  add  tirnt  secreted  in  the  gastric  juie^, 
and  still  more  acid  i^  secreted  whieb  reniaiiLs  free,  the  ptyalin  not  only 
becomes  inert,  but  Ib  ra])id]y  destroyed,  and  does  not  einne  into  actiou 
again  after  the  acid  nf  tlie  gaatric  jiuce  is  nentraliged  in  the  Bniall 
intestine.^ 

i'Vc^  organic  acide  a  *t  ^i    n  ptyalin  ;  the  e^>noLmtrat ion 

of  acid  required  is  gr  e  of  hydro<:'blorie  acid,  and 

varies  with  \Xm  ]>artif  ith  the  concentration  of  tlio 

ferment  in  the  sohrti*j  ptoUie  aaltg  possess  different 

actions;  some  diinim  its  mercuric  ebl(>ride,  which 

even  in  a  conecntratifj  sufficient  tit  stoj)  all  action  ; 

others  increase  it  wl  [uantity^  sucb  as  niagnesiuni 

sulphate  up  to  0025  i  ojjposile  ett'ect  in  gi'eater 

concentration.^     Carl:.  ui  iduce  nmeh  etlect,  digeation 

with  5  per  cent  m\\\i  m  18  being  required  to  destroy  the 

ferment.* 

Pepsin.— IVpain  is  vt^ry  widely  aiBtriluited  in  the  animal  kiug^lom; 
it  is  found  in  ibe  ;^astric  juice  i»f  all  vertebrates,  witli  the  possitde  excep- 
tion of  some  Ji-shes.^  In  tbe  frog  it  iw  fnund  chiedy  in  the  tcsfqjhagim* 
Jn  the  crayfisli  a  yellowish-briiwn  tluid  i^  fniMul  in  the  mouth,  of  strong 
acid  reaction,  wliicdi  digests  bbrin  readily  J  And  in  many  insects  an  iicid 
proteolytic  sr^eretinn  lias  Iieen  ol>served,  Similar  acid  proteolytic  secre- 
tions are  also  known  in  the  vegetable  kingdom,  such  as  those  which  may 
be  ol)tained  by  stiniidating  tlie  leiives  of  insoctiv<n"ous  jjlants.®  Whether 
these  acid  prntcnlytic  feruieuts  of  llie  inverteliratcs  and  plants  are 
identical  with  peprsiu  lo  nut  known  with  certainty,  but  they  are  very 
similar  in  their  action. 

Pepsin  is  found  in  the  stomach  of  the  herbivora  at  birth,  and  in 
some  other  animals,  including  man ;  in  others,  it  first  appears  two  or 
three  weeks  after  birth,  as  in  the  dog  and  cat.® 

The  (htl'erent  regions  of  the  stomach  do  not,  on  extraction,  yield 

'  Ztst'hr.f.  phyfiiol.  Chem.,  Strassburg,  1879,  Bd.  iii.  S.  205. 

-  See  Laii^'Nv,  .hum.  J'hyswL,  Canibiidge  and  London,  1882,  vol.  iii.  p.  246;  Nyl^n, 
Jahnsh.  u.  d.  Fortsdir.  d.  thierChem.,  AViesba^len,  1882,  Bd.  xii.  S.  241  ;  and  other 
authorities  (juoted  above.  Opposite  results  were  obtained  by  Cohnlieim,  Virchow's  Archiv, 
18t)3,  Bd.  xxviii.  8.  248  ;  Scliiff,  "  Leeons  sur  la  digestion,"  tome  i.  p.  162  ;  and  Diifresne, 
Coinpt.  raid.  Arojt.  d.  sr.,  Vavis,  1871^  tome  Ixxxix.  p.  1070. 

3  Xa-SL',  Arch./,  d.  (jts.  Physiol.,  Bonn,  1875;  Bd.  xi.  S.  138  ;  Chittenden  and  Painter, 
Stud.  Lab.  Physiol,  ^'hnn.,  New  Haven,  1885,  vol.  i.  p.  52. 

*»  lMu<c^'e,  Jrch.  f  d.  qcs.  PhijsioL,  Bonn,  1872,  Bd.  v.  S.  550. 

■'  Hanimar>ten,  '"  Lelirbueli  der  Phvsiol.  Cheni.,"  Wirsl)aden,  1805,  Aufl.  3,  S.  234. 

"  Swieci.-ki,  Jiilursh.  u.  d.  Fortschr.  d.  Thirr-Chon.,  Wiesbaden,  1876,  Bd.  vi.  S.  172, 

^  llopjie-Scyb'r,  //////.,  S.  170. 

^  Diirwin.  '*  Inseetivoious  I'lants"  ;  Goebeb  and  Loew,  Chrm.  CciUr.-Bl.y  Leipzig,  1893, 
Bd.  ii.  S.  10G5. 

^  Mori«:*,Ma.  Ihdcrsuch.  z.  Naturl.  d.  3fcnsch.  u.  d.  Thi^re,  1876,  Bd.  xi.  S.  455  ; 
Hanimarsten,  Beitr.  r.  Aiud,  u.  Physiol,  ah  Frstgnhc  C.  Lvdirig,  Leipzig,  1874,  S.  1H>  ; 
Zweifel,  "I'el'erd.  Verdaunn<^sapiiarat  der  Neugeborenen,''  Berlin,  1874. 


a 


PEPSIN.  331 

equal  amotmts  of  pepBin :  tho  j>yl<*ric  end  ahvavfl  oo&lidllB  much  less 
tban  the  fundus  or  tlie  winliac  end,  fmt  in  never  ([uite  devoid  of  pepsin. 
M  wa^  formerly  lield  by  firnne  ohserver^  that  the  pepsin  fomid  in  the 
pjlorie  end  was  (hie  to  intiUrati<m  by  tlie  Hecretinn  fr^ni  the  glands  of 
the  remainder  of  the  stonmeli,  but  the  weeretiim  ol(taine<l  fmni  jtylorie 
fistuhi!  eimtains  j>ej>vsiu  which  ean  oidy  i>e  secreted  by  tlie  glands  of  this 
legion  of  the  stomach,^ 

Mfftds  of  tefnjyerahtre, — Pepsin  in  neutrnl  scihiti**n  is  destroyed  by  a 
temperature  of  55°  C. ;  in  a  solution  containing  two  pjirts  j>er  thousand 
of  hydrochloric  acid  it  is  not  destroyed  at  this  tempera ture,  but  is 
destroyed  in  five  minutes  at  a  temperature  <tf  05""  C\  By  the  a*ldition 
of  peptones  or  certain  salts  it  is  so  ja'oteeted  tliat  it  is  only  rlestroyei 
in  an  equal  time  by  a  teniiwrature  of  00'  V}  Aecfudiiig  to  v.  Witticli,' 
the  maximum  rapidity  of  action  is  found  between  \\'\  and  fiO '  C,  and 
the  rapidity  of  destruction  by  etevatctl  teni|ierature  (as  in  the  case  of 
ptyalin)  is  dej>en(knt  on  the  am* unit  ui  dilution  of  the  ferment,  and  the 
duration  of  tlie  high  temj»eratiire.  The  more  rlilnte  the  pejjsiii  solution 
the  more  quickly  it  is  destroyed,  and  the  lower  the  limit  nf  teioiierature 
necessary.     Pepsin  is  still  faintly  active  at  0"  C* 

Effects  of  rmd ion, — IVpsin  is  only  active  in  acid  srdutiou;  the  most 
effective  acid  is  hydrochliuic  aeitl,  but  otfier  acids  are  also  (ui|iai>if*  of 
aettijig  it  in  action  in  varying  degree.  The  mrist  energetic  of  the  other 
acids  are  nitric,  lactic,  and  phosph(>ric,  follitwed  at  some  flistance  by 
sulphuric,  acetic,  oxahc,  and  tartaric  acids.  The  most  etrcctive  acids 
Beeni  als^i  to  be  those  whiefi  most  caHily  swell  u|i  iibriii,  Aeid  sodium 
phosphate  does  not  confer  activity  on  pep  win/* 

The  amount  of  acidity  required  fur  o|4iumm  af^livity  vjiries  greatly 
with  tlie  form  of  protcid  to  be  digested:  thvis  Jtriiekc'^  gives  for 
fresli  fibrin  08  per  cent,  but  for  heat-coagulated  tihriu  lli  l<»  dtJ  per 
e4;nt 

Stippimd  conr^mund  of  jyfjmn  a  if  J  Iff/iln>*'hh)rir  tjriiJ. — ^The  byfiotlieBis 
hag  been  put  forward,  tliat  the  |»ei»sHi  and  hydrr>e}dnrie  acid  in  gastric 
JTiice  are  united  to  form  a  Imrse  f^ompnuml  '' pepsin -bvthoeldnric 
acid." 

There  is  no  clear  evidence  in  favour  of  the  existence  (ff  sneli  a 
conipumd.  It  is  saifl  to  be  precipitated  from  gastric  juice  by  the 
soliifile  s;dts  of  lead  an<l  luereury,  and  la  be  rc-nbtninabb^  unaltered 
from  the  precipitate  by  <leciuij])esing  with  sulphuretti-d  liydrogen.  But 
it  is  certain  that  l^otb  the  acid  and  pepsin  would  be  tbin^^n  down  by 
such  salts,  and  there  is  no  reason  to  suii])ose  that  they  arc  in^t  tlirown 
duwn  sei^«irately  instead  of  as  a  com]>ound,  and  recovered  together  again 
on  decomposing  the  mixed  ]jrecipitatc.  A  second  argument,  that  the 
supposenl  compound  aeifl  ean  be  decomposed  by  strong  ucids  or  alksilies, 
and  that  the  pepsin  so  separated  davi^  not  again  Ikm omc  aelive  on  the 

*  Sec  Ebfltdn  and  Crlltzaer,  Jahresk  ih  fL  Fortsrhr,  d.  Tfiirr  f'hcm..  Win'slimiiij,  1872, 
Bd.  ii.  a  210;  1873,  Bd,  m.  S.  Iii9;  1874.  Bd.  iv.  S.  2'iil  :  \\UmvnsU-\\ii7,  ihiiL,  1875, 
Bd.  V.  a.  162;  Hddenham,  ibuL,  1S78,  Bd.  viii.  S.  24;".  ;  Kln^^  ihid.,  WH,  ltd.  xxiv. 
S,S34;  Ak^rmanti,  Skamhn.  Jrclt.  f.  Ph]mf4.,  Lftip/i^',  KSl^r>.  [id,  v.  S,  l:i4. 

'Biemaoki,  Ztnchr,  f,  Biol.,  MimVlien,' 18^2,  B"l.  xxviii.  »S.  41*, 

^Arrh.f,  d,  grn.  Fhtmof.,  Biiiin,  18»Jn;  Bd,  ii.  8.  l*):i;  1S70,  Bd.  iii.  S.  .*)3!>. 

^FUum^  Zi^hr,f.  BmL,  Myii.heo,  181**2,  Bd,  xsviii,  S.  A\iX 

*  Maly,  Hermano'rt  '*  HnnflEMtt  h,"  lid.  v.  (;J).S.  73, 

^Silsung^.  d.  k.  Alrad.  *L  irisftetnn-If.,  Witii,  lnyj,  Bd.  xxxvii.  S.  i;il  ;  IhiMimirMiiii 
gIVMfor  fibrin  0'8  to  1  ;  for  iiiyoj^in,  oriHtniij  and  vo^jeUble  pintpid.  1  ;  f«ir  lijirdd«uihd  |i]oi<  id. 
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addition  of  lijdi  laric  aciil,  beeauBe  the  crinip>uiid  is  not  re*foritie<I, 
meets  a  simple  ansv  er  in  the  statement  tliat  the  j>ei>Bin  \%  perniaiiently 
destroyed  bj^  the  sti  ;>ijg  acid  or  alkali  ui^ed.  A  E5tt"*>iig  nrgiiment  against 
any  such  coniiMnind  is  that  the  cdneeiitratioiiB  of  diflbreiit  atdds  ea lining 
equal  activity  in  pej^sin  are  not  projiortional  to  the  clieniical  eqiiivaleatii 
of  the  acids,  as  iiiigit  he  expected  if  t!ie  acids  entered  into  chemical 
combination  with  th  3  pepsin.^ 

Pepsin  i&  very  1  ipidly  destroyed  by  sfdutioBM  ivl  alkahoF^  or  alkaline 
salts.2  The  iniiieipil  eniiilitioiis  whioli  inliiienee  tlie  rate  of  deHtriietion 
of  pepsin  by  soiUuni  carbonate  are— the  ytren^dli  of  the  Sfdntion  of  tho 
alkaline  salt,  the  time  during  which  it  is  allowed  to  act,  the  tem|*eratiire 
of  the  mixture,  and  tiie  amount  of  proteid  present*  Tlie  mere  aet  of 
neutralising  an  at»id  ji  I  fstroy  a  considerable  part  of 

the  pepsin.     Wbeu  et]  \  ui       containiiig  pejiHin  antl  of  a 

1  per  cent,  s-ilutaon  of  well  mixed,  tlie  greater  part 

of  the  pepsin    is  de  nids;    in  a  neutralised   acid 

extract  of  the  gastt  of  a  ejit^  the  lunounl  tbiiB 

destroyed  may  f>c  jH  eiy  dilute  Sftdiuni  ejtrbonate 

(•005  per  cent.)  will  >  destruction  of  pejisin  in  one 

or  two  hours  Jit  the  ovided  proteids  are  pi'esent 

in  small  amount  onl;^ 

Proteids   lessen    L  1  >n   of    pepsin,   prolwibly    by 

combining  with  tlie  a.  11  alif^j  for  the  gi-eater  the  ainnimt 

of  so(Uum  carbr>nate  prejsen        e  ^r  nuist  be  the  amount  of  ptuteid 

to  lessen  appreciably  the  destruciion.  In  the  presence  of  *5  per  cent 
sodium  cmrbouatc,  less  than  *2o  jier  cent,  uf  peptone  has  very  little  ellC'Ct, 
and  even  2*5  |>cr  cent,  nf  peptone  does  m it  prevent  thegi^eater  |*urt  of  the 
pei)sin  from  bcinj^r  destriiyed.  Thui^,  in  the  presence  of  2"5  \\\iv  <'ent. 
pejitone,  sevou-cightlLS  of  the  pepsin  in  *in  extract  of  a  cat's  gaiitric 
UUIC0U8  meml)rane  may  be  destroyed  at  17°  C.  by  '5  per  cent,  sodium 
carl)onate  hi  sixty  seconds.  Pepsin  prepared  from  a  frog  is  less  rapidly 
destroyed  tlian  [)epsin  prepared  from  a  mammal.  Carbonic  acid  destroys 
pepsin  also,  but  less  rapidly  than  it  destroys  pepsinogen.^ 

Solutions  of  salts  of  the  heavy  metals  weaken  or  entirely  remove  the 
activity  of  pepsin  solutions,  according  to  the  amount  added.  This  effect 
is  pro])al)ly  due  to  the  enzyme  being  mechanically  carried  down  in  the 
usual  fashion  by  the  precii)itate  formed  between  heavy  metal  and  pro- 
teid.  The  neutral  salts  of  the  alkalies  and  alkaline  earths,  when  added 
(even  in  small  ([uantity)  to  solutions  of  pepsin,  decrease  the  activity. 
Thus  Al  Schmidt  ^  found  that  salt-free  proteid  dissolved  in  a  few  seconds 
in  salt-free  pepsin  solution,  but  on  the  addition  of  0-5-0*6  per  cent,  of 
sodium  cldorirle  the  time  of  solution  was  increased  three  to  ten  times. 
llydrobroniic  and  hydriodic  acids  hi  large  doses,  and  to  a  still  greater 
extent  thci r  ] » )tassium  salts,  delay  ])ei >tic  digestion.  Sulphurous  acid  stops 
])eptic  digestion,  ])ut  arsenious  and  hydrocyanic  acids,  except  in  large 
amounts,  have  little  effect.  Carbolic  acid  in  small  quantities  has  also 
little  effect,  but  acts  injuriously  in  greater  concentration.     Salicylic  acid 

n)avi(lson  ii.  Dictii.li,  Arch.  f.  Anal.  v.  PJn/siof.,  Leipzig,  1860,  S.  688;  Piitzcy.s 
Jalnrsb.  ii.  d.  Fortsr/ir.  d.  Thirr-Clicin.,  WieslKuleii,  1S77,  VA.  vii.  8.  279;  Ilahn,  Virchoics 
Arrhiv,  1S94,  Pxl.  <  xxxvii.  S.  .597. 

-  L.'in^'l.-y,  Jouni.  rhj/si»l.,  Canihvid^'e  ami  Lon.lon,  18S2,  vol.  iii.  pp.  253,  283  ; 
Laii;;loy  and  Ivlkiiis,  ibid.,  188<5,  vol.  vii.  ]>.  371. 

•'  (,»not('(l  fV.»m  Lan-^'lev  and  Edkiiis,  /oc.  cit. 

^  Jaho'sh.  it.  d.  Forf.^rhr.  d.  Thicr-fJhcm.,  AVicsl.a.hMi,  187(>,  Hil.  vi.  S.  23, 
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was  formerly  rretlittHl  with  a  pnwerful  dieckinj^f  action,  Imt,  as  shown 
hj  Kiihne,^  while  pjwerlful  in  prtn eating  the  ^.nowth  nf  Imcteria,  tliin 
m{\  ha«  no  appreciahle  action,  es]rtXMully  in  small  (^uHiitity,  on  the  im- 
oTganised  fermentR  Pepsin  is  nnitvli  more  i'U]>i(Uy  ileHtroyed  hy  Htiintling 
under  stroug  ah;ohol  than  are  the  other  enzymes. 

Anjlhing  wliieli  {a^events  swelling  of  the  proteid  hy  the  aeiil  retanln 
the  i*rL»grefia  of  jieptie  digestion,  liriicke-  states  that  fihrin  tied  tightly 
round  with  a  thread,  ^^  that  it  eainiot  he  ^w  easily  swidlen  hy  the  ueid, 
is  digeisted  much  more  shiwly.  Adihng  a  siitheient  anirand  of  neutral 
a&lt  also  ah:JW8  the  digestion,  pri»ljahly  fruni  ^l  similar  cauae,  tlie  Bidt 
preventing  the  iiohihilion  <d'  aeid  liy  the  lihrin.  Tlie  edinparative  slow- 
aess  of  ihgeKtion  of  heat-coagulated  ]U'otei<h  sueh  as  eoaguljited  white  of 
egg,  may  also  he  due  ti>  a  like  cause,  for  surh  a  form  of  proteid  does  not 
swell  up  with  aeid.  Finally,  stronger  acid  than  thi'  opliuium  strougth 
iii)€8  not  CAii«e  so  much  sweiling,  un<l  this  mny  in  part  lie  the  rua.snji  uf 
the  alawing  due  to  thin  euuse. 

Variation  in  rapidity  vntk  form  of  prointL — The  time  of  digestion 
by  pe}>sin  varies  enornnniHly  with  the  nature  and  c-undition  of  tlie  pro- 
teid to  be  digested  ;  eoagidated  white  of  y^]!,)::^  requires  ahnost  jih  many 
hours  as  unl»+^>iled  tihrin  does  minutes.  The  <"om|wirative  rate  uf  pephm- 
iMtion  of  coagulated  and  non-r nagulated  wlute  oi  egg  has  hern  nnadi 
uivestigated,  and  with  %^Hrying  results.  According  to  Waurinski,^  theae 
variations  are  due  to  want  of  uniformity  in  the  <'oneentration  of  arMfl 
employe<l  at*  a  digefiting  medium;  with  uiore  dilute  aeid  the  eoiigulated 
proteid  is  niueh  more  ipiiekly  digesteil,  hut  the  reverse  is  true  when  at  id 
of  greater  coneentnition  is  used. 

The  comparative  Hpeetl  of  jtepti<'  digestinn  t*f  ilillerent  kimls  cjf  pro- 
teid has,  because  of  its  praetieal  hearing,  hcmi  made  the  suhjei^t  of  nnn-h 
iove8tigation> 

Casein  is  the  most  easily  <hgested  of  all  forms  i)f  jaideid.  Fihrin  in 
much  more  ([uiekly  digested  than  coagulated  ogg-whitc,  tlmugh,  acct trying 
to  its  state  iif  aggregatinu  anil  time  uf  iMiiling,  the  latter  shows  a  (*on- 
fflderalde  variation.  In  general,  ]a*oteiils  uf  animal  luigin  are  mure 
easily  digested  tlian  those  rif  vegetidiles,  an<l  uf  \\\v  latter  legumin  is 
uioet  easily,  gluiin  most  didicultly,  digestihle/''  desseii '^  uhserved  thjit 
muscle  fibre  is  more  ra]iidly  dissolved  whi-n  r.iw  {\\m\  when  euagulated 
by  Ijoiling  or  roasting,  and  that  hoiled  milk  is  digesti^l  more  slowly  Ihan 
unboile<l.  lieef  appears  to  he  huth  niuie  easily  thssolvcd  and  pejitninsed 
tlian  tishJ 

The  eunclufiioD  might  not,  huwever,  tu  he  tuu  hastily  drawn  ihiit 
thi»se  forms  of  proteid  which  are  most  eiisily  dissolved  hy  gnstrit^  jut(  t- 
are  therefore  best  and  rmiHt  nutrititms;  gjistrie  juice  is  not  the  uidy 
froteolytic  tluid  which  uets  un  the  fuud.     if  the  fiMnl  has  been  jiruperly 

»  Vetitaindl.  d,  futiurh.'nuid.  Tcr.  zn  HeUi^fhrnf,  1H7<;,  X.  I'.,  B(l,  i.  8.  iMi. 

*  "Vorlesunjreii/^  Wkni.  ]«87,  Aufl.  1,  Th.  l/s.  V>V1. 

*Jahr^.  iL  d.  Ff/fUcJtr.  d.  Thu-rrhcm.,  Wi.-sbiuUii,  m^,  Hil.  lii.  S.  MZy, 

^  B4*9kje»  thoiie  quoted  b<'low,  hw  StiUzer,  if^v.  Ar.  f.  phu^no/,  Chrm.,  Stras^slmtf*,  18.S5, 
M.  if.  S.  212;  188e,  Bil  x,  H.  If^i;  ]8M7.  Iki.  xl  S*  207  ;  ISSS,  n^i.  xii.  S.  rl ;  Plt-ilfer, 
arid,,  \Sh7,  Bd.  x\.  8.  1;  Wolir,  LftndHriJufch,  Jnh,iK,  liiHO,  M,  xix.  S.  79r. ;  Habn, 
Vir(h»w'§  Arehiv,  1891,  Bd.  cx«xvii.  S.  697. 

»M»ly,  in  Herniann's  '*  Hamll.ii«h,"  Bd.  v.  (2)  8.  1\\ 

*ISt^r,/,  Bifii.,  Milnclicn,  1883,  B^l.  xix.  8.  1*^9.  Hcg  alan  HtTgRat,  ibid.,  1888,  ?1.1. 
txif,  a  1S9. 

^CHiittenden  iind  Cmnmin»,  Am.  tltrm.  Jimrrt.^  IkUiiiiore,  1884,  vo\,  vi.  No.  5; 
Po[>off,  Ztaehr, /.  physioL  Chem.,  Strassbnig,  1890,  Bd.  xxiv.  S.  624. 


334         CHEMISTR  V  OF  THE  DIGESTIVE  PROCESSES. 

masticated,  it  is  not  necessary  that  it  should  be  dissolved  before  leaving 
the  stomach.  It  does  not  follow  that  the  foods  which  are  more  rapidly 
dissolved  are  also  more  rapidly  peptonised,  nor,  indeed,  that  those  which 
are  more  rapidly  peptonised  are  also  more  thoroughly  utilised  by  the 
organism.^ 

Rennin.- — The  presence  of  a  milk-curdling  principle  in  the  stomach 
of  the  calf  has  been  known  for  ages,  but  it  is  only  within  recent  times 
that  it  has  been  shown  that  this  action  is  due  to  the  presence  of  a 
sohi])le  ferment  or  enzyme. 

This  enzyme  is  present  in  neutral  aqueous  infusions  of  the  mucous 
mem])rane  of  tlie  stomach  of  the  ciilf  and  sheep,  but  in  the  case  of  other 
mammalia,  of  ])irds  and  of  fishes,  the  zymogen  is  more  stable,  and  the 
active  enzyme  itself  is  only  set  free  on  treating  a  neutral  infusion  with 
acid.^ 

The  presence  of  rennin  in  the  stomachs  of  birds  and  fishes  is  very 
remarkable,  and  points  to  some  wider  function  of  the  enzyme,  at  present 
unknown  to  us,  since  it  cannot  be  supposed  that  in  such  animals  the 
ferment  plays  any  part  in  connection  with  the  clotting  of  milk.  Many 
l)lant  juices  also  contain  enzymes  which  coagulate  milk,  such  as  the  latter 
of  the  lig  tree,^  and  of  Carica  'pcfcvya,  and  the  flowers  of  many  cynaria. 
Milk^  is  also  coagulated  by  bacterial  action  with  the  development  of 
an  acid  reaction  due  to  lactic  acid  (in  the  souring  of  milk).  A  curdy 
precijiitate  somewhat  resembling  a  clot  is  caused  by  the  addition  of  acids 
to  milk,  which  led  to  the  erroneous  analogy  being  drawn,  that  the 
coagulation  of  milk  by  rennet  was  also  an  acid  action,  due  to  lactic  acid 
set  free  from  the  lactose  of  the  milk  ]>y  ferment  action. 

The  followinj^'  is  a  summary  of  the  proofs  that  milk  coagulation  is  not  an 
acid  action,  but  due  to  a  specific  enzyme  (rennin),  which  acts  on  a  proteid 
(cascino^'cn)  of  the  milk  : — 1.  When  a  neutral  solution  of  rennin  (rennet)  is 
added  to  alkaline  milk,  and  the  mixture  is  kept  at  38^-40°  C,  complete 
coa<,nilation  occurs  in  4-10  minutes,  and  in  f]\p  j)rorp}is  the  reaction  rej/minx 
nurliaiKjf'l.  '2.  Solutions  of  caseinoj^en  prepared  fnmi  milk  and  fre^^  from 
J(irfii:i(>  coai^ailalc  in  presence  of  calcium  salts,  on  the  addition  of  rennin. 
3.    Purifietl  solutions  of  rennin  have  no  action  whatever  on  lactose.*^* 

liciinin  is  always  ]>rcscnt  under  normal  conditions  in  human  gastric 
juice,  both  at  ])iilh  and  in  the  adult.'  The  distribution  of  the  enzyme 
and  its  zyniop'ii  in  the  gastric  mucous  membrane  is  snnilar  to  that  of 

'  S<'e  "  Al»s«iijttioii  of  I'roteids,"  ]).  441. 

-  TIh'  n.iiiit'  is  due  t(»  Shoridan  Lea  :  that  of  ohyino.sin  has  been  j)roj)osed  by  Dcschanip. 

•'  llaiiiinai>t<'i).  "  Lchrhiich  d.  physiol.  Cheni.,"'  Wiesbaden,  ISO;'),  AuH.  3,  S.  241. 

*  Til  is  alsd  fr»iitains  a  ]>roteolytie  ferment,  aetive  in  either  alkaline,  nentral,  or  acid 
rrartioji  r.a_uMn>ky,  Xf..srJn:  J.  jilnjslol.  Chc/n.,  Stras.sburg,  1SS"2,  Bd.  vii.  8.  "209  ;  Arch./. 
Aunt.  V.  I '},'>i^ ;„/.'.  Leipzi^^  188:^,  S.  270). 

^  For  till-  chriiii.^iry  of  milk,  se<'  p.  \'1:k 

'•  Th.-s.-  pi..ors  are  diu-  to  :  lieint/,  Journ./.  prakt.  <'}i' „i.,  Leipzig,',  187li,  N.  F.,  lid.  vi. 
S.  37  J  :  Ilamm  listen.  .hil,r>sh.  it.  ,1.  Fortsrhr.  <l.  Thirr-Chrm.,  AVirsbaden,  187-2,  Hd.  ii. 
S.  Us  ;  1^74.  VA.  \v.  S.  1  :'>.".  ;  lss7,  IVl.  vii.  S.  l.")8  :  "  Znr  I\einilni.s.s  des  (.'juseins  nnd  dcr 
Wirkiinu' dt  s  Lal.f.rmeiitcs/*  Tpsala,  ls77  ;  Al.  Schmidt.  Julirrsh.  it.  </.  Forfschr.  d.  Thi*r 
t'liriii.,  Wirs]ia«l<n.  l'^74.  VA.  \\\  S.  1.'>1.  Fkhii  the  fact  tliat  rennet  when  impure  acts  on 
larto.-e,  l»ut  not  aftrr  |uiiitication,  liammarst'-n  sn|)po>ed  that  ^'Jtstrie  juice  contained  a 
tliird  en/yiiie,  wliidi  a«'t'd  on  lactose,  forming  lactic  aci<l,  but  this  has  not  been  sub- 
stantiate.!. 

'  Zw.if.l,  CntniJU.f.  >L  mxl.  Jf'issrnsAi.,  B.rlin,  ls74,  Hd.  xii.  S.  931):  Ilammar.sten, 
Ii-  'ilr.  ■-.  Ana',  n.  I'/i'fslo/.  a/s  Ffs/tfihr  ('.  LxuUri-i,  L«Mi>/.ig,  ls7l  ;  SchumlKM'g,  J^irc/iotr\s 
Archir.  l^M.  lid.  xcvii.  S.  *200  :  lioas.  ('cntralb! ./.  d.  ,ncd.  WUsaisch.,  Berlin,  1887,  Bd. 
Y vv    >;    J  1  7 
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pefisin ;  that  is,  the  jiyloric*  jjari  furnislies  vc?ry  weak  extracis  compared 
With  th«:>se  yielded  Uy  tlie  fund  us.* 

Solutions  of  remiju,  fujniioonly  calletl  rennets,  may  l>e  prejmred  hy 
extraditing  the  luiu^nuH  iiienihrane  of  the  stumaeh  m  various  ways,  of 
which  the  following  18  a  sumnuiry  \- — 

1.  Eattraction  of  the  mucous  membrane  of  the  atomticli  of  the  culf  for  aome 
dftys  with  glycerin.  Purer  .sohitii>us  may  Ije  after\v'nrtls  ohtaiucd  l>y  prcci]a- 
latino  the  glycerin  extract  with  exf  t'ss  of  akoliol,  lill<?riii^%  und  treating,'  the 
precipitate  with  water. 

2.  Digesting  the  mueoui^  meuibniiic  of  tlu"  st'iuxjuli  for  twenty- four  hours 
at  atmofspheric  kemperaturo  with  wutf  r  containing  1  io  2  jiarUs  piu-  aiilh^  of 
hydrochloric  acid^  Altering,  and  neutrah^Hing. 

3.  Extracting  with  a  .^turatcnl  aqueous  solution  of  saliiylic  arid^  priMjipi- 
tating  by  excess  of  alcohol,  and  extracting  tho  precipitate  with  water. 

•I.  The  best  extrartive  for  making  permanent  )>re]>aratiims  is  solution  of 
Bodiam  chloride  of  from  5  tf>  15  per  eent.  roncentration,  putrefaction  being 
prerented  by  the  addition  of  alcf>hol,  thymol,  or  f^omo  j^uch  iunociiaus  pre- 

^tive. 


Effects  of  teiiqwr^aturc. — Keunin  is  quiekly  destroyed  in  neutral  st*lu- 
tion  hy  a  temperature  of  70  CI,  in  acid  stdution  liy  a  temperature  of 
63'°  C  The  tt*nijjerature  of  niaxinruni  activity  Hos  at  ^hS  to  40'  C  It 
alao  acts,  though  more  shwly,  at  alniu.^pberie  tenqieratiires. 

Aetwn  0/  tuids  mid  alkalifs, — Hennin  in  rapidly  destn^yed  l>y  eauwtie 
alkalies;  even  0^025  |>er  eent.  ot  eaustie  srala  sulTu-es,  ul  atnnis[iherie 
temijerature  in  twenty*four  hiuirs,  to  eoinpletely  destroy  a  very  aetive 
aolution.  Tlie  ainornit  of  ferment  so  destroy  t'd  Viiries  as  usual  with  the 
durtition  of  the  action,  the  tenijierature,  ami  the  ciuitentrfaion  *»f  the 
destructive  agent  In  their  hehavitKir  towards  alkaline  earb(uiate8 
rennin  and  its  zyinngen  closely  resemble  pepsin  and  pejnsinogen;  remiiu 
being  quickly  destroyed  by  O'o  to  10  per  eeiiL  of  fiodium  earbonate 
(NaXOj),  while  its  zymogen  is  much  less  readily  alllH^ted  thereby,- 

Bennio  IB  destroyed  by  stinnling  umler  al<^ohid,  but  thiseban^^e  occurs 
more  slowly  than  the  corresponding  one  in  t lie  rase  of  ] pepsin. 

Separation  of  pepsin  and  rennin.— For  the  prtqiaration  of  a  pepsin 

BolutioD  free  from  rennin,  a  gastric  extract  containing  both  en;4ymes  is 

submitted  to  digestion  in  03  per  cent,  bythia-bloric  acid  fur  forty-eight 

hours  at  ZS^  to  40°  C;  the  rennin  is  cnnipletcly  destroyed.    Ilanunarsten  ^* 

utilii^*s  Brlickes  prinei]i!e  of  nK^chantcal  precipitation,  ft>r  the  ]»rcpiU'atioh 

of  a  rennin  solution  free  from  pet^sin,  in  the  folhrwin^  nn-thod.     An  acid 

infusion  of  the  gtistrie  mucous  membrane  in  neutral isc* I  with  magnesium 

carbonate,  and  enough  neutral  acetide   nf   k-ad    is  aihlcd   tn  rumphivhf 

precipitate  all  tlie  pepsin  accnn)]»anicil  by  a  portion  of  ilic  rcimin.^    The 

filtrate  is  further  preeiiiitated  by  ni<ue  lead  acetate  aiilcil  by  amnioma, 

and  the  precipit^ite  ij^  sejiarated  ami  deeonipt>sed  hy  /rr// cbbitc*  sulpburii! 

sM'id,  Hcj  yielding  a  solution  of  rennin  almost  fret.'  from  pn^teiil     I'his 

Sf>lution    ia    then    furtlier    imrilicd    by    mecbanieal    prwi]|>itati<in    with 

cboloBterin. 

The  tinal  ]>roduet  so  obtained  jiroduced  no  eHcd  mi  a  tlock  of  fibrin 

'  H&mmAnteiir  loc.  ciL 

'  LMgley,  Joum.  Physiol.,  Canibridge  and  Lomloii,  laSO-li^  vol.  iii.  i*.  J87  ;  Boiks,  ZUckr. 
/  klU  Med,,  B^JTlin,  1888,  M.  xiv,  S.  2¥X 

*l0e.  eiL  *  A»  leited  by  ttic  inability  of  the  tlUiate  to  digest  fibriu. 
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in  tweiity-four  hours,  but  caused  coagulation  of  fresh  milk  of  neutral 
reaction  in  one  to  three  minutes. 

Sucli  a  sohition  of  purified  rennin  behaves  essentially  differently  in 
its  reactions  from  a  proteid  solution.  It  is  not  coagulated  by  heat, 
does  not  <^ive  the  xanthoproteic  reaction,  and  is  not  precipitated  by 
alcohol,  tannin,  iodhie,  or  neutral  acetate  of  lead;  it  is,  however,  pre- 
cipitated by  basic  acetate  of  lead. 

The  Pancreatic  Enzymes. 

The  i)ancreatic  juice  of  all  vertebrates  in  which  it  has  been  tested  ^ 
contains  three  (Hstinct  enzymes,  each  of  which  acts  on  a  different  class 
of  the  three  ^reat  divisions  of  foodstuffs.^  In  the  invertebrates  generally, 
tlie  plact'  of  tlie  pancreas  is  taken  by  the  so-called  liver,  hepato-})ancreas, 
or  digestive  gland.  This  usually  contains  enzymes,  capable  collectively 
of  attackin<^  all  three  classes  of  foodstuffs,  and  with  varying  reaction ; 
so  that  this  organ  may  be  consiilered  as  taking  the  place  of  the  combined 
digestive  glands  of  the  vertebrates.^ 

The  dill'er(Mit  enzymes  of  the  pancreas  do  not  ap])ear  equally  early  in 
life ;  tlie  pancreatic  diastase,  amj/lopsiii,  is  not  found  at  birth,  but  first 
ap])ears  a  niontli  or  more  afterwards.*  The  proteolytic  ferment,  trypsin, 
is  found  during  the  last  third  of  fcetal  life.^  No  similar  information  is 
on  record  regarding  the  fat-splitting  ferment,  steapsin. 

The  lelative  amounts  of  the  different  enzymes  in  |mncreatic  juice 
vaiy  considcM'ably.  In  passing  from  a  flesh  to  a  bread-and-milk  diet,  the 
in'oteolytic  activity  is  said  to  diminish  while  tlie  diastatic  tactivity  in- 
creases, and  rlcr  rcrsd  in  passing  from  a  carbohydrate  to  a  proteid 
diet.« 

In  addition  to  tlie  methrxls  ui  extraction  already  described  under 
general  niethnds,  the  pancreatic  enzymes  may  be  obtained  in  solution  l>y 
various  otlier  nictliods,  of  which  the  following  is  a  summary: — 

1.  liy  extrai'ting  with  water  saturated  with  chloroform;  such  an  extract 
kcf'ps  well  and  is  very  efficient.'' 

2.  \\y  extracting  with  water  containing  3  to  4  per  cent,  of  a  mixture  of 
2  ])arts  of  l>i)ra('ic  acid  and  1  ])art  of  horax.'^ 

3.  lly  placing  th(5  fresh  ^land,  finely  minced,  in  a  saturated  solution  of 
sodinni  cldnride.  This  gives  a  strong  solution  of  the  proteolytit;  and  diastatic 
enzymes.'' 

4.  \\y  extractinj^'  the  fresh  pancreas,  freed  from  fat  and  finely  minced, 
witli  ahout  four  times  its  weigjit  of  25  i)er  cent,  alcohol  for  four  or  five  days; 
succccclcd  ])y  filtration,  which  may  he  assisted  by  a  trace  of  acetic  a(nd.^^ 

^  Fur  a  r]it.iil<<l  a'fount  of  tlie  action  of  paiu  reati<-  extracts  in  (Hirorent  animals,  sec 
Harris  aii<l  Cdu,  Jmiru.  r/n/sirJ.,  Cainl)ri<l^'e  and  London.  ls(c_>,  vol.  xiii.  p.   100. 

-  A  milk  (ur'llin;:  tnzynie  is  ;il><i  }>rcsint  :  sec  Milk,  p.  127. 

••  Kl•uk<■nIM■^^^  "  ( irund/u^ifi- cint  r  viTglt-ichcnden  rhv.siolo;4iL'  tier  Verdauung,"  II<idfl- 
1mm-   l^^_^ 

'  Koiowiii.  .A/A,-s/>.  //.  f/.  Fnrl^r:  r.  ,1.  nin-rjum.,  Wicsl.a<lrn,  IsTa.  lid.  iii  ;  ZweitVl. 
"Unt'r>u<]i.  lU'li'i- dt-n  \'(idauunu'-a|']taiat  di-i- Ncugcixjn-nen,"  Px-rlin,  1874. 

•' All..il..ni.  J.,hr..J>.  a.  J.  Fnrf>,-.r.  'I.   T/iv  r-Ch^ai.,  Wirsl.adcn,  l.s7s,  lid.  viii.  S.  2.^.1. 

'■'  \'a-sili.\v.  .//•.•//.  fir  .-,r.  hioL,  St.  P.'lcrsliourL,',  iM'ii.  vol.  ii.  p.  219;  Jahrcsb.  ii.  r/. 
Fnrfs'-hr.  <l.   Tln'r-rj..  ,a.^  Wi.sl.,idrn,  l^i'^J,  lid.  xxiii.  S.  21H. 

'  K«»l'eil-,  •'  r.iniil'ian  L'/.-tur'  ^."  l^s'J  :   '*  I)i,L;«stioii  aii«l  I)i<'t/"  London,  18'Jl,  p.  L^. 

^  i;..i...ii...  A.-,  rj. 

•'  Politrts,  /"<•.  '•//.      Als.i  r('.-.iiiini."n<lt'd  1»v  Harris  and  (low,  Jtmni.  J'hifsio/.,  Cambridge 
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5*  A  very  active  proteolytic  extract  may  be  obtained  l>y  extracting  with 
water  containing  0  01  t^:>  0*05  per  cent  of  ammonia.  The  filtered  extract  gives 
a  precipitate  with  acetic  acid  which  digests  proteid  very  energetically,  and  can 
be  further  purified,* 

In  prej^iariiig  |mncreatic  extracts,  it  should  be  remembered  that  the 
gland  d*>ea  not  at  ull  periods  contain  the  same  amount  of  the  fermeiita, 
or  rather  their  zymogens,  but  that  tlie  amount  fluctuates  %vithin  wide 
limits  according  to  the  period  after  a  meal.  Tlie  ]iancn'ea.s  of  an  animal 
in  which  digestion  is  not  going  on  will  yield  little  or  no  fermentft ;  the 
beat  time  is  fi'om  four  to  seven  hours  after  a  meaL  An  inactive  prejmra- 
tioii  may  often  he  cured  by  making  the  extract  faintly  aeiil  with  acetic 
aci<l  some  time  before  using;  this  sets  free  ferment  whicli  iimy  be]  present 
as  z>niiogen  in  the  extraet. 

Trypsin.^'— Til e  proteolytic  enzyme  of  the  iiancreatie  juice  in  the 
purest  form  in  which  Klihne  obtained  it,  gave  all  the  ]>rf>teid  reactions^ 
thus  diffeiing  from  all  the  other  purer  forms  of  en;iyme  hitherto  described. 
Kuhne*8  product  is  ilecomposed  on  hoi  ling,  yielding  20  \ii*r  vent  of 
albumin  and  80  jier  cent,  of  peptone;  it  is  suhdde  in  water,  but  ins*ihible 
in  anhydrous  alcohol  or  glycerin.  The  insoluhility  of  tlie  jiuritied  dry 
prt>*luct  in  anhydrous  glycerin  accortis  with  v.  Wittich's^  ob.se rvations, 
that  both  enzymes  can  be  extractetl  from  the  /resh  ghmd  by  glycerin ; 
but  if  the  gland  mass  be  |>re\donHly  thorcuighly  dried  by  extraction  witli 
alcohol,  glycerin  only  takes  out  the  diastatic  enzyme,  the  proteidytie 
one  being  left  behind. 

Inflmnm  of  ieniperatmr.' — The  activity  of  trypsin  increases,  accord- 
ing to  Koberts  *  with  rising  temperature  until  OO""  C.  is  reaclied,  and 
then  rapidly  falls,  all  action  ceasing  between  75'  C.  and  80'  C. ; 
Biernacki^  states  that  purified  tr}7isin  in  0'25  to  Oo  per  cent,  sodium 
carl>i>na,te  s«dution  is  destroyed  in  five  minutes  by  a  temperature  of 
50*"  Cand  in  neutral  solution  by  a  teniperature  of  45'  C.  The  ]>re,sence 
of  albumoses  or  of  certain  ammonium  salts  jjrotects  against  the  action 
of  elevateil  temperature  in  alkaline  solution* 

Injlmm€  of  reacHan,^-K\ihne^  made  the  observation  tliat  the  activity 
of  trypsin  was  permanently  destroyed  by  digeating  its  solutions  with 
pejisin  and  hydrochloric  acid,  and  attributed  the  greater  share  in  this 
action  to  the  pepsim  Boaa^  afterwards  sliowed  that  the  destruetiiui 
might  be  due  to  acid  action  alone,  by  demonstrating  that  addition  of 
hydrochloric  aci<l  to  the  filtered  intestinal  contents  causes  a  |vrecipitate 
containing  nearly  all  the  ferments.  This  ]>recipitate.  on  standing  for  a 
few  hours  under  the  acid,  became  inert,  but,  wdien  quickly  separated  and 
redissolved  in  sodium  carbonate,  show^ed  both  diastatic  and  protctdytic 
action.     The  matter  has  recently  been  again  tested   by  Mclzer,^  w!io 

1  Hunmarsten,  *'  Lehrbach,"  Wiesbaden,  1895,  Aull.  3,  8.  2^Tf. 

'80  named  by  Killine,  VerhandL  iL  wjturft^-riu'f,  Vcr.  zu.  I/tidrJbfrtr,  IS/^,  N.  F., 
Bd.  i  S.  190.  Danilowski  (Jlrdtow's  Ardi\i\  1862,  Hd,  xxv.  S*  271»)  Imd  previously  to  this 
olttaitied  a  product  which  failed  to  givfi  many  of  the  usinil  proteid  retu-tiona, 

'  Aveh,  /.  of.  !7«.f.  Fkpsiol.,  Bonn,  1869,  Bd.  ii,  S.  IPS  ;  Hufmi'  (JnhrMk  iL  d.  F*}itid,r. 
d.  Thier-CTmn.^  Wieshadeti,  1872,  Bd,  ii.  8,  3t)0)  failed  to  oliUin  a  similar  rcstdt,  prohaMy 
ttkrofOfcli  tuing  glycerin  containing  water. 

*?roc  JZoy.  Soe.  Lcmd^t,  1S81,  vol.  xxxii.  p.  IfiS. 

•  ZUchr,/,  Biol..  Maneben,  1S91,  lid,  xxviii,  S.  51. 

■  Ferkand/.  d,  naiurh^-ni^d.  Vtr.  zn  mkklf^erg,  lS7t>,  N.  V.,  lid,  i.  S.  19:1. 
^  Ztaehr,/.  klin.  Med,,  BcrUn,  1890,  Bd.  xvii.  S.  170. 

■  Inaa^.  Dias.,  Erlangen,  1S9-1 ;  Melzer'H  firjjnres  show  that  nio^t  of  tb^-  distnif^lion  is  due 
to  mi  alone. 

VOL,  I. — 2  2 
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finds  that  hydrochloric  acid  alone  does  destroy  trypsin,  but  not  so 
rapidly  as  when  pepsin  is  also  present. 

All  possible  opinions  have  been  held  by  various  observers  as  to  the 
reaction  with  which  trypsin  acts,  and  acts  best ;  ^  it  is  now  generally 
accepted  that  it  can  act  either  in  an  alkaline,  neutral,  or  very  faintly 
acid  solution,  but  that  the  optimum  reaction  is  that  given  by  about  1 
per  cent,  sodium  carbonate  (Na.2Co3).^ 

Active  ])roteolysis  by  trypsin  cannot  take  place  in  presence  of  an 
acid  reaction,  except  the  acid  be  combined  with  proteid.  If  the  proteid 
be  completely  saturated  with  acid,  the  rate  is  greatly  slackened  even 
when  there  is  no  free  acid  in  the  solution ;  and  if  much  proteid  be 
present,  the  ferment  action  may  be  abolished  even  before  this  stage  is 
reached.^ 

Heidenhain  *  states  that  the  concentration  of  sodium  carbonate 
necessary  to  ensure  maximum  activity  varies  with  the  richness  in 
ferment  of  the  solution  experimented  upon ;  the  richer  in  ferment,  the 
lower  the  percentage  of  sodium  carbonate  necessary  for  maximum 
action. 

Other  alkaline  carbonates  are  much  less  effective  than  sodium 
carbonate  in  increasing  the  activity  of  trypsin.  The  action  is  also  said 
to  be  assisted,  but  to  a  still  less  degree,  by  other  salts  of  the  alkalies.^ 

Organic  acids  have  not  nearly  so  destructive  an  action  as  hydro- 
chloric acids,  arsenious  acid  has  no  hindering  effect,  and  salicylic  acid 
only  when  in  saturated  solution.^ 

The  nature  of  the  ])roteid  submitted  to  digestion  by  trypsin  has 
also  a  profound  effect  upon  the  rapidity  of  the  process.  Fresh  unboiled 
fibrhi  is  so  cjuickly  dissolved  that  it  cannot  be  used  as  a  comparative 
test  for  tryi)sin,  and  fibrin  which  has  been  boiled,  or  discs  of  hard-boiled 
white  of  01,'^%  nuist  be  substituted  for  it. 

Amylopsin.  -An  active  amylolytic  extract  of  pancreas  can  best  be 
pre])arc(l  by  following  Koberts'  method  of  extracting  with  dilute  alcohol. 

rancreatic  juice  is  much  more  int(?nsely  diastatic  than  saliva,  but 
it  c.'innot  be  dctcrniined,  until  s(nne  method  for  isolating  the  diastiises 
lias  b(^cn  discovcniMl,  wliotlier  this  is  due  to  a  ditlerence  in  the  amylolytic 
ferments  ])i'(;s('nl  or  to  a  mere  difference  in  concentration.  It  is  certain, 
however,  tlial  salivary,  ])ancrealic,  and  malt  diastases  are  ])racticiilly 
identical  in  the  ([ualitative  (character  of  their  action  on  starch.     Koberts 

^  S.'«:  ('oivi.>art,  "Collection  de  mt'iiutircs  sur  uiie  fiin(;lioii  pou  coiiiiue  dii  jMincreas,  la 
di^istioii  «l('s  aliiiit'iits  azoti's,"  Paris,  isr»7-  S,  p.  11  ;  Meissiicr,  Zlschr.  f.  rat.  Med.,  1850, 
3  Rrihc,  I'wl.  vii.  S.  17  ;  Kiilmo,  J%:rhun<U.  d.  imturh.-inrd.  Vrr.  zu  Ifdddherg,  N.  F., 
Bd.  i.  8.  VA)  ■  Daiiilcwski,  Virdioir's  Archiv,  1802,  Hd.  xxv.  S.  291  ;  May,  UnUrsuch.  a.  d. 
j)hi/<'"l.  In^t.  //.  I'niv.  Uruldhcnu  IHvSO,  Hd.  iii.  S.  378  ;  Lindl)erg<T,  Jahirsh.  ii.  d.  Fortschr. 
>L'  Thl'-r-CJi'  ni.,  Wirsl.adrii.  1S83,  Bd.  xiii.  S.  280;  Kwald,  Zt^chr.  f.  kUn.  MrJ.,  Berlin, 
ISSO,  |;d.  i.  S.  »;i:.  ;  Lan^l^v,  Jonm.  I'hijsloL,  ('anil)ridgo  and  Lon<lon,  1S80-2,  vol.  iii. 
p.  2.:2. 

-'  W.i^s  rirrlnnr's  Arr},i,\  1S7«),  Bd.  l.wiii.  S.  113:  ^Icl/er.  Inau^,'.  Diss.,  Erlang.-n, 
ISl^l.  A'l-DidinLC  to  tlu-  litter  author,  a  «li,L^e>tion  wliieji  is  e(»iii]»letc*  in  two  and  a  half 
liour-<  with  1  jMicriit.  N.i.,''0,  is  inconijilete  in  twentv-loiir  hours  with  either  3  per  tM'iit. 
Xa. ,('..,  or  D-olO  p.  r  ceiit.'nr  IICl. 

•'  Chitt.nd.n  and  (\ninnins,  Shnl.  Ln}>.  ]']iy<iinj,  ('/,n>K,  New  Haven.  ]8>r.,  vol.  i.  \k  100. 

■'  H.iiii.inn"-  "  ilaudluicli."  JM.  v.  (I  .  S.'],s7. 

^  Pod<)lin>ki,  "  ll'irr.  /.  Ktiintnis>  do  pankieatis<-ho  ICiwcissftTnientes,''  Broslaii,  lvS76, 
S.  4"'».  S.<-  aN«»  ('hitt(iid<n  and  (.'uniinins.  /oc.  rii.,  who  found  that  Imrax  and  ])otii.'<!>iuni 
cyanide  .niLrniejit.  whih-  salts  of  nicj-.-urv  and  iron  d<'crc.ise.  the  activity. 

'•  Lindher-cr,  .hihr<sh.  it.  ,1.  Fnr'.s'rhr.  d.  Th!>  r-Cln  „,..  Wieshad'en.  1^\«>3,  Bd.  xiii. 
S.  2^<i  :  S.-hiifci- u.  i'x.lnii,  I'u-I.,  '['^rl.  VA.  ii.  S.  :M3  :  Kuhiie.  I'rrhandl.  d.  naturh.-iifd. 
r.  .■    ' .,  II.  :.L-u..  .:.    V     V     i'.,i    ;     s:    i<.n 
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states  that  pancreatic  diastase  is  capable  of  converting  40,000  times 
its  weight  of  starch  into  maltose  and  dextrin;  Kroger,  that  1  grm.  of 
pancrefttic  juice,  containing  0021  grni.  of  dry  solid,  of  which  in  turn 
only  a  small  fraction  could  be  auiylopyin,  digested  lu  balf  an  hour  4*67 
grma.  of  starch. 

Injtufnte  of  fcmpfmiimr. — The  rate  of  con  version  increases  with 
rising  temperature  fi'oni  0"  C.  t<i  :>0'  U.;  from  ^'^0'  C.  to  45'  C.  the  rate 
is  at  a  maximum  and  practically  constant.  Above  45"'  C.  the  action 
liecomes  slower  with  rising  temperature,  and  eeasen  between  tiO"  C.  and 
70""  C,  the  ferment  being  here  destroyed.* 

Influence  of  r<?^c//oH.— ^rancreatic  diastase  closely  resembles  salivary 
diastase  in  its  behavitmr  to  change  in  reaction  of  the  lueditnu  in  wliich 
it  is  dissolved.  It  seems  to  act  best  when  neutralised  or  in  presence 
of  fninuU  traces  of  acid ;  but  a  limit  of  acidity  is  soon  readied  beyond 
whicb  the  rapidity  of  action  ra{>idly  diminishes,  and  the  enzyme  itself 
is  quickly  destroyed.*  The  optininm  uctivity,  according  to  ilelzers 
measurements,  coincides  %viUi  the  presence  of  001  per  cent  of  hydro- 
cUoric  acid. 

Pialyn.— Very  little  is  known  (jf  the  fat-splitting  enzyme,  pialyn,  of 
the  pancreatic  jnice.  That  the  action  is  due  to  an  en^^yme  is  sliown 
by  the  fulluwing  experimental  ohservati*ms : — {a)  The  action  is  de- 
stroyed when  the  pancreatic  jnicc  wv  active  pancreatic  extracts  are 
boiled;  (//)  it  takes  place  in  presence  uf  antiseptics,  and  hence  c4innot 
be  due  to  bacteria.* 

The  enzyme  is  much  less  staldt^  than  cither  (»f  tlic  uther  two 
associated  with  it  in  i>ancrcatic  juice.  It  is  es|je(  ially  susccidible  to 
the  action  of  acids,  being  quickly  destroy etl  l^y  all  except  the  higher 
fatty  acids.  sr>  tlrnt  great  care  to  avoid  acidity  of  solutimi  nuist  be 
exercisetl  in  the  preparation  nf  it  frnm  the  pancreas,  Pasclmtin  * 
recommends  for  its  extraction  a  dihde  sobition  cjf  sodium  carbonate 
and  hic^irbonate  in  water,  and  Grutzner''  that  it  sliould  be  extracted 
from  the  perfectly  fresh  pancreas  witli  a  suluiifui  contaiidng  00  c.e  of 
glycerin  to  10  c.e.  of  1  j*er  cent,  soiliuuj  carbonate,  ten  times  the  weight 
of  gland  to  be  extracted  heing  taken  of  this  fhnd.  However  extracted, 
U  tnuM  he  taJ^'cn  from  afresh  f/faml  ami  notfi'om  one  irhirh  ha  a  stood  otrr 
a  rfoy,  as  in  the  ca.^.  of  the  other  two  enzj/me.'i,  for  therelty  an  acid  reaction 
would  be  developed,  and  as  a  consequence  the  fat-s|>litting  enzyme  would 
l>e  destroyed. 

The  rapidity  of  action  of  the  enzyme  is  at  first  increjised  by  rising 
temperature.  It  acts  almost  twice  us  fa.st  at  o^"  (J.  as  at  18"  C,  l>ut  it 
is  destroyed  by  boiling;  the  temperature  of  rlestruction  is  not  accurately 
known. 

Ft  acts  more  slowly  in  the  IJ^^scnce  uf  025  per  ecut.  nf  sodiuni 
earbonate  than  in  neutral  solution. 

Its  activity  is  greatly  uicreased  liy  tlie  presence  of  bile,  still  more 
by  a  mixture  of  Irile  and  hydrochloric  ami;  this  increase  in  activity  is 
due  to  the  bile  splits  or  bile  acids,  which  have  n.  sinnlar  cOeeb.  The 
rapidity  of  action  of  the  enzyme  is  usually  much  underrated,  and  it 

'  RolnTta,  '' Digestion  and  Diet,"  LniKlon,  18tU,  \k  71  ;  /Vor,  lum.  Nrr.  Lirtuhm,  ISSl^ 
ruL  xxxii  \K  145. 

^  Metier,  Itmug.  Dish.,  Krlftiigt>ii,  1S!U. 

'  Nencki,  Arch,/,  fxp*r.  Path.  u.  FharmnkvL,  L- ip^ig,  l>^Sa,  UA.  xx%  S.  367. 

*  Atth.f,  Aimi.  it.  liitmoL,  Ldpzifj,  1S73,  8,  38(k 

»  Afrh.I  d.  ges,  Phtj/tiol.,  litmu,  1876,  Bel.  xii.  S.  302. 
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is  probable  tbat  it  is  capable  of  splitting  up  all  the  fat  of  a  full  meal 
in  the  ordinary  time  of  digestion  within  the  body.^ 

Pialyn  acts  on  other  esters  than  the  neutral  fats  causing  a  similar 
saponification.- 

Separation  of  the  pancreatic  enzymes.— There  has,  strictly  speak- 
ing, been  no  complete  isolation  of  the  pancreatic  enzymes  obtained  by 
the  various  workers  on  the  subject.  Partial  success  has  been  so  far 
obtained,  in  that  methods  have  been  invented  which  yield  solutions 
much  richer  in  one  of  the  two  principal  enzymes  than  in  the  other. 

Danilewski  '^  was  the  first  to  tackle  this  difficult  task,  under  the  direction 
of  Kijhne.  He  found  that,  after  shaking  up  a  watery  infusion  of  the 
pancreas  of  the  dog  with  excess  of  magnesia,  and  filtering,  there  remained  an 
infusion  which  possessed  only  a  proteolytic  and  diastatic  action. 

This  sohition  was  mixed  up  with  one  quarter  of  its  volume  of  thick  collodion 
solution  (in  alcohol  and  ether),  and  thoroughly  shaken.  The  collodion  is 
thrown  out  of  solution  as  a  pasty  mass,  which  mechanically  carries  with  it 
the  i)roteolytic  ferment,  while  the  diastatic  ferment  remains  in  solution. 
The  collodion  is  removed,  washed,  and  dissolved  in  a  mixture  of  alcohol  and 
ether.  This  solution  is  allowed  to  stand  for  some  days,  when  the  proteolytic 
ferment  with  a  little  proteid  falls  to  the  bottom  as  a  yellow  sediment.  This 
sediment,  when  dissolved  again  in  water,  digests  fibrin  in  alkaline  or  neutral, 
not  in  acid  s<»lution.  The  filtrate  from  the  collodion,  which  contains  the 
diastatic  enzyme,  is  evaporated  down  in  vacuo,  and  filtered  from  anything 
which  precipitates  out.  The  filtrate  is  precipitated  by  excess  of  absolute 
alcohol,  extracted  by  a  mixture  of  2  parts  water  to  1  part  alcohol,  and 
dried  in  varuo.  The  solution  so  obtained  rapidly  converted  starch  into 
sugar,  and  only  possessed  a  very  feeble  action  on  fibrin.  Lossnitzer  *  lia.s 
repeated  these  experiments,  and  only  partially  confirms  them.  Neither  of 
the  two  products  ohUiined  by  Danilewski  gave  the  xanthoproteic,  or  Millon's 
reactions. 

Cohnheim  ^  obtained  the  diastatic  enzyme  from  an  infusion  of  pancreas,  by 
a  method  identical  with  that  by  which  he  obtiiined  ptyalin.*^  This  substance 
posscss(Ml  no  ])roteolytic  action,  did  not  give  the  proteid  reactions,  but  acted 
very  cnerj^'ctieally  on  starch. 

V.  Wittich  ''  made  use  of  the  insolulnlity  of  trypsin  in  dry  glycerin  to 
obtain  an  extract  rich  in  diastatic  ferment  and  free  from  proteolytic  action. 
The  paiicri'us  is  dehydrated  in  strong  alcohol,  and  further  allowed  to  stand 
under  absolute  alcohol  for  some  time  ;  the  tissue  is  then  dried  ami  extracted 
witli  dry  glycerin  ;  the  extract  after  filtration  is  precipitiited  by  excess  of 
alcohol,  and  the  precipit-ate  is  again  extracted  with  dry  glycerin.  In  this 
manner  v.  Wittieli  nl)tained  an  extract  which  did  not  act  on  fibrin  and  had 
an  intense  action  on  st^irch.  Iliifner  got  an  extract,  on  repeating  the  process, 
whif'li  also  contained  trypsin  ;  but  as  Iviihne  states  that  trypsin  is  not  soluble 
in  glycerin,  lliifn<M''s  results  may  be  due  to  water  in  the  glycerin  em- 
ployed. 

Pasclmlin^    attcmptecl    to    separate    the    pancreatic  enzymes  ])y  using  as 

'  All  tJHM'  n]-^(iv;itioii>  on  tliL'  r;ii.i<li(y  f»r  a'fioii  of  tliis  nizynio.  and  its  variations, 
have  liccii  Hi.t'lr  l'\'  llai'li fr .1  <] .  Jonni.  J 'Jt ','^1"/ ■ ,  ( 'aiii l)ri(l;::c  an<l  Londc^n.  ]<Sl*l,  vol.  xii. 
p.  7± 

-  r..illi.  :.4.  .l,ni.  >/.  r/nni..  Paris,  IST^,  tonic  xli.  ]..  27'J  ;  Ncncki,  Jir/i.  /.  e.rper.  Path. 
H.  I'hariiif'liJ.,  L.i|./i;;.  isxi,  lid.  w.  S.  'M'u  ;  liaa^,  /fschr.  f.  ])/i)/sicL  Ch'iit.,  Stras.sl.ui>,', 
1S1<0,  P,d.  \iv.  S.    lit;. 
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citrartives  concentrat43d  solutions  of  ditt'erent  salts.  He  found  that  some  salt 
BoiutioDs  extracted  all  three  fermenti^,  while  others  e^iiccially  extraeted  otie 
ferment  accompanied  by  traces  of  the  otliers.  Thus  sodium  chloride,  sodium 
sulphate^  and  potassium  chlorate  extracted  all  three  ferments  indiirereiitly ; 
sodium  bioirlxtnate,  with  a  little  of  the  nf*rnml  earVmnate  added,  extractcil  best 
Ihe   ftt-splitting   ferment;  the   proteolytic   ferment    was    taken    np   best   by 

ium    ioiUde,    arsenite,    or    sulphite ;    and    the    diastatic    ferment   by 

iuiD  arsenate  alone  or  with  the  addition  of  ammonia* 
Dartre  *  has  recently  de8<;ribed  methods  for  approximately  separating  thia 
pttiteolytic  and  diastiitic  enzymes  of  the  pancreas. 

1.  If  the  pancreas  of  an  animal  kilh  il  dnriui;  digestion  be  cut  into  large 
pieces,  and  these  then  digested  fi>r  15-20  minutes  at  40^  C,  in  normal  valine 
(^  p»  cent),  the  filtrate  is  found  to  possess  a  .strong  dia.^tutic  action,  but 
Bcarcely  any  pnjt«olytic  action.  If,  after  this  hrst  extraction,  the  pieces  are 
finely  minced  and  extracted  anew  with  normal  valine  (1  per  cent,  of  sudiuni 
tluoride  being  added  to  jirevent  putrefaction)^  an  extract  is  obtaiiuHl  rich 
in  pri>teolytic  ferment,  but  containing  scarcely  any  diastase. 

2.  Oo  extracting  a  fresh  gland  with  alcohol  uf  increasing  strength,  after- 
wmrds  with  ether,  and  drying  over  sulphuric  acid,  a  powder  is  obtained 
which  yields,  on  extraction  with  saline,  a  fluid  wliich  is  almost  inert  towards 
itarch,  but  is  actively  proteolytic, 

3.  An  extract  made  from  the  i>ancreas  of  an  animal  which  has  not  been  fed 
for  some  dajs,  cuntains  proteolytic  ferment  but  Iifis  scarcely  any  diastatic  action. 


The  Intestinal  Enzymes. 

Practically  nothing  is  known  of  the  enzymes  of  the  mjiall  intestine 
Bive  their  action  on  foodstuffs;  none  of  theru  liave  bcM^i  olitaineil  in 
even  approximately  pure  condition,  and  the  fact  thai  Ihtire  are  enzymes 
rest6  on  the  observations — (1)  that  the  at^tion  is  de.stroyed  by  lioiling, 
and  (2)  that  it  takes  place  nnder  antise[itic  conditions.  Until  the 
importfince  of  this  latter  condition  was  demonstrated  by  the  work  of 
Ktihne  on  pancreatic  digestion,  there  was  much  diflerence  of  fipinion 
as  to  wbetber  the  auccus  cnterieus  cuntained  a  prtjteolytic  enzyme 
or  not:  some  observers  had  ol>served  dij^estinn  of  pruteids  by  this 
fluid,  and  others  had  been  unable  to  do  so.  At  length  it  was  shown 
bv  Masloff *  and  by  Wenz  *  that  when  precautions  are  takc^i  to 
prevent  bacterial  growth,  the  suceus  entericus  f>r  extrai  is  <>f  the 
intestinal  mucous  memluanes  have  no  actinti  on  proteids  kw  on 
albumoses. 

With  regard  to  the  action  of  sxiccus  entericus  on  rnrlndiyihates,  the 
more  recent  work  on  the  subject  all  rrncs  to  show  tfiat  sturch  is  eon- 
verted  into  raaltose,  maltose  into  dextrose,  and  citne-su;^ar  into  dextrose 
and  la?vulose,  both  bj  the  suceus  entericus  ami  l>y  extracts  of  the 
intesitinal  nincous  nieml>rane. 

The  suceus  entericus  contains  no  enzyme  whic]i  acts  on  neutral  fats. 
The  power  of  emulsifying  fat«,  which  was  occasionally  o)t.serveiI  by  the 
earlier  workers  on  the  subject,  was  doulttless  due  to  the  alkalinity  uf  the 

'  CompL  rend*  80c.  de.  bioL^  Paris,  ]8l>3,  tuiiit^  x]\\  y.  HA^  ;  Jreh.  tk  phy^iol  mnn,  etpalh.^ 
Paris,  1893,  tome  xxv.  p.  774. 

^UnUrsMch,  a.  tL  physioL  Insi.  d.  Ihtir.  fhuklUr^j,  1882,  BJ.  ii.  S.  !i20.  Maaloflf 
found  vxry  tlufht  aetifm  of  the  juice  ichai  ftcolifird,  pvobahlv  tlue  to  infiltTated  pepsin, 

^ZUehr.f.  BioL,  Mmiclieii,  1S86,  B-h  xxiL  8.  1,  fliis  ivsiilt  is  ^>m(uiiird  by  the 
oliaenratiozis  of  Tubby  and  ManDiiig  on  human  sticciis  imtmeaH,  Guys  Uvxjk  Jkp.t  hondon, 
1891,  YoL  xMii.  p.  277. 
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fluid,  aided  by  the  presence  of  free  fatty  acid  in  the  fat  used  for  the 
experiments.^ 

Paschutin^  attempted  by  two  different  methods  to  separate  the 
diastatic  and  inverting  ferments: — 

1.  An  infusion  of  the  intestinal  mucous  membrane  was  made  by  nibbing 
it  uj)  with  water  and  powdered  glass,  and  filtering.  When  this  infusion  was 
mixed  witli  a  solution  of  collodion,  the  precipitated  collodion  brought  down 
most  of  the  inverting  enzyme,  and  most  of  the  diastatic  enzyme  was  left  in 
solution,  but  only  a  partial  separation  could  be  effected  in  this  manner. 

2.  The  mucous  coat  of  a  piece  of  intestine  was  freed  from  the  other  coats, 
and  then  water  was  iiltered  through  this,  under  pressure.  The  fluid  wliich 
filtered  through  acted  energetically  on  starch,  but  had  no  action  or  only  a 
very  feeble  one  on  cane-sugar. 


tiik  chemical  composition  of  the  digestive 
sp:cretions. 

Saliva. 

Tlie  siliva  is  a  mixture  in  varying  proportions  of  the  secretions 
of  the  dill'erent  salivary  glands.  As  these  secretions  differ  from 
one  another  considerably  in  chemical  composition,  it  will  be  well 
to  consider  first  tlie  physical  and  chemical  nature  of  each  of  them 
in  turn,  and  afterwards  that  of  the  fluid  which  results  from  their 
admixture. 

Submaxillary  saliva.— Submaxillary  saliva  may  be  obtained  by  in- 
sertinir  a  fine  canmila  into  the  opening  of  Wharton's  duct.  In  some 
individuals  AVIiarton's  duct  carries  to  the  mouth  the  secretion  of  the 
submaxillary  gland  only,  in  others  the  duct  of  Ikrtholin  leads  into 
Wharton's  duct,  \vhen  the  latter  conducts  the  mixed  secretion  of  the 
suluaaxillary  and  sublingual  glands  to  the  mouth.  The  tongue  should 
b(?  raised,  hut  not  too  high,  the  cannula  C4irefully  inserted  and  gently 
])Ush(Ml  into  tin*  (hict  for  about  an  inch.  \\\  this  ])rocedure  the  end  of 
the  cannula  is  thrust  ])ast  tlie  0]>ening  of  tlie  duct  of  the  sublingual 
gland,  in  case  lioth  glands  share  a  common  duct,  and  so  the  obtaining  <»f 
sulunaxillary  saliva  only  is  ensured.*' 

JIunian  submaxillary  saliva  is  a  clear,  wateiy,  mobile  fluid,  which 
becomes  viscid  on  standing  in  contact  with  aii',  aiul  deposits  floccnli. 
It  is  ahvays  alkaline  in  reaction.  On  l)r)iling,  it  becomes  cloudy,  and 
the  cloudiness  is  increased  by  the  addition  of  acid.  Its  s]>ecific  gravity 
varies  Itetween  l"00l!G  and  1'00^>3,  and  is  lessened  by  hunger.  The 
amount  of  total  solids  lies  between  0'3G  and  0"4()  per  cent.,  and  is  not 
niucli  intluenced  by  food.  Accoiding  to  Eckliard,  it  contains  no 
sulpliocyanates,  while  Oebl  and  Sert(>li"*  state  tliat  it  contains  them, 
but   in   less   amount   than   the   secretion   of  the  iKUotid.     Colorimetiuc 

'  Sr..,  liow.v.r,  S-l.itr,  Arrh.  ih-  j,},  ,js;,>l .  vorm.  d  i>iif]>.,  Pjiris,  1S92,  tdm-  xxiv.  j).  (370. 
S'.'liitl'  Ik'i.'  !.|m',ii>  hi-v  ciili.  r  .st.itciiuiits,  tli;it  .sincus  ciitcri'iis  uct.s  l)oth  on  ]'rolei(is  and 
iH-nti;il  fat-.  I'r. -.•  i  Jm7/.  /".  (/.  d-s.  ]'}t ,isl,,l,^  Uoim,  1  M't.;,  VA.  Ixi.  S.  il.'O)  ]ias  rocontly 
obtiiiit'l  sm  (11-  .'iii.-iinis  ti'>in  a  \'illa  listula  in  tlif  .sliet-p,  and  dett'i-niincd  tliat  it  lias  no 
action  on  jiixt-'ids  or  n''nti.ii  lat^. 

-  .-/ /•.•//.  /".  Annf.  V.  I'Jxisn'J^   L.-ipxi;;.  ]>71.  S.  :;'>.'. 

Mvkhard.  Jnjrrr^h.  „'.  ,/.  Forfsrhr.  d.  (i< s.  M>.l.,  Krlan.i;cn,  lSG-2,  lUl.  i.  S.  12(5;  cited 
from  Malv,  licrni  inn's  "  Ilandlnirli,"  lid.  v.  (-J;,  S,  17. 

<  OfhK  Jdhrrsh.  a.  ,}.  Furlschr.   d.   f/rs.   Moi.,    Kilangen.   18G.'.   f'.d.    i.   S.    120;  Sertoli, 
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measurements  gave  for  the  siibmiixilhiry  Hiiliva  0*004  per  cent.,  for 
the  fjarotid  0  OrJ  fier  cent»,  of  this  Hubstunce,  reckoned  as  potaemuiu 
sulphfx-yanate*  It  eon  tains  ptyaliii,  as  shown  by  its  powerful  diastatic 
action  on  starch. 

The  submaxillary  saliva  in  the  dog  contains  niiieh  more  mucin  than  in 
man,  and  is  in  consequence  much  more  viscid.  It  is  tilkaliiie  in  reaction,  100 
grms*  requiring  for  neutralisation  0*135  t^*  0*144  grms.  of  sulphuric  acid, 
reckoned  as  SO3.  On  standing  in  contact  with  air,  calcium  carbonate  is 
thrown  down  a^  a  flocculent  precipitate,  which  was  previously  held  in  solution 
by  the  dissolved  carbon-dioxide  as  bicarbonate.  The  same  result  is  brought 
about  more  rapidly  by  heating.  It  contains,  at  most,  only  traces  of  proteid 
or  of  ^ulphocyanate.     Its  specific  gravity  is  lOOi^G  tu  1*004. 

The  quantitative  cnraposition  of  the  saliva  obtained  on  stiranlation  of 
the  submaxillary  gland  varies  aeconlin^  to  the  nerve  stiniulated.  The 
saliva  obt^tined  on  sLtmulation  of  tin!  syniijatlietie  (synipallietic  Haliva) 
is  scanty  in  quantity,  and  euntaiuB  nnich  luueiii.  which  gives  it  a  viscid 
conaigtency.  Chorda  sjiliva,  on  the  other  tiand,  is  plentiful  in  quantity, 
eontainB  less  inucin^  and  is  hence  a  thin  watery  lluiiL  The  ehr^nhi  saliv^a 
has  a  specific  gravity  of  1'0040  to  10050,  and  cimtnins  1'2  tn  14  per 
cent  of  total  solids;  syinpatlictie  sali%*a  has  a  sjjecific  gravity  of  10075 
to  1  018,  and  contains  16  t<»  1^8  [)er  cent  nf  total  solids.^ 

Parotid  saliva.— Hun  tan  parntiti  saliva  may  he  olitainud  by  intro- 
ducing a  tine  cannula  into  Stenson*s  duct.^ 

It  is  a  thin,  mobde  lliiid,  usually  clear,  sonjetinica  soniewbat  turbid, 
and  eontains  no  formed  element  save  epitlielial  cells.  It  is  alkaline  in 
reactifiu,  Imt  the  first  few  drnps  secreted  may  be  neutral  or  acid, 
es|»eeially  in  a  state  of  hunger;  in  all  cases  the  alkalinity  is  less  than 
that  of  gul»maxillary  siiliva.^  Its  sijecific  gravitv  seems  to  be  very 
variable  (Mitscherlieh,  TOGO  to  101)8;  Ueld,  lOlOki  1012  with  scanty 
secretion,  r0035  to  lOOoO  with  plentiful  secretion;  Iloppe-Seyler, 
1-0061  to  1-0088);  the  amount  of  total  solids  lies  l)et\%'een  5  and  16 
parts  per  thousiind.  It  contains  traces  of  protcids,  but  Is  free  from 
mucin  :  it  also  contains  ptyalin  antl  sulpliofv^iuate, 

Tlie  j^iarotid  saliva  of  some  animals,  sucli  as  tlie  dog  and  horse,  is  very 
rich  in  calcium  bicarbojiate,  and  often  <le]tosits  crystals  nf  calcium 
carWnate  on  st^inding.*  Stimulation  of  dacnbsun's  nerve  in  the  dcig 
produces  a  flow  of  Baliva  from  tlie  pan^tid,  p(H»r  in  organic  constituents. 
If,  Iwfore  this  is  done,  the  eervicnl  sympathetic  he  stimulated,  which 
ahme  produces  no  etl'eet,  on  n<»w  stimulating  the  nerve  of  Jacfahson 
a  flow  of  saliva  is  obtained  which  is  much  richer  in  orgJinic  con- 
stituents,^ 

Subungual  saliva,— Oehl  attempted  tn  obtain  human  sublingual 
8ahva  by  a  similar  method  to  that  describeil  in  the  case  of  the  utln^r  t%vo 
glands;  he  was  only  able  to  obtain  a  very  small  qusmtity,  insnllicient  for 

*  EckKard,  ^eiir.  2.  Anal.  v..  Phynul,  (Evklianl),  C^k-sscTi,  1860,  B<K  ii.  For  fuitluT 
detaila  regarding  the  influence  of  ntrvts  nii  the  inim position  of  suliva,  sec  artiik'  od 
**  Eeebanism  of  Salivary  Secrution." 

^  Eckhani,  lot.  tH.;  Oehl,  Jahrcjih.  ii.  r/,  ForLnchr,  iL  gr^,  .l/^^/.»  Krhiii^cn,  186:-,  Hit  i. 
S.  120,     See  alao  Bnuiton  in  Satifiersoira  "  Htuidbotik  of  thfl  Physiol.  Laburfitoiy,"  p.  4ti7. 

*8«e  Astascliewsky,  Jahrcsh.  it.  d.  Farlschr.  d.  ThkrChtm,,  Wmahndtii,  1&7S,  Bd»  viii. 
8.234;  Fubmi,  ibift,  S.  235, 

Miehmann,  **  PhyaioL  Chem.,''  Bd.  ii.  S.  13. 

*  Heidenhain^  Arch./,  d.  ges.  Phifsiol,^  Bonn,  187S,  lid.  xvii.  S.  2S  :  also  in  Ilerjiianna 
"ean(ibtich,**Bd.  v,  (1),  8.  55. 
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quantitative  anal:  ,  but  made  out  that  it  waB  a  clear  filimj  fluid  of 
stronger  alkaline  reaction  than  subinaxillary  saliva,  and  coutatiiing 
mucin,  diastatic  ferment,  and  sulphocyanide. 

The  atiWingual  saliva  of  the  dog  is  a  viscous,  scarcely  fluid  mass ;  it  contains 
salivary  corpiuscles,  but  is  otherwise  quite  clear  and  tratieparent,  is  alkaline  in 
reaction,  and  tiontains  2 '75  per  cent  of  total  solids.^  Werther-  hm  analysed 
the  sublingual  saliva  of  the  dog,  and  linds  that  its  great  viscidity  ia  not  due 
to  any  excess  of  organic  constituents  ;  he  attributes  it  to  the  reaction  which  he 
found  to  be  neutral  or  barely  alkaline.  The  jiroportion  of  inorganic  salts  m 
much  larger  than  in  j>aroiid  or  submaxillary  saliva. 


lie  mouth.— Thi^  has  not 
jeen  obtained  by  ligaturing 
Y  extirpating  tlie  salivary 
f  small ;  it  is  a  thick  rc^p}' 
i  of  epithelial  and  mucous 
1  Bolids,* 

amly  be  obtained  fi^tim  the 
ing  the  lower  Lip;  or   by 
widely  open,  and  avoiding 
viscid,  and   very  slightly 
...  m    normally    alkaline    in 
on    is   commonly    due    Uj    fer- 
_  moutlL     The  alkalinity  ia  leiist 


Secretion  of  the  ; 
been  obtained  in  man.  | 

the  duct^  uf  all   the  i 
glands.     The  amoimt  p 
mucus  of  alkaline  reai 
cells,  and  coiitaining  a 

The  mixed  saliva 
mouth    by    dei>resaing 
depressing  the   head, 
all    attempts    to   awa 
opalescent    Jluid,   wliie  f  • 

reaction :  when    it    m   aciu         % 
mentation  of  partitdeft  of  fonti  ii 

when  fasting,  as  in  the  morning  before  lueakf^ist,  an*!  reaches  it« 
maximum  with  the  height  of  secretion  during,  or  imme<liately  after 
eating.  According  to  Chittenden  and  Ely,^  the  alkalinity  is  equiva- 
lent to  that  of  a  solution  coutiiining  0'08  per  cent,  of  sodiimi  carbonate 
(Na,,Co3). 

The  quantitative  eonqwsition  of  niixeil  saliva  is  \^v\  variable,  as 
might  l)e  ex]>eeted  from  the  difference  in  composition  of  tlie  secretions 
which  f(n'm  it,  and  the  varying  pmportion  in  which  tbeee  must  l^e  pre- 
sent in  (litltMcnt  samples.  The  amount  of  total  solitls  in  Iiuman  saliva 
varies  nurnially  between  5  and  10  parts  per  1000;  the  specific  gravity 
between  1002\and  1-008. 

Organic  constituents. — The  organic  matter  is  partially  in  suspension, 
and  partially  in  solution.  The  suspended  matter  consists  of  squamous 
cells  (letaclied  from  the  epithelium  of  the  mouth,  and  of  the  saH- 
vary  corpuscles,  which  are  leucocytes  altered  by  the  action  of  the 
saliva,  and  contaming  granules  which  exhibit  in  fresh  saliva  active 
Brownian  movements.  The  dissolved  organic  matter  consists  of 
mucin,  ])tyalin,  and  traces  of  proteids;  the  amount  of  the  latter  is 
so  small  that  it  cannot  be  quantitatively  estimated.  Saliva  is  also 
said  to  contain  normally  minute  traces  of  urea;  but  the  amount 
is  so  small  tliat  such  a  statement  cannot  be  made  with  certainty. 
In  ])athol()gieal  conditions  the  amount  of  urea  i)resent  may,  however, 
l)ecome   very  a])])recia])le.     Leucine  and  lactic   acid   are   found   imder 

^  Hcidenhain,  SfmL  d.  phi/siol.  Inst,  zti  Brcshiu,  Leipzig,  Heft  4. 

2  Arch.  /.  d.  ges.  Fhysiol.,  Bonn,   1886,  Bd.  xxxviii.  S.   293.     See  also   Langley  and 
Fletcher,  Phil.  Trans.,  London,  1887,  vol.  elxxx.  p.  109. 

^  Bidder  and  Schmidt,  **Die  Verdaimngssiifte,"  Mitau  und  Leipzig,  1852,  S.  5. 

*  Am.  Chcm.  Joiim.,  Baltimore,  1883,  p.  329.    See  also  Werther,  Arch.  f.  d.  ges,  Physiol. , 
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pathological  eoiitlitioiis,  Imt  art'  ii^t  unniuil  ciiiistiLueiits.  Gra}^e-augar 
and  bile  pigments  are  never  fuund  even  in  the  se\'eie8t  cases  of  diabetes 
or  icterus.^ 

Imtrganic  cmistitueiUs. — Tljese  consist  of  salts  of  tbe  alkalies  (ehiefly 
so<iiiim)  and  alkaline  earths ;  princiiJallv  as  chlorides,  but  also  as 
pboepbates  ami  c^iibonates.^  Calcium  carbonate  often  separates  from 
saliva,  as  a  thin  snrfaee  film,  or  as  a  elondiuess  in  the  Hiiid  im  standing ; 
thija  is  due  to  the  eseaj^e  of  c^irlHin -dioxide  l^y  which  tlie  calcium  was 
held  in  84>Iuti(>n  as  bicarbonate.  A  ]avci  pita  linn  of  tlie  calcium  nf  tlie 
saliva,  partmlly  as  carbonate  and  partially  as  plinsphate,  in  the  ducts  of 
the  salivary  glands,  often  gives  rise  to  mllmri/  titurrvtium;  and  a  similar 
dep<iait,  mixed  with  phosphate  antl  traces  of  silica,  forms  the  tartar 
of  teeth, 

S^lphocyaTUite  of  sailm, — Tre^iranus,^  as  early  as  1S14,  n I  (served 
that  when  a  dilute  wdution  of  ferric  rhl«uiili"  is  add^'d  to  saliva  a  reddish 
coloration  i»  obtained.  This  was  t'veu  )>cfi>re  sullen K'vanic  aciil  was 
known  chemically,  aud  Tiedenjaini  and  iJmclin*  afterwards  proved  tliat 
tlie  eilect  was  due  to  tlie  presence  of  a  suljiliucyanate. 

The  amount  of  sulphucyanate  is  not  large,  Oehl  st;iteH  it  as  t-fiuivaleut  to 
0*000 16-0*0084  per  cent.,  e^sliniiitinl  as  ixda^ssiuui  sulphot^yauate,  and  Miuik 
i«  equivalent  tu  0-01  per  ceut.  sulphfjcyauic  acid,  nr  0*014  jkt  cent,  of 
fodium  suIplioc3'anat«/''  Tlit  presence  of  a  sulf/hoeyajiate  in  saliva  may  be 
demonstmted  cpialitiitively  in  several  ways — (1)  A  very  greatly  diluted  aud 
alightly  acidulated  solutiun  of  ferric  chloride  in  a<likHl  drop  by  drop  tvi  .sdiva, 
when  a  reddish  coloration  i.s  obtained^  if  sul[>li<>i'yauate  in  y>r*-'seiit  iu  normal 
quantity;  the  colour  disa|*p(iars  ou  adding  uiereurie  {diloridc,  TIsi.s  Lest  is 
diflicult  to  obtain.  (2)  A  tilU'r  paper  i^  dipped  lu  a  nrul'  .solutiou  tif  ferric, 
chloride,  couttuning  a  trace  nf  hydn3cldi>rieacid,  aad  then  allnwed  to  dry,  wlicn 
it  should  have  only  a  faint  amber  rokmr.  Ou  .surh  test  ]iajM  r  a  dofp  of  saliva 
prodticea  a  reddish  st^\iuJ*'  (3)  Filler  paper  is  imprrguated  willi  titu  lure  of 
guaiACum,  and  tlieu  drawn  through  a  jsohition  of  0"05  i>cr  eeut.  etipper  sulf^ltate. 
On  »uch  paper,  saliva  containing  sulplincyauate  eaiiscy  a  blue  stain, ''  (4)  .Saliva 
is  treated  with  iodic  acid,  when  iodine  is  set  free;  this  in  turn  is  treated  with 
starch  paste^  when  the  blue  ixmipouml  of  starch  anil  iotlinc  appears.  This  h 
mid  to  be  an  exceedingly  dehcaLe  reaetion,  showing  a  most  minute  trace  of 
salphocyanate,  and  not  iMung  prodncpd  by  saliva  fr(M'  fioin  snlphocyanaLe,'^  but 
iodic  aisid  u  an  exceedingly  unstable  compound,  and  the  latter  Htatemcut  is 
questionable. 

Sidphocyannie  is  often  absent  in  buniau  sidiva.  Suuic  authors  at^ite  that 
it  is  found  in  dog's  aaliva,  others  tliat  it  is  m>t;  the  explanation  may  lie  that 
ite  presence  in  doga  saliva  is  also  not  eonstiint.  It  is  sairl  Ui  he  a))senL  in  the 
saliva  of  the  horse,  ox,  sheep,  goat,  aud  pig.^^     Learcd  ^^  found  that  sulphii- 

»8e*Malv,  Hermann's  '*  Handhin-Ii;'  Ud  v.  (2),  .S.  8. 

•The  olcfer  adaIj^U  viae  fiam^tinnM  h>  pro|n)riiuiJ  tin"  hnsew  tnid  aoids.  on  tlic 
•oppontion  that  a^  mux  h  a»  possihlc  i>f  the  so-ralka  atrongcst  nrhl  wjn  roiuhienl  wilh  tlie 
strongest  base.  We  now  know  timt  the  atids  and  ba-s^-^  an>  ihstiii»iU>-d  m  vonhiig  to  tl<riTMtL* 
lawa,  sod  no  longer  !*|H'ak  tif  bo  imu'h  chloride,  fur  exampli\  oh  cxistitig  in  a  coiiipk*JC 
mixtaret  but  it&Xe  separately  ho  tiiiich  sodiuTii  and  so  miX*Ai  i-hlorine.  t'tf. 

•  **  Biologic;"  ISH,  tkh  iv.  a  330. 

•  **  Die  Vemiftunng  nacli  Ven^mdien/'  Bd.  i.  S,  8, 
*SeeMalr,  Hcniianns  '*  Handbiich,"  Jkl.  v,  (2).  «.  10,  U. 

*G9ch€idUn,Jahrfsh.  ii.  d.  Fortsehr.  d.  ThkrChem.,  Wir'wliadfnh  1874,  Hd.  iv.  S.  9K 
'  RHtger,  ibid.,  1872,  Bd.  ii.  S.  204. 

•Solera,  ibid.,  1877.  Bd,  vii.  8,  25<J ;  1S78,  Bd,  viii.  8.  %\:u 

•  Ellenbcrger  and  HofmeiHter,  *' Verglekli.  Phvs.  d.  IIjuistiLrc/'  Ikrlin,  ISflD,  8. 
4S»5. 

^  Proe,  M&if,  Soe.  Laadont  1870,  vol.  3t\iii»  p.  l+L 
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cyanate   was   present  in    the   blood    and   urine   as   well   as   in   the  saliva. 
Gscheidlen  ^  and  Mnnk  ^  have  also  found  it  in  urine. 

An  exalted  importance  has  been  given  to  the  sulphocyanate  in  saliva, 
from  its  supposed  origin  from  proteid,  and  from  its  assumed  value  as  an 
indicator  of  the  rate  of  proteid  metabolism.  Sulphocyanic  acid  has  a 
similar  constitution  to  cyanic  acid,  an  atom  of  sulphur  merely  replacing  an 
atom  of  oxygen,  and  the  ammonium  salt  of  sulphocyanic  acid  undergoes  a 
similar  decomposition  to  that  of  cyanic  acid,  yielding  sulpho-urea  instead 
of  urea,  thus  : — 

Oxygen  compounds— CN. OH  ;     CN.O.NH^  ;     CO.(NH2)2 
(cyanic  acid)     (ammonium  (urea) 

cyanate) 

Sulphur  compounds— CN.SH  ;     CN.S.NH,  ;     CS.(NH2)2 
(sulphocyanic     (ammonium        (sulpho-urea) 
acid)  sulphocyanate) 

From  this  relationship,  from  the  presence  of  sulphur  in  its  molecule,  and 
from  its  i)resence  in  the  urine,  and  in  traces  in  the  blood,  it  is  probable  that 
the  suli)h()(;yanate  of  the  saliva  is  a  product  of  proteid  metabolism.  Fenwick  ^ 
has  investigated  the  variation  in  the  sulphocyanate  of  the  saliva,  especially  in 
relation  to  the  variations  in  the  nutrition  of  the  body  imder  pathological 
conditions,  lie  states  that  the  amount  of  sulphocyanate  bears  a  relationship 
to  the  amount  of  sulphur  (as  taurocholates)  in  the  bile,  and  that  when  the 
bile  is  diverted  from  the  alimentary  canal  the  sulphocyanate  of  the  saliva 
disappears.  That  it  would  be  dangerous  to  take  the  amount  of  sulphocyanate 
as  any  gauge  of  the  amount  of  proteid  metabolism,  is  shown  by  its  complete 
absence  in  many  sp<'cies  of  animals,  and  in  many  individuals  where  it  is 
normally  present  in  a  species ;  this  does  not  make  any  the  less  probable 
the  statement  tliat  in  those  individuals  in  which  sulphocyanate  is  present  its 
(piantity  should  vary  with  the  activity  of  proteid  metabolism. 

Saliva  also  contains  traces  of  nitrites,^  which  may  be  demonstrated  by 
diluting  saliva  with  five  times  its  volume  of  water,  making  acid  with  sul- 
phuric acid  and  adding  a  solution  of  nietadiamido-benzol,  when  an  intense 
yellow  colour  is  pnxluc^ed.  In  this  way  Griess  estimated  colorimetrioally 
the  amount  of  nitrite  in  saliva  at  1-10  mgrms.  per  litre.  Minute  traces  of 
ammonia  may  also  l)e  shown  to  be  present  in  saliva  by  the  addition  of  Nessler's 
reagent.'' 

G<i.^r.<  of  the  saliva. — The  saliva  holds  considerable  volumes  of  gas  in 
solution  or  in  (  hcmical  combination.  In  human  parotid  saliva,  Kiilz''  found 
in  100  V(»ls.  of  saliva,  of  oxygen,  146  vols.;  of  nitrogen,  2*8  vols.;  and  of 
carbon-dioxide  GG'7  vols.,  of  whi<di  latter  62  vols,  were  in  chemical 
comhination.  In  submaxillary  saliva  of  the  dog,  obtained  by  stinndating 
the  chorda  tym])ani,  Piliigi'r"  found  O'o-O'S  vols,  of  oxygen,  0*9-l*0  vols. 
of  nitrogen,  au<l  G4"73-85d3  vols,  of  (Narl)<>n-dioxide,  most  of  the  latter 
beiug  chemically  eoml)ine(l.  These  ligun^s  are  interesting,  both  because  of  the 
large  auiount  of  carbon-dioxide  ])resent,  and  the  fact  that  the  oxygen  exceeds 
the  amount  <li-solve<l  by  blood  plasma. 

^  Jrrl..  r\  d.  >/'S.  /'// ../>•;(;/.,  liui.ii,  ls77,  PhI.  xiv.  S.  101. 
-  l'lrch">r's  Arrinr,  1>77,   B.].  Ixix.  S.  3r.l. 

"  Fciiwirk.  "Tlir  Silix.i  as  a  Tr^t  for  |-'uii«tioiial  Disuidcrs  of  the  Liver,"  TiOTidt>n,  l^^^O. 
■*  SrlK-nt'cin.  Jm/rn./.  ■j>r(ilf.  <'h-  m.,  \A\\/\<j,.  Bd.  Ixxxvi.  S.  ir»l  :  ScIkut,  /Jsrhr.f.  lii"L, 
Miinrlirn,  r..l.  vi.  S.   1»]'7  :  (oi.-ss.  /;,/•.  ,1.  druisrh.  chew.  ^V.sr//.sv//.,  Berlin,  Bd.  ii.  S.  024. 
■^  Malv,    Ihriiiaiiir>  "  1  hin<l!>urli."   B.l.   v.    {'I),  i^.  ^.      See   aho  W.   Sticker,   MiiticJun. 
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{a)  Orgmoic  . 
{h)  Inorgmnic 
1.  SolttbJe      I 
2L  Insoiiible  , 


991*15 

8-55 
2*89 

4*60 

lie 


II. 

\\h 

IV. 

J»9fl0! 

994-4 

tp9l*U 

3&fi 

5-6 

8-813 

1-51 

1-75 

3-53 

2-4& 

3'S5 

5 '33 

3-51* 

5-27 

0-26 

OOt! 

Auij  or  No.  UL 


K,SO, 


0*200 


KCl  0*940 

Nil  CI  1-546 

N!i.,COj  0'H02 

CttCO,  0  1 50 


Qanm. 

L 

IL 

CO,  fm*  19*3 
CO,  poni- 

l.iiR'd  *2H*9 
Nitjfitrijij  0*7 

Oxygon    O'l 

22*5 

42*5 
0'« 

0-6 

Analpes  I.  and  IL  are  of  dog's  saliva,  by  UiiMer  and  ^cbniidt'  Analysis 
IIL  is  by  Hert43r.'  Analysis  lY.  in  of  cow's  snliva.^^  Tho  ash  analysis  i«  by 
Ilertcr,*     The  gas  analyses  are  of  dog^s  jsiilivw  by  Pfliiger^ 


TABLE  IL 
Pa  HOT  111  Sai.ita* 


I. 

II. 

III. 

IV. 

\\ 

VL 

VII. 

Waiir 

985*4-9837 

99816 

995 '3 

991 '5-993 '8 

1190*00 

990*7 

8ii9*0 

ToUl  Solids 

14*6-16-3 

0*81 

4-7 

8"4r*ll*l 

10-0 

9-3 

11-0 

{a)  Organic 

9-0 

3*44 

1-4 

1*53 

2'06-(|-() 

0-11 

I'O 

{h)  Inorganic  . 

5*3 

3*40 

3-3 

C-I)3 

4-8-8*73 

8-82 

100 

L  SijluMtj    , 

21 

6*25 

8-72 

ItrO 

2.   Insoluble 

1-2 

(ym 

0*10 

Tratx'8 

This  table  hits  been  o.om piled  from  ^Ldy.''  I.  and  11,  aro  analyseH  of 
humaa  parotid  Kaliva,  by  MitwberHrb  luid  Ho]*i>e  Sc-yler  resjuM-tivDly.  The 
former  states  tbc  amount  of  Ibe  sulpbo*  yaii:ile  in  his  >i3inv|ile  at  0\\  |kt  tbi>iK^Enid, 
HL  and  IV,  are  of  dogls  parotid  salivii,  by  .b-H-ubinvitsrh  and  Ibrler  res[M'rt- 
ivelj ;  that  given  as  eolnljlc  is  m'I  down  by  Lhrm  as  CaC<>.,.  V,  is  i»f  br>rse8 
parotid  saliva  by  I^'bmanti.  VI.  ai^l  VI L  of  tljo  cow's  and  ram's  parotid  saliva 
respectively,  by  LasRiiigne. 

TABLE  111. 

SUBMAXILLAKV,    FaUOTII>,   AND  SUilLLVOUAL  SaUVA. 


SubmaxilUiT  Baliv*. 

rarotifl  8ftl 

va. 

.Sybil  ntfURl  Sail  VII 

L 

n. 

m. 

IV. 

1. 

it. 

992*6 

in. 

I. 

IT. 

ML 

IV. 

.^.  .  . 

9877 

988-7 

983-2 

987-4 

991*4 

WI*^ 

978-8 

981-7 

ToUl  Hcilids 

12*3 

11-3 

168 

12-5 

8-6 

7-4 

^i 

21-2 

i.>-:i 

i:i-7 

1-2-8 

<4)  Orgaoic 

e-6 

10-2 

&2 

0-6 

4-0 

Ml 

4-;^ 

3-4 

(6)  InoTKanic    . 
L  Soliibb      . 

47 

6-6 

6-4 

6-J^ 

i'\ 

13-4 

9-J 

9  4 

5*6 

4-3 

5*8 

6  0 

5-6   i 

G*4 

3'tl 

11*0 

127 

i^-0 

9*3 

2L  iMliiblc   . 

042 

0*73 

0-42 

ii'Ah 

0*54 

0-6« 

0-44 

0*17 

'Jkalinity— 

{«Na,00,)     , 

1*6 

17 

M 

Mf 

17 

17 

•hjqndisi-' 

(aiNaa) 

8-36 

1-5 

3-29 

2-39 

0*76 

0-85 

7  06 

10*8 

8*14 

... 

»  Malj,  Hermann's  "Handled]/'  B.b  v,  (2),  S,  19. 

*  Hoppe-Seyler,  **  PhjKiul.  Chi-nK/'  LM.  iL  S.  191. 

•  Lassaigue,  cited  hy  Maly,  loc,  tit  *  /*«:«-,  tit.  ^'  \LiIv»  I'h:,  clt. 
•Hermann'*  "Hdndbuch/'  Hd.  v.   (2),  S.  ir>,  17:  1 J oppoSey k-r,   "PhvsiuL  Lhtni.," 


Ed.  ii  a  198,  199. 
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Til  is  tabk  shows  i©  results  obtained  by  Werther  ^  in  four  exj>ei'imeQta  011 
dggs^  in  which  all  three  kinds  of  saliva  were  collected  and  nnaiy&ed.  Tlie  results 
have  been  placed  in  a  similar  fann  to  that  (]f  the  other  tables,  for  ease  of  com- 
parison. It  should  be  ob*^erved  that  the  sublingual  saliva  was  barely  alkaline 
in  all  fonr  experiments,  while  the  subm axillary  saliva  was  only  so  in  one 
experiment;  that  the  sublingual  saliva  contains  in  spite  of  it*?  viscidity  no 
more  organic  matter  than  the  otliere,  while  it  does  contain  much  more 
chloridea.  Human  sublingual  saliva  has  never  been  oblained  In  sufficient 
quantity  for  analysiss*. 

TAHLE  l\\ 


BucaAf,  Mifcus, 


Watef    . 
Total  isolkk    , 

(a)  Si.ilu!)]©  in  a' 
{b)  Insoluble  in 
hwripattc  salts— 
Chiiitlj  cbloHi 

From  Bidder  and  Si 


2*18 
SIS 


! 

IV, 

V, 

VL 

vn. 

^Wiiter       ,        .         .        ,        . 

flQia 

988*3 

094 -F 

%M'2 

089^ 

Total  solids       .         .        .        . 

7X 

^di4 

b'^ 

117 

5^3 

frS 

loa 

8iisiM?  tided    solida    (ei*itlie- 

Imni,  mucus,  etc/)  . 

1-4 

^%2, 

213 

2-2 

♦  -. 

Soluble  &rgaiiie  matter 

3*8 

r34 

1-42 

3^27 

M 

S-58 

rotA^iiiim  ,4uliihfH.'Vaiijdt!    . 

0-06 

O'lO 

0*04 

..> 

Iiimganic  suit**  . 

]*9 

1-82 

^■19 

103 

2*2 

an 

Aaii  OF  Mixed  Saliva, 


IfllLllilU. 

oor^ 

Tcitil  solids  (in  1000  parte 
ofsalivfij 

I'ho&riiiorio  acid    . 
Sr^k    .... 
Lime    .... 

Ml^flJI!»iR         .             . 

Alkaline  idiloridfls 

1*8-2 

a-5U 

fl'43i 

(!03\ 

O'DIJ 

0-84 

G79 
0-82 

0*15 
5-S2 

Analyses  I.  to  VI.  are  of  human  saliva  by  Berzelius,  Jacubowitsch,  Frerichs, 
Tiedeniann  and  Gnielin,  Herter,  and  Hammerbacher  respectively.  Analysis 
VII.  is  of  dog's  saliva  by  Schmidt.  The  table  is  taken  from  Maly,*^  except 
Analysis  VI.,  whicli  is  from  Hammerbacher."*  The  analyses  of  ash  are  by 
Jacubowitsch.''  In  1000  i)arts  of  the  ash  of  mixed  human  saliva,  Hammer- 
bacher*' found  457-2  of  K.X),  95-9  of  Nci.,0,  50-11  of  Fe.Oa,  1-55  of  MgO, 
63-8  of  SO,,  188-48  of  P.O"  and  183-5  of  chlorine. 


1  Arch.  f.  d.  ffct.  PhffnioL,  Bonn,  1886,  Bd.  xxxviii.  S.  293. 

2  Hermann's  "  Handimch,"  Bd.  v.  (2),  S.  20. 


3  Ibid,  Bd.  v.  (2),  S.  14. 


GASTRIC  JUICE.  juji 

Gastric  Juice. 

Human  gastric  juice  rnixfil  with  water  or  fuu*!  may  be  (ilttained 
for  clinical  piirjK)se8  by  tlie  use  of  a  gastrie  souikI  or  the  sttmmch  pump, 
but  pure  gastric  juice  eaimot  be  obtained  in  thia  way,  because  w!ien  the 
Btonmcb  is  empty  tlie  secretirm  of  gaatric  juice  stops,  and  can  only 
be  initiatal  by  the  drinking  of  water  or  the  taking  of  food.^ 

Notwithstanding  tiie  conwitlerable  number  of  cases  of  gastrin  fistula 
in  man  already  enumerated,  the  details  as  to  the  f|uantitative  chemical 
compodtion  ami  physical  charaeteriaticB  of  that  fluid  are  very  meagre. 
Only  one  set  of  complete  analyses  t>f  the  Huid  has  been  carried  out  by 
Sc^hmidt,  and  these,  along  with  eertiiin  incomjilete  analyses  by  other 
observers  of  the  total  scibda  and  amount  of  acid,  ^ire  all  the  quautiudive 
data  we  pissess. 

In  a  case  of  human  gastric  fistula,  oltserved  hy  C.  Scluuidt,^ 
the  fluid  obtaineil  was  clear  as  water,  less  acid  than  dogs  gastric  juice, 
and  had  a  specific  gravity  <tf  1  0022-1  0024.  It  scarcely  became  clouded 
on  heating,  and  left  on  evaporation  a  f u'o w n is h -yellow  deliqueHcent  acid 
residue,  which  on  incinerating  left  a  colourless,  neutral,  or  faintly  alkaline 
ash,  containing  no  carl>onates.  On  distilling  the  liqiud,  oi dy  water 
came  over,  until  the  fluid  attained  tlie  consistency  of  oil,  then  traces  of 
hydrochloric  acid,  wbicli  beciinie  stnaiger  as  the  process  was  continued. 

In  a  case  observed  by  Kichet,  in  which  the  (csuplmgua  liad  been 
occluded  by  strong  alkali,  an<l  the  gastric  fistula  w*as  the  result  of  an 
operation,  the  gastric  juice  was  also  colourless,  had  a  faint  smell.  a!id 
varied  greatly  in  acidity. 

Pure  gastric  juice  has  also  recently  been  (tbtaiuj^d  by  Fremont^  from 
a  fistula  in  the  iiiolated  stomach  of  the  dog.  (laslric  jiuce  scj  obtained 
is  a  hmpid,  clear,  colourless,  inodorous,  very  acid,  and  powerfully  peptic 
fluid,  capable  of  digesting  its  own  weight  of  coagulated  allnnuin.  The 
dog  in  question  weigheil  12  kilos.,  and  yielded  800  grms,  of  gastric 
juice  daily.  If  the  secretion  takes  place  at  the  sariu!  rate  iu  the  Inniiaii 
subject,  a  man  weighing  CO  kilos.  (1M2  lbs,)  sbnnld  secrete  4  litres 
of  gastric  juice  daily. 

Pure  gastric  juice  may  be  collected  from  a  Pawltuv  fistula*  twelve  to 
fift-een  hours  after  a  true  meal,  hy  giving  the  animal  a  fictitious  meal. 
The  food  wdiich  is  eaten  does  not  reacfi  the  stomach,  but  drops  fnuu 
an  oesophageal  fistula.  The  process  of  feeding  induces  rctlcxly  an 
abundant  secretion  of  gastric  juice,  wliicli  can  In-  cnlh-ricti  in  a  i»ure 
condition,  A  dog  will  go  on  feeding  voraiiiHisly  in  this  maiuun'  for 
hours,  and  in  the  course  of  an  hour  200-300  c.t.  of  gastric  juice  may  !>e 
collected.  The  aiumal  is  said  to  be  unalVectcd  iu  health  by  a  cftllcction 
o(  an  hour  per  diem. 

*  This  method  U  of  more  service  cliuioally  tlmn  rliys'ologieally  an  ri  iimrli-  nf  ulitaiiiiii^ 
gMtrie  jitiee  in  cuacji  of  dyapepm,  m  order  to  di-tirrnitie  the  anion  nt  oluciJity,  anil  ubi-thir 
this  k  aue  to  a  normal  amount  of  liydrochloric^  aniil  or  to  fix<  es-H  i>f  orgaiiir  n^irlw,  tlic  pro- 
dnet  of  bacterial  action.  See  Leube,  Sitzujftfilr.  d.  /tl/i/s.-fttrd.  Soc.  zn  EriaiifjtiK  1?^71, 
Heft  3  ;  Kiilz,  Deutsche  Ztschr,  /.  prakf.  Mf(L,  Lttj^i^,  1^7 b^  No,  27  ;  C*  A.  Ewald, 
"  Klinik  der  Verdauuug^skranklieitcTJ,"  ISW,  Bd.  i.  S,  S7  ;  (!ttmg**e,  *' Physinlogieul 
Chemistry/'  vol.  li  pp.  163-178. 

*  The  case  was  that  of  a  hnalthy  woman  with  a  clironic  fiatvda,  yielding  gastric  juice 
freely  without  a^tparent  effect  on  the  health  of  the  pBtienl. 

^  DeTiionstratcd  hj  Htirzcn,  liitrmatiorml  t'Ein^ress^  Ikm,  ISflfi, 

*  Pawlow  and  Schournow-SimacowMky,  Ceidrtiihf,  J\  PhifsioL^  \m\\7\g  IL  Wieii,  1889, 
B<L  UL  S.  113.     See  article  on  ''Meebanism  of  Gastric  Secretion," 
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Konowaloflf*  i  eeted  over  10  litrt^s,  as  above  described,  and  sub- 
jected the  fluid  to  chemical  oxamination.  It  wati  a  elmr»  colourleas, 
odourless  fluid,  winch  eotdd  be  kept  indefinitely  witliout  imdergoiBg 
decomposition.  When  diluted  with  its  own  volume  of  water,  it  l:>ec^mes 
somewhat  cloudy  ;  \\  ith  four  volumes  of  water,  a  f^rmaiient  opalesoenc© 
resulted,  which  on  further  dilution  eventually  disappeiired  On  neutral- 
ising with  alkali,  a  tir  cky  precipitate  appearedj  redissolving  in  the  slightest 
excess.  Cooling  the  juice  to  10-11''  C.  c-auf=ied  a  finely  granular  precipit- 
ate to  appear,  which  dissolved  again  on  wanning  Its  specific  gi'avity 
averaged  1*00478;  total  solids,  0^478  per  cent,;  acidity,  equivalent  to 
0*544  per  cent,  of  hydrochloric  acid.  WHien  the  acid  gastric  juica  m  ao 
removed  the  reliction  of  the  urine  hecomea  alkaline^  (0*96-1*31  per  cent, 
of  Na^O). 


t  a     I  contain  traces  of  proteid  * 

3s  and  f^eptoues ;  these,  witli 
In  and  reniiin,  are  the  only 

arides  (with  traces  of  phos* 
and  traces  of  magoesiuni 

nice  is  very  sinall,  seldom 

in  being  mucli  less.     Excass 
.«ainuig  all  the  organic  matter, 
>i  added   to  gastrie  juiee*  cause  a 

cloudiness  or  a  tlnrl<y  ineeiintato  oi  tricalcic  phosjiliate,  with  tnicesi 
of  phospliates  fp|'  iron  and  itiJigneKium,  ami  some  organic  matter.  The 
precipitation  of  tiicalcic  |>bo8phate  by  ammonia  shows  that  calcium  is 
present  as  acid  phosphate  in  gastric  juice. 

Qtimititatim  Com^miiion  of  GaslrtG  Juice, 


Freshly  secreted  gi 
which,  on  stand  iug,  is  c 
traces  of  mucin,  and 
organic  constituents. 

The  inorganic  salte 
phates)  of  sodium,  \wi 
and  iron. 

The  total  amount 
amounting  to  more  tbh 
of  alcohol  causes  a  fkici 

Alkalies   and   alkaline 


I. 

n. 

UL 

IV. 

Htjiimn* 

I«Of. 

Bogr- 

Shepp. 

Wat^r 

Total  solids 

Organic  matter     . 

HCl     .         .         .         ,         . 

CaCl,  ..... 

NaCl 

KCl 

NH.Cl        .         .        ,         . 
Ca3(P0J,).         .         .         . 
Mg3(P0J,  .         .         .         . 
FePO^          .... 

m'40 
6*60 
3 '19 

a '06 
1-46 
0-55 

I        0-125  j 

2S'94 
17  13 
3*34 
0*26 
2 -SO 
V12 
0*47 
1-73 
0-23 
0-08 

'       971i7 
28-83 
17^34 
2*34 
1*66 
315 
1-07 
0^64 
2-29 
0-32 
0-12 

S8d'14 
13'SS 
4-05 
1-23 
0*11 
4*37 
1&% 
0-47 
1-18 
0-57 
0-33 

The  aiialysps  are  by  C.  Schmidt,  quoted  from  Maly,  Hermann's  "Handbiich,"  Bd.  v.  (2) 
S.  70  ;  Jnti.  d.  Chcm.,  Leipzig,  1854,  Bd.  xcii.  S.  42  ;  and  '*  Verdauungs.safte,"  S;  44. 

Analysis   I.   is  of   human  gastric  juice,  obtained  from  Schmidt^s  case  of 
gastric  fistula  already  quoted  ;  it  is  evident  that  this  gastric  juice  contained 

Mnaug.  Diss.,   St.   Petersburg,   1893;  Jahnsh.  il.  d.   Fortxrhr.  d.    ThierChtm.,  Wies- 
baden, 1893,  P.d.  x'xiii.  S.  289. 

-  8ehoumo\v-Sim;ino\vsky,  Arch.dcsc.  hioL,  St.  Prtersbourg,  1893,  vol.  ii.  p.  462. 
•^  Hammarsten,  "  Lehrbuch  der  i»hysiol.  Chem.,"  Wiesbaden,  1895,  Aufl.  3,  S.  233. 
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moeli  saliya,  as  the  total  solids  and  amount  of  acid  are  much  less  than  those 
usually  found-  Analpes  IL  and  III.  are  of  dog's  saliva.  Analysis  \\.  gives 
tlie  mean  of  ten  determinations,  111  the  case  of  a  dog  in  whieh  all  tho  salivary 
dacte  had  been  ligatured,  Analysi^a  III,  gives  the  mean  of  three,  in  the  ca.se  of 
a  dog  with  normal  salivary  glands.  Analysis  IV.  is  that  of  the  gastric  juice 
of  a  sheep. 

The  acid  of  the  gastric  juice.— Tlie  aci4l  of  the  gastric  juice 
has  prolwibly  given  x\m  to  more  disfiiHsifui  tlian  any  other  nuhject  in 
physiological  chemistry.  The  principal  jxjints  for  eoirsideratioii  arc— 
(a)  the  nature  nf  the  acid :  {h)  the  f^eat  of  forniatiou  and  the  oiode  of 
origin  of  the  acid ;  (c)  the  function  of  the  acid. 

The  imfitre.  of  tk€  acid. — Before  difioussing  this  r[uestion  in  detail, 
it  may  he  well  to  state  cleaTly  the  present  state  of  ojiiniim  on  the 
snhject. 

It  has  l»een  deoionstrated  that  hydrotliloric  acid  is  the  princii»al  acid 
of  the  gastric  juice,  and  that  in  the  ]iurer  samples  free  from  foud  it  is 
always  present,  and  is  almost  exclusively  tfir  only  fwid  prcseyil ',  while  in 
gastric  juice  mixed  with  food,  especially  with  carbohydrate  foo<l,  it  may 
be,  and  often  undouhtedly  is,  accom]kanied  hy  lactic  acid.  C.  Sdnuidt, 
from  a  large  number  of  painstaking  and  laborious  analyses,  concluded 
that  the  pure  gastric  juice  of  carnivora,  cdttained  after  a  fast  of  eigliteen 
to  twenty  hour.s,eimtarnB  ojdt/  hydro^hhwir  artd,  and  no  trace  of  lactic  or 
acetic  acids;  while  the  gastric  juice  of  herljivura  contiiiiis,  besides  hydro- 
chloric acid,  small  quantities  of  lactic  acid,  bnt  this  is  even  then  jtrobably 
from  remnants  of  carbohydrate  food.^ 

Prout,^  in  1824,  first  showed  that  gastric  juice  contains  free  hydro- 
chloric acid  by  the  following  metliod  : — 

Tlie  contents  of  a  stomach  were  mixed  up  with  water,  an<l,  after  the 
mixture  Iiad  settler!,  the  clear  ]iart  was  removed  by  decantation.  This 
was  divideil  into  three  equal  portions,  (f,  h,  irnd  c. 

(a)  The  first  p<jrtion  was  evaporated  to  dryness,  ineinerated,  autl  the 
total  amount  of  chlorine  in  the  ash  determineil  by  weigliing,  as  silver 
chloride. 

(h)  The  second  portion  was  Hrst  made  alkaline  by  the  adilition  of 
potash,  then  evaporated  to  dryness,  incinerated,  and  the  total  chlorine 
determined  as  Iwfore. 

(c)  In  the  third  |wrtion,  the  total  acidity  wns  deteruiined  by  titration 
agaiBiiit  standard  alkali,  and  reckoned  as  bydrochloric  acit]. 

In  [xjrtion  (a)  all  the  free  a(*id  is  driven  olfas  well  as  any  which  may 
be  combined  with  volatile  or  decomposable  bases  (such  as  ammonium 
chloride);  in  |X)rtion  (^)  all  tlie  chlorine  remains,  that  whieh  was  either 
free  or  combined  with  annnonia  bricrmiing  converted  intf*  non-volatile 
potassium  chloride:  therefore  the  diircrente  at  (h)  ami  (a)  gives  the  free 
hydrochloric  acid,  plus  any  volatile  chlorides  wbi^h  may  t>e  present.  In 
(f)  all  the  acid  is  estimated  as  hydrochloric  acid,  and  !»y  subtracting 
this  from  the  difference  of  (h)  and  (a)  the  aimnnit  present  as  vidatile 
chlorides  m  obtained. 

Prout  also  ehowed  that  when  gastrir  jiiiee  is  distilled,  towanls  tlie 

*  The  stomach  of  the  herldvora  ret^Linn  food  for  a  much  luri^i^r  [teruA  than  iliat  of 
eftraiTOiu.  Traces  of  food  are  usually  found  iu  the  stoiiinrh  nf  the  shwp  pveu  thirty-six 
hours  afl<r  11  lueal.  See  CI-  Bt^riaard,  "  Lc<7ohh  <le  r^'J"^'**!'  t''<I"'r. "  18"jG,  tome  ii.  p» 
389. 

^  FhU,  Trans.,  Loudon,  1824,  piirt  i.  p.  45. 
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end  of  the  proct  vdrochlorio  acid  imsses  tiver.  In  addition,  he  tried 
to  obtain  lactic  anu  from  gaetric  jiiic:e,  hut  witli  negative  results. 

The  remarkable  resulin  ^w  obtained  by  Front  were  confirmed  Ijy 
Children^  in  Enj^ktid,  by  Braconnot*  in  France,  and  by  Dunglison 
and  Emmet,®  witli  gastric  juice  ()btiuned  from  Beaunionfc*8  case  of 
fistula. 

When  the  perif  1  at  whicli  they  were  carried  out  is  considered,  it 
must  be  admitted  tl  it  tliesc  experiments  of  Frout  were  most  ingenious, 
and  he  well  desers  l\^  the  lionour  of  being  the  first  to  awaken  tlie  minds 
of  men  to  the  ctmception  tliat  the  animal  organisni  was  capable  of 
producing  such  a  substance  as  bydrrjclilorie  acid.*  Physiologitial  chemists. 
however,  were  chary  in  belie\iu£:  that  the  gentler  foix^es  of  the  animal 
organism  were  cquibl  |  a  substance  aa  hydrochloric 

acid,  which  they  %ven  i  n      perinientally  except  by  the 

use  of  potent  inorga  iiiglyr  objections  flowed   in 

against  Front's  worl 

Claude  Bernaid  %  that  when  sodium  eliloride 

was  added  to  a  s(>luti  be  mixture  distilled,  hydro- 

chloric acid  appeal  red  I'ds  the  end  of  the  process 

when  the  mixture  ws  id.    They  conchided  that  the 

free  acid  of  the  gasti  d.     Lehniann  ®  ascribed  the 

free  hydrochloric  acia  a  experiment  to  the  action  of 

the  lactic  acid,  coiicen  e  i^^on,  on  the  calcium  chloride  also 

present  in  gastric  juice,     j       y  observers  were  also  agreed  that 

the  free  acid  in  gastric  juice  was  lactic  acidJ  Blondlot^  about  tins  time 
enunciated  tlie  hy|Kithesis  tliat  the  acidity  of  the  gastric  juice  was  due 
in  part  to  acid  calcium  phosphate,  and  evr^lved  a  theory,  closely 
resembling  a  mucli  more  recent  ijiie  l>y  Maly,  as  to  the  origin  of  the 
acid  by  the  formation  of  this  substance^  accompanied  by  traces  of  hydro- 
chloric and  phoHpboi'ic  acids  in  the  stomach  wail,  frran  t!ie  sodium 
chloride  and  calcjuiii  plK^«|>bate  of  the  IjWkL^  In  ]^reseuce  of  hydro- 
chloric acid  it  is  imw  known  that  part  of  an.y  calcium  phosphate  pi^sent 
would  ])e  resolved  into  acid  i»boj^pluiteR,  but  the  amtamt  of  calcium 
phosphate  present  in  i^nistric  juice  is  altogether  insufficient  to  aecoimt  for 
any  ap]necia]jlc  part  of  its  acidity. 

While  the  subject  was  «bill  in  this  vexed  condition,  Bidder  and 
Schmidt's  ^^  classical  work  oii  digcotiuu  apptjarcJ,  ix»ntttiiiiii^  ihc  itsbullo 
of  Sclnnidt's  experiments,  to  which  reference  has  already  been  made.    As 

^  Annals  of  Philosophy ^  July  1824. 

^  Ann.  d/i  chim.,  Paris,  1835,  tome  lix.  p.  348. 

2  Puhlished  with  Beaumont's  results,  1834. 

*  Ah  is  often  the  case  in  great  discoveries,  Front  seems  not  to  have  been  much  in  time 
aliead  of  his  fellows.  Tiedemann  and  Gmelin  state  in  the  preface  to  their  classical  work, 
**  Die  Vcnlauung  nach  Versuchen,"  1826  (while  admitting  Front's  priority),  that  independ- 
ently they  had  found  hydrochloric  acid  in  distilling  various  gastric  fluids,  and  a  month 
later  first  saw  Front's  publication.  However,  Frout  was  clearly  ahe^id  of  them,  both  in  the 
dLstillation  method,  and  in  its  ingenious  confirmation  by  analytical  results,  as  described  in 
the  text. 

^  Co/npt.  rciuL  Acad.  d.  sc,  Faris,  1841-5  ;  "Lemons  de  physiol.  cxper.  appliqu^  k  la 
nied.,"  I8r»6,  tome  ii.  ]).  307. 

«7>/\  d.  Sdrhs.  Gesdlsch.  d.  JFisseusch.,  Leipzig,  1847. 

"  Felouse,  Coinpf.  rr.iul.  Acad.  d.  hc.^  Faris,  tome  xix.  ]).  1227  ;  Thomson,  Land, 
Ed  in.  andJ^ih.  Phil.  Mac/.,  London,  1845. 

^  "Traite  analytiqne  de  la  digestion,"  1843;  Jahresh.  fi.  d.  Fortschr,  d.  ges.  Med.y 
Erlangen,  1851,  Hd.  i.  S.  97  :  1858,  Bd.  i.  S.  37. 

»See  p.  361. 

^^  '*  Die  Verdauungssrifte  und  der  Stoffwechsel,"  Mitau  n.  Leipzig,  1852,  S.  44. 
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the  result  of  eighteen  concordaut  amilyaes,  Schmidt  fcjiiiid  iliat  gastric 
juice  ahvays  contained  more  hydrucbloric  aeid  tliau  was  sufficient  to 
neutralise  all  the  bases  present,  and  that  the  excess  of  hyth'ocliloric  acid 
was  alone  sufficient  to  account  f<u-  t!ic  entire  aeitlity  nf  tlie  gastric  juice. 
Schmidts  course  of  procedure  was  as  follows: — - 

The  total  chlorides  in  a  weighed  quantity  (100  grms.)  of  fjastric  juice 
were  precipitated  and  weighed  as  sihtT  chl*»ride  in  the  usual  fiisliiun,  ly 
adding  a  drop  or  two  of  nitric  arid  followed  by  i^^v^\%  ext-ess  of  silver  nitrato 
sdutioti.  From  the  filtrate  tho  exeess  of  silver  nitrate  was  removed  by  addi- 
iion  of  pure  hydrochloric  acid^  \\&  silver  ehloride  ;  and  tlie  iiltriite,  cnntJiining 
all  the  biise^  of  the  gastric  juicej  was  evapor;itcd  tt>  dr^nesn,  ignited,  and  the 
amount  of  each  separate  base  in  the  ash  determined  by  appropriate  methods. 
In  many  cases  the  percentage  of  ammonia  present  was  also  determined  in  a 
different  portion  as  ammonio-platinic  diloride. 

The  amount  of  liydrochloric  acid  present,  combiiud  and  uncombined,  was 
found  from  the  weight  of  the  first  silver  ehloride  prei  ipitate  ;  the  weight  of 
chlorine  necessary  to  combine  with  the  weight  of  eaeh  base  presint  was  next 
Cftlculated,  on  the  assymption  that  aU  of  eat  h  base  wai*  a«  tnally  ]>re,sent  as 
ehloride  j  and  by  adding  all  these  weights  of  chlorine  the  amount  of  ehlorinc 
(and  hence  hydrochloric  acid)  necessary  to  satisfy  all  the  bases  was  detei  adneJ, 
This  was  found  to  be  comsiderably  less  than  the  total  chlorine  jjresent ;  in  fact, 
the  difference  in  the  two  anion nts  represented  very  accurately  tlie  total  acidity 
reckoned  as  hydrochloric  acid. 

The  argument  underlying  Sehuddt'«  expcriuients  cammt  be  j^^ainsaid, 
and  as  tlie  exj>eri mental  |mrt  of  hi»  wiuk  was  cniiliriniil  by  other 
observer»,i  there  remained  no  choice  luit  tr>  acccjtt  tbe  picsence  of 
hydrr^cbloric  acid  in  the  stnniacb  as  ]»roveu.  This  view  acconlinfiily 
^ined  p'ound  after  tbe  puldication  of  bis  results,  and  is  now  universally 
accept4id. 

Although  Schmidts  experimcutH  demonstrate  tliat  there  is  an  excess 
of  hydrochloric  acid  in  gastric  juice,  uncomhlmd  with  imfrfjamr  hfLs*'s,  they 
do  not  allow  that  this  excess  of  acid  is  entirely  inicombined.  It  is 
certain  that  if  tbe  excei^s  o{  acid  is  in  chemical  coaibiuatiim  with  any- 
things  the  coni]*oiiud  so  formed  is  a  very  unstable  ojie:  this  is  shown  by 
the  eaiie  w^ith  which  tbe  acid  eondnnes  witli  lived  alkalii^s,  and  by  tlic 
persiBtence  of  the  acid  reaction  in  spite  of  the  conibinatiim.  Still  tliere 
are  clear  groimds  for  believinj^  that  the  bydroeldoric  arid  is  in  most 
caaes  combined  loosely  with  some  other  liudy,  most  pntlKibly  albumose 
or  peptone,  which  are  always  present  in  traces  in  pislrie  juice.  Iliese 
reoflOQs  are  as  follows : — 

1-  Organic  acids  do  not  dissolve  calcium  oxalati^  btit  a  solution  of 
hydrochloric  acid  in  water,  containing  one  part  of  acid  in  a  thousand 
part*  of  water,  does  dissolve  this  ctmii»ound.  Now  gastric  juice  dncs  not 
dissolve  calcium  oxalate,  from  which  iJeruard  and  Barreswil  -  argtied  that  the 
acidity  of  gastric  juice  is  not  due  to  hydriteblorie  aeiil.  This  di  Here  nee  in 
action  on  calcium  oxalate  of  {a)  a  solution  of  bydr«j(  hlnric  ar-id  in  water^  and 
(h)  gastric  juice^  is,  however,  jirohably  due  to  tlte  presenrr  of  albumose^  and 
peptones,  which  furrn  a  loose  combination  with  the  acid,  of  guMicieut  stability 
to  prevent  it  from  acting  on  calcium  oxidate. 

*  Ch.  Richet,  *' Le  sue  giistriipio  vho£  riioimne  vi  loa  ani)tifei\/'  P.iris^  1S7S,  p.  32; 
lUlv,  Ann,  rf.  CAem.,  LeipKig,  1874,  M.  clxviii.  8.  '227. 

*^C1-  Bcniard,  *'Lo94>Dad«  physioL  expu'i. ,"  ]??riC,  toiin;  ii,  p.  395. 
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2.  Laborde  ^  coi  ired  the  ijivertiiig  power  of  gtvatriu  juice  on  i mnc-sugii 
with  that  of  a  solutio]  of  pure  iiydroeklorie  acid  in  water,  of  equiil  acidity  to 
the  gastric  juice,  and  imder  yhailar  conditions.  He  found  tliut  the  hydro- 
chloric acid  inverted  uiuth  more  rapidly  than  the  giistrie  jiiieu,  whieh 
possessed  much  the  sci  ne  inverting  |iower  aa  a  jnolutioM  of  lactic  aeid  of  «(:[iwii 
concentration.  He  ai-io  found  that  gai> trie  juir.c  converted  starch  into  gmf»e- 
sugar  and  dextrin  niMch  more  slowly  tlmn  a  solution  of  hydrochloric  acid 
under  similar  conditio  is.  On  the  other  hsmd,  Sziiho  -  found  that  peptones  do 
indeed  interfere  with  the  action  of  dilut-e  hydrochloric  acid  on  stiireh  ;  hut, 
contrary  to  Lahorde,  f  nund  that  the  action  of  gastric  juice  on  stiirt!li  lies  in 
intensity  much  closer  ;o  that  of  hydrochloric  than  to  that  of  hu*tic  xvdA, 

3.  In  treating  of  the  digestive  enzymes,  it  has  been  seen  that  these  arc 

much  less  injured  by  hydrru^^  i-—  •  -*-' '  *- ^-^  of  albunioseftaod  pept-onejis, 

than  by  free  hydrochlor.  1  ows  that  hydrochlorie  aeid  io 

presence  of  albumoses  \  i  --^    s  if  it  entered  into   combina- 

tion with  them. 

4.  Berthelot  and  *  ^  Avhen  a  substance  which  is 
soluble  in  each  of  \,^  \%  conijjletely  soluble  in  each 
other,  is  shaken  up  wit  ents,  it  divides  itBclf  between 
the  two  solvents  so  thai  atitms  in  each  is  couBtant,  and 
does  not  vary  with  the  '  venU  used,  nor  the  amount  of 
soluble  material  used.  ihey  chilled  the  eoejreient  de 
partarje^  which  may  I  ^coefficient  of  distribution,"* 
For  example,  if  succini  ti  ^^i  up  with  water  and  ether,  the 
concentration  of  succinic  aci  '  I'ry  layer  will  alvvay.^  he  about  &ix 
times  as  great  as  in  the  etliereai  1  ^  ^  jo  matter,  within  wide  limits/^  what 
have  been  the  quantities  of  ether,  wal<*r,  and  succinic  acid  used  ;  the  co- 
eificient  of  distribution  is  here  six.  Mineral  acids  are  much  more  solahle  in 
water  compared  witli  ether  tluHi  are  organic  acids ;  accordingly  the  co- 
efficients of  distribution  of  the  mineral  acids  for  these  two  solvent®  are 
much  larger  than  those  of  the  organic  Eicids. 

Kichet'^  made  use  of  this  [mjperly  to  te.^t  wlictlier  jmre  ga.stric  juice  con- 
tains only  hydrochloric  acidj  <ti"  hyilrochlorif:  acM  |ilnj^  organic  acids.  He 
found  that  the  coefficient  of  distrihiUion  was  137*L  To  a  pc^rtion  of  the 
same  gastric  juice  he  next  adiied  l*iiriuin  lactate,  and  fuund  that  the  eo- 
efficient  was  reduced  to  li*9,  that  of  lactic  acid  ii^  S*H  to  1  TO.  This  exiieriment 
shows  that  the  acid  Iir,Kt  present  wius  a  mineral  acid,  which  aftervs'ards  dis- 
placed nearly  all  the  lactic  acid  from  ciiiubinatiQn,  iyo  that  in  the  second  ciise 
the  acidity  was  mainly  due  to  lactic  acid.  Kichet  further  added  s«>dium 
acetate  (a)  to  a  solution  of  hyiirnchhiric  jicid  in  water ;  (b)  to  gastric  juice  of 
equal  acidity,  and  found  tljat  in  tlie  tirht  cai^e  the  eoetiicient  was  reduced  to 
1-7  (practically  that  of  acetic  acid,  1'4),  while  in  the  second  caj^e  iha  co- 
efficient wa.s  only  reduced  to  5  to  5 '8,  Kichet  su]>[^ose.^  that  tlds  difl'erence  is 
due  to  the  hydrochlorir  acid  in  the  gastric  jui«  e  hcin^  combined  feebly  with 
some  other  subsUince.  When  auJIum  acoUiLc  h  added  to  hydrochluric  acid 
alone,  the  base  will  ])e  shared  between  the  two  acids  in  proportion  to  their 
mutual  avidities  for  it,  which  are  in  the  ratio  of  1  to  *03.     That  is  to  say,  about 

1  (/(/:.  mnL  (Ic  Paris,  1874,  Nos.  32-34,  pp.  399,  411,  422. 

-  Ztschr./.  phi/sioL  Chtin.,  Strassbuig,  1877,  IM.  i.  S.  140. 

•'  Jitii.  lie  chint.,  raris,  1872,  Sor.  4,  tome  xxvi.  p.  390.  For  a  complete  account  of 
this  subject,  see  Ostwald,  "  Lelirbuch  dor  all^'emeiiien  Chem.,"  Leipzig,  1891,  Aufl.  2, 
Bd.  i.  S.  809. 

*  Tliis  term  lias  )»oen  proposed  by  Gamgee,  **  Pliysiological  Chemistry,''  vol.  ii.  p.  97, 
as  well  as  "  coeffieient  of  repartition." 

^  Tlie  (piaiitities  of  solvent  must  be  so  chosen,  compared  with  the  quantity  of  soluble 
substance,  tliat  tlie  solutions  are  not  too  concentrated. 

^  "  Le  sue  gastri<jue  ebez  I'lionime  et  les  animaux,  ses  proprieties  chemiques  et  phy.sio- 

lof'iniips  "  T\aris     1S7H    i».   ;i7. 
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97  per  cent,  of  the  base  will  b©  combined  with  tbc  hydrocliloric  aeid,  and 
3  \y^x  r^tiL  With  the  aci^Lic  acid  ;  ol%  otherwise,  3  per  cent,  of  the  hydrochloric 
acid  will  be  free  and  97  per  cent,  of  the  acetic  acid,  sup[)Osin|Lj  that  eqnivalent 
qoAodties  of  the  two  acids  are  present  *  Soch  a  niixtnre  won  Id  poss&ss  only 
a  slightly  higher  coejicienf  0/  dhfi'ibuilon  tliEin  acetic  acid.  JJiit  if  tlie 
•»iium  acetate  be  added  to  hydrochloric  acid,  already  feebly  combined  with 
smnethiDg  ebe,  the  power  of  the  in  id  to  cotubine  with  the  sodium  will  l>e 
dimitmhecl,  on  account  of  the  tendency  to  remain  combined  with  this  suh- 
ituioe,  and  the  amount  of  hydrochloric  a^id  nncombined  witlr  sodium  w^iil  be 
ineiMsed ;  this  will  remain  to  a  greater  extent  in  the  w^iitery  layer^  ami  on 
tbiktng  with  ether  the  me0rmfif  0/  flisfrihufittn  w\\\  be  mnch  greater  than 
that  of  acetic  acid. 

Richet  fcmiid  traces  of  leucine  in  tlie  gastric  mucous  membrane,  and  be- 
lieves, mainly  011  this  ground,  that  tlie  hydrochloric  acid  of  the  gastric  juice 
i«  in  comhiniitiou  with  leucine  Ihit  there  is  no  goo<l  rejuson  for  going  so  hir 
^tld  to  seek  a  partner  for  the  hydrochloric  aci^l;  any  substance  in  ci.nubi nation 
with  the  acid  would  produce  anch  an  effect  as  Ricliet  obtained,  and  it  is  fur 
more  probable  that  the  hydrocbloric  acid  is  in  rumbination  with  the  albumoscd 
ci  the  gastric  juice  tlmn  with  lem  inc,  especially  as  leucine  bas  not  been  found 
in  gastric  juice,  and  hydr^^chlorate  of  leucitic  doe.s  not  act  a8  an  acid  to  pep-sin, 
as  shown  by  the  inability  of  a  mi.vture  of  the  two  to  digest  proteids.'- 

This  account  of  Kicbet's  work  lias  been  placed  here  on  account  of  tlie  bear- 
ing of  the  latter  part  of  it  on  the  question  of  tlie  comljination  of  the  hydro- 
chloric acid,  but  the  first  part  of  it  in  alHo  of  great  value  in  ahrtwing  that  /mre 
gifitric  juice  is  practically  free  from  orgaidc  acid. 

Organu:  acuh  p/rsaif  tlurivfj  nirhoht/Jrafe  dttjfdiofL — AUhiUigli  orjj:uiiic. 
adds  are  entiiely  aljatnit  in  }nuv  gastric  Juice,  or  at  int>st  are  only  picHunt 
in  traces^  thi.s  is  In-  iio  means  the  ca.se  during  digCHtiiUi,  e.sperially  uf  food 
rich  in  carbohydrates. 

Tlie  food  pusf^iiig  into  the  struiiaeb  during  a  meal  is  alkaline  in 
reaction,  by  reason  of  the  saliva  with  which  it  is  ubnndantly  mixed  ;  and 
in  addition,  dnring  and  after  a  miiiil  a  considerable  4nanlity  of  Ailiva  is 
swallowal  by  itself.  As  Pieaunmnt'^  and  others  Iiave  shown,  tliere  is  no 
se<»retian  of  acid  gastric  juice  when  the  stoinacli  is  empLy,  and  allhimgli 
active  secretion  begins  witli  the  arrival  of  tlie  first  porLimis  of  food  in 
the  stomach,  some  time  must  elapse  before  the  alkaline  reaction  of  the 
masees  of  fooil  and  siUivu  ia  neutral isei I  by  the  acid  of  the  gastric  juice, 
and  a  reaction  due  to  free  hydroehbnie  acid  establislied,  after  saturalion 
of  the  soluble  inoteid  of  the  food.  This  interval  i«  exceedingly  dirticulfc 
to  estimate,  the  delic-ate  colour  reactirtus  for  free  bydrochlorie  acid  being  so 
deceptive  in  a  heterogenenus  Ibiid  like  the  conients  of  a  stomach; 
vail  de  Velden^  states  tliat  it  varies  fnun  half  an  hour  to  two  hours, 
and  is  on  an  average  three-quarters  of  an  hour.  During  this  time  con- 
veision  of  starch  l>y  ptyalin  goes  on,^  and  in  addition  ba<derial  action 
begins  with  the  production,  from  the  carbohydrate  part  of  the  fofid,  of 
lactic  acid,**  acc(m)|kinieil  by  traces  of  butyric  and  acetic  acids, 

*  J,  Thomseti,  *' Thermocljcmiache  Untt?rsiii  Imug.  n/'  Ann.ti.  Phfjs.  ft,  Cltcm,^  Leipzig, 
1W9-1S71,  B<h,  cxjExviii.-cxliii. 

*See  Gainffpe.  '*  Fliysiohj^ical  Cliemistiy/'  vul.  ii.  pp.  \*7A>.K 

*  See  artiele  on  *'  Meclianisiti  of  Gjiistriu  .Secretion," 


*  Zttehr.f.  phifnol.  Cktin.y  Strassliurg,  18T8,  Bd.  ii.  S.  205. 

•  See  ujidcr  "  Ptyftlin,"  p.   32P. 


^  .  __  ._  p.   __.. 

^  Aoccnditig  to  Maly,  the  greak-r  part  of  the  kctie  a-i'l  is  tlu'  orJiriary  hit  tie  aoirl  of 
lenneutfttiaD,  but  this  is  accomiiaiiii'd  by  a  »iiiitllci  iiuaiitity  of  j>urt:nhittic  Luiil.  whii  h  may 
oommooAViy  be  much  increaaea  in  amount,  Jlcr,  d,  fhtthfdt.  rh^m.  tJcstiUch.,  UtTliti,  1874, 
8.  156  ;  Ann,  d.  Cfiem.,  Leipzig,  1874,  Bd.  dxxiii.  8.  221. 
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It  was  Vnv^  believed  that  this  action  was  due  to  the  gi'owth  of  the 
Bacillu>i  arid!  lactivi  on  su<^ar  only,  either  that  of  the  food  or  that  produced 
by  the  action  of  ])tyalin  on  tlie  starch  of  the  food.  Ihiicke  ^  luis  shown, 
however,  that  starch  c<an  be  also  chanj^ed  into  htctic  acid  without  con- 
version ]»y  ])tyalin,  ]>y  demonstrating  that  soluWe  starch,  erythrodextrin 
and  lactic  acid,  are  found  in  the  stomach  of  the  dog  after  a  meal  contiiin- 
ing  boiled  starcli.  Now  the  Siihva  of  the  dog  contains  no  ])tyalin,so  that 
these  products  must  be  formed  directly  from  starch.  Traces  of  sugar 
are  also  found,  and  l^riicke  sup])oses  tliat  sugar  is  first  formed  by  the 
action  of  the  hartrriiun  l)ut  innneiHately  iKH-omes  converted  into  lactic  acid 
by  its  furtlicr  action.  A  similar  change  in  starch  paste  takes  ]>lace  on 
standing  in  the  air. 

Goldsclniiidt'^  divides  gastric  digestion  in  the  horse  into  four  st^iges, 
wliicli  are,  liowever,  not  shai'j>ly  marked  olV,  l>ut  merge  into  one  another. 
(1)  No  ])r(>teolysis,  aci<l  reaction  due  to  lactic  acid.  (2)  Proteolysis 
and  amylolysis  }>roceed  together,  i>oth  lactic  and  hydrochloric  acids 
present.  (*5)  Sto])page  of  amylolysis  in  the  nnddle  part  of  the  stomach, 
in  tliis  ])(U-tiou  only  hydrochloric  acid,  elsewhere  lactic  acid.  (4)  Sto]>- 
pagc  of  amylolysis  everywhere;  hydrochloric  acid  (mly  present  in  all 
])arls  (»f  (he  stomach.  Kwald  and  Txjas^  describe  a  similar  state  of 
affairs  in  the  healthy  human  stomach  under  normal  conditions  after 
a  carb(»by(lralc  meal.  In  tlie  first  stage  (fr<uu  ten  to  thirty  minutes  after 
tlic  meal)  lactic  acid  alone  is  ])iesent;  in  tlie  sec(»nd,  lactic  and  hydro- 
chloric acids  arc  ]>rcsent  together,  but  the  former  i'a])idly  (lisa])]>ears  so 
soon  as  any  free  liydrochloric  acid  is  ]>rescnt;  and  in  the  third  st-fige, 
hydrocldnric  acid  alone  is  ]»resciit.  This  disai)pcarance  of  the  lactic  acid 
is  v(n'y  interesting,  as  showing  tliat  it  is  lapidly  absorbed  in  the 
stomach. 

(fflicr  /ji<u''/rf/n'c  ffi'if/s  frrr  in  purr  f/csf/'ir  jnlrr  hr.sirJrs  Jij/fl rocldorir 
nri(l,--\\  must  not  be  assumed,  IVom  the  usual  mode  of  stating  the 
results  of  r[uantitative  analysis  of  gastric  juice,"^  that  liydrochloric  acid  is 
the  only  iiKH'gauic  acid  ])i-escut  in  the  gasti'ic  juice.  All  the  ]>lios])horic 
acid  is  not  united,  in  the  gastric  juice,  to  calciuni,  luagnesiuni,  and  iron 
to  couij.lete  satui'ation,  as  usually  set  forlh  in  nucIi  analytical  results; 
no]'  ai'c  all  llie  l»ases  satui'atc<l  by  the  hydro(-hloric  acid,  and  only  that 
amount  of  liydiochloi-ic  acid  free,  which  i.s  left  o\er  after  so  saturating 
lliem.''  Su])iM.se  a  solution  in  watei*  of  neutral  chlori<les  is  taken,  say 
such  a  soliuioii  as  the  gasti'ic  jui<*e  would  be,  minus  its  fi(»e  hydrochloric 
acid  and  its  phos])hatcs,  and  to  this  ])hos]»h(»ric  acid   is  added.     As  soon 

J  i;rii.k.-.  s;h,'H'fJ..  .1.  /.-.  Ahid.  >L  iriss'p.^rh.,  Wi.-u,  1^7-2.  IM.  Ixv.  Al.th.  :}.  S.  I'Jrt  ; 
"  Vol  1. -Ill, ^.1,.'  \Vi.  n.  1  v^:,,  Anil.   t.  VA.  i.  S.  'Vl\.     S.-.-  .ils.,  W.  di'  Barv.  Jrrh.  i\  r.rju r. 

]',>!],.    /'.    l'l'n-nn,h,J..    Lrij./i^r,    hs.sG,    i;,l.    xx.   S.    'Ji:;. 

■  /J  <'!>,■.  f.  i>h>;>:i'J.  ('!>■.„.,  St^.ls^l.lll■_^  l-srt.  VA.  \.  S.  :;•;!.  S.-,- .jl<.i  l-:il.iil.tri,'.  r  an.] 
Horn, .]■.;,  ,.  .I..h.-.J>.  u.  ,1.  l-\.rfsr},r.  'I.  Ti' !  r-( '}.■..'. .  Wi.  ^l.i.l.i,.  1^^.'..  VA.  \v.  S.  li^l,  :;'il  ; 
]^m;.  i;  1.  vvi.  S.  •j.uO,  'lu\. 

■  r;rr!n„r\.  J,--'.;.-,  !->:..  IM.  .;.  S.  .:-:,;  l---;,  l;.l.  -iv.  S.  -71  ;  Kwal.l,  ^'Klinik  -It 
Voi.launii,-.!;:;u  !Ji.itoii,"'  l^'.'O,  VA.  i.  S.  s:;. 

'  S.r  ]i.  :;:.(). 

-^  'i'lii-  w.s  iD-ri  \y  .111  a --u;!i|»ti"ii  ina.lc  l^y  S.  i,ii;ii1t.  in  (•:•].  i'  t'>  courhiv.ivrly  show  tliat 
L'l-tri'  -lii'-.- (•   lit  lii;.-'!  .Ill  r\. ■(■--<. I  ;.y-!r«)  lil.-ri.- ariil  al  "\  .•  ,  v  ii //.  ^' liuaiit  ity.     Fortuiiatt  iV. 

rl,..  .■'...•.  <^  ..r  liyil...  Iil.-iir  ,i,i.i    w.lx   ^"il.lli.'iflit    tn   ,ill..\V  Schini.lt     to    '/\\-r    Tlli-^    IV. ill)    of    IM-.'of; 

l»iit  it  til-'  "jiMiitity  <•}  |ili.i-.i.li,-it.  -  lii'l  l.'-.'ii  i:;.:iT.  r.  nr  iIm  .'x.'.'x^  (,t  liytle.i-]il..iic  aci-i  Ir.^'s. 
S'-linii'l'"<  jiro-Tvs  ii.i.jlit  "M-ily  hav--  yi<-lcl..|  ,\  nr^jiliv.-  i.^'ilt.  ainl  y<'t  tln^  i^a^tii--  J'--'''- 
liavr  -■oiil  iiiir:l  t'l-.  livd:.  .lilorii-  a.-i'l  :*iii.l'-  d.  tli.>  iiia-^M-i  .•.|;ii\al."iit  in  (  IiImuu.'-  ,.1  tli<'  ti-l  il 
l»a-rs  iiiiu'lit  li.iv  ln'cii  ^n-iti-r  tliaii   tin-  t  >t  il  quantity  of  flilnrim,'  j.n-.si'ut.  :\iul   sitiil   tli»Ti* 

ini"-!!!    liaVf  li.'.ii    W^v  liviltoclilni  i-    wi.l    iu-»'>,r>iit- 
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at  the  ph«3t5pliorie  aeid  ]>tXKses  into  aitluUnn,  it  do  loniu^or  reniaiiiR  presoilb 
•8  free  jihospliarie  acid,  in  the  auimmt  tn  wliith  it  Iiuh  lieeii  added,  but 
reacto  with  tlie  otlier  salts  prenent  in  sulutioTi,  di.s]daciiig  \i  (k* Unite 
amount  of  each  laelal  fmui  i^iniiliinatinii  with  chltmne,  thii«  .setting  tree 
hT*ln>chloric  acid  ami  fnrmiuj^  ]4iiispliate.s,  bo  that  there  eomea  to  be  in 
solution  free  hvdrni-hlitrie  acid  and  free  phfKsphoiic  acid,  coHihiiied 
phosphoric  acid,  and  coiJil lined  hydriichlmii'  acid  (that  i.s,  chlnridcs  and 
phovsphates).  When  a  pulyhasic  acid,  such  as  i>h(jsplinric  acid,  is  present 
in  solution,  the  matter  i>s  somewhat  further  complicated  by  there  behig 
certain  steps  between  free  acid  and  combined  aci^l,  namely,  acid  salta ; 
tiieee  also  are  represented  in  the  distribution  of  bases  among  the  acids, 
m  that  there  are  in  solutiim  free  acids,  acid  salts,  and  neutral  Halts.  In 
pare  gastric  juice,  then,  the  acidity  is  in  chief  due  to  hydrochloric  acid, 
but  also  in  |>firt  to  a*  id  iJiosiihates  and  phosphnric  acid,  mid  the  amount 
of  each  of  these  free  is  perfectly  deternnnate,  ami  det>ends  upon  the 
tmount  of  eacli  Vtase  and  each  acid  ]>resent.  For  one  iixed  diistribntion 
unly  can  there  lie  chendc^il  equilibrium  in  the , solution  ;  the  introduction 
uf  any  salt, acid,  or  base  into  tlie  soluLii>n  will  alter  this  equililiriuni.and 
a  new  diEtributidn  to  suit  ihe  new  comlitinns  will  occur,  givin^L,^  rise 
again  to  etjuilihriunh 

The  facts  ntated  ab<»ve  fnllnw  din^ctly  frtnn  Thomsen's  ^  'vavidity 
law/*  ThonjBen  arrived  at  tins  law  by  coni|i^irin^^  the  amount  of  heat 
eel  free  when  an  eriuivalent  weijjjht  of  a  base  uniles  with  a  mixture  of 
equivalent  weights  of  two  ililTerent  acids,  with  the  ainount  *set  ir^V:  when 
it  condjines  with  earh  acid  sepurnte*lyr  The  law  is  that  nu  acid  in  solu- 
tion is  crinibincd  with  the  bases  present,  iu  the  complete  ex<dnsion  uf 
1  other  acids,  however  weak  (an  it  is  popularly  exjiressedK  which  nmy  be 
aimultaneoufely  present  in  the  snhvtion;  but  the  at-iils  share  the  basen, 
according  to  their  tlitferent  avidities.  Tbnuisen  worke<l  lait  a  nunilier  of 
avidity  coetticicnts.  Those  nf  the  or«^EUvic  acids  are  uiuch  smaller  tlian 
those  of  the  inorganic  acids.  Tlnrs,  tfikinji,'  the  avidity  coctiicieid.  of 
hydrochloric  acid  as  unity,  that  of  nxalir  a(  id  is  i!r»,  tartaric  acid  05, 
acetic  acid  'Oo.  These  cnetlicieuts  mcan^  U\v  cxamjih',  that  if  one 
equivalent  each  of  scmUc  hydrate,  of  hydnichlnric  acidjrnd  of  oxalic  acid, 
lie  mixed  in  solntirui  lo|^ether,  four-tifths  of  the  base  is  cuuibineil  with 
the  hydrochloric  acid  and  one-fifth  with  the  nxulic  a<'itb  ami  con- 
sequently one-fiftli  ni  the  hytlrnrhbiiir  acid  is  free  ;oid  l't>ur-liftbs  nf  the 
oxalic  acid. 

Maly^  has  alsft  shown  tjtfffiilafin/tf,]ty  a  nir'thod  of  dilVnsion,  tliat 
this  dJHidacement  of  a  strong  acid  {t\(\  acid  with  a  largt*  avirlity  co- 
efticient)  by  a  weak  acid  (acid  witfi  a  small  acidity  r-oelHriciit)  takes 

*  **  Tliemiodi'^niische  UnterKUchungfii/"  Attn.  iK  Phijs,  if,  CfntH,,  Ivrirzii^,  1869-71, 
iil«.  cxxxvitu-cxliii. 

*  Let  a  l>f?  tho  amount  of  luat  in  hpjit  vniiLs  ilrvclojMMl  wheii^  my,  nin?  r?<jnivnUMit  of 
N*OH  in  ^rtimnies  coml.ines^  wilh  ohd  inUvMk^nt  «vt  IICl,  icni  f*  tlivU  wlnii  it  oonibiiies 
with  »ii  cqttivftlent  of  HNOjj,  c  tltat  wlieit  it  jcii'tiiilly  (joTuliitH-s  with  .*  mlvtnus  of  one 
fiqtiivAleiit  of  HCl  and  one  4'qiUval<'iit  of  IlNfJjt  n-t"'^"  1^'t  -f  !»<'  tin*  OiUJitioii  vvliich  catnljines 
with  HCl.  Then,  since  a  is  thi^  anioiiiU  nt  boat  sf»t  trrc  ulien  a  wlifjle  f<iiiivalent  of 
JfnOH  unites*  with  HCl,  a  j"  will  be  thsit  srl  fipi'  uhf'ji  tlic  (r.urioTi  ''  nunliiiietj ;  HimiUniy 
6(1-^)  wil\  he  the  amount  ,'-et  free  by  the  miubiTiation  of  \\\i^  Jriition  (1  ~  .r)  \ulh  UNO,; 
the  foiii  of  these  two  oeist  n|ual  f,  the  amount  of  luat  artiiiilly  olisiTVoa  ;  thirf^fnre  rt  j'-f 
^(1  -r)=f,  from  wbidi  ^  ana  I  -x  can  In'  detcnniiiiui.  Hniriutiu  Ls  tlic  m<iH.HiTt'e  of  the 
aridity  of  the  two  acids  for  t:omhiniii;jj  with  the  basi\ 

*  Ann,  d,  Chtm.,  h\n\^\^,  1^74,  IM  rlxxiii.  S.  2nO ;  Situnijsh,  *f.  A.  Ahtih  d, 
fVisatiueh,,  Wien,  1874,  IlrL  Ixiv.  Abth.  3,  S.  251  ;  yjHdi,\  f,  i>hu^hL  Vhnn.^  Stiasijbiirg, 
1877,  Bd,  L  a  17J. 
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place  in  solutum.  e  disnolved  sot  lima  cliloride  and  Inrtir  acid  together 
in  water,  placcil  the  Rolution  in  tlie  hottom  of  a  cyHndrieal  vefiwel.  and 
then  carefully  poiued  a  layer  i»f  distilled  wnter  on  tliei  top.  After  Bfjrne 
days, part  of  the  iipijer  layer  wag  reiuosed  and  analysed  ;  it  was  fonnd  to 
contain  more  than  sufficient  chlorine  to  balance  ^\\  the  wndiiiiii  yire^ent ; 
that  is  to  say,  it  contained  free  hydroehlorie  a«'i"l.  i^liidliir  rewidts  were 
obtained  with  a  mix  are  of  iiioiiosniliuni  ]»ho.s|i1iuiej  inid  otlatr  acid  KitUB, 
in  common  sohition  ^vith  Biidiuni  eliloride. 

These  results  of  Thouisen  and  Maly  will  \n 
discussing  the  nKnle  of  oHpcin  of  hytlrncldnrie  acid, 
here  to  show  that  any  weaker  acids  in  ^^jai^trie 
hydrochloric  aeid  mud  in  nart  bo  nneonihineil 
present  during  digest iu  ti 

and  as  these  have  verj  i 


a^^^aiu  referred   to  in 

Tliey  are  itittodticed 

jiii(*e  along  with  tlie 

Any  ori^iinie  aeidn 

free  and  in  part  coriibineiL 

^»*    aretl  with  liydroeldnrie  aeid, 

as  a  hearing  of  Hunie  imj^ort- 

maeh  by  liaeterial  action  on 

I  will  nut  reduce  tlie  amomit 
c  acids  eutering  t!ie  stomach 
iiiy  due  to  free  Iiydrneliloric, 

II  i)e  fornied^  by  bych^Qchkiric 

'  possible  source  of  eblr>rjnc 

I  this  either  directly,  or  itidirt^^tly 

U  uinnt  neeewRarily  have  ita  origiiu 


they  will  be  alnnjst  eo 
ance.  Any  organic  a 
carbohydrates  will  be 
of  free  hydrochloric  a 
with  the  food  will  I'^ii 
because,  from  the  ra-g, 
acid  combining  with  1 

Source  of  th*'  hff^lru  ji^ 

lies  in  the  chloridej^  of  i„,^  j,        ni 
through  the  bbuHh  tlie  hydruenin 

That  the  chlorides  preneut  in  tlu*  hlofKl  pkis^ma  aro  tlicsunree  uf  the  acid, 
has  been  experi mentally  iiroved  by  Voit-  sjikI  Cdni.^ 

Following  a  method  first  used  by  Yuit,  Cahn  fed  ilogs  exclusively 
on  meat  whicii  liad  previuusly  iiad  all  its  salts  extrarteil  by  lioiling  it 
repeatedly  with  distilled  water.  An  animal  fed  in  this  niamier  eontiinies 
to  excrete  a  diminishing  quantity  nf  ehlnrides  in  the  urine  for  a  i>eriod 
varying  from  two  to  five  <lays.  After  this  unly  traces  of  chlorides  are 
found  in  tlie  urine,  Imt  the  tissues  and  blood  still  cling  on  to  their 
necessary  miniunnii  quantity  of  chlorides,  digestion  goes  on,  and  the 
animal  lives.  At  this  period,  if  the  contents  of  the  stomach  are  washed 
out  with  distilled  water,  the  secretion  is  found  to  contain  free  acid  and 
to  possess  digestive  power.  If  now  the  animal's  reserve  stock  of  chlorine 
be  still  further  reduced  by  administering  diuretics,  such  as  potassium 
nitrate,  which  cause  some  additional  chlorides  to  l)e  excreted ;  or  if  free 
hydrochloric  acid  1)0  repeatedly  removed  by  })um])iug  out  the  contents  of 
the  stomach  with  the  aid  of  distilled  water,  a  condition  is  finally  reached 
in  which  the  stomach  secretes  a  completely  neutral  fluid,  which  is 
altogether  inactive  so  long  as  it  is  neutral,  but  quickly  digests  fibrin  if 
1  part  per  1000  of  hydrochloric  acid  be  added  to  it.  When  this 
stage  is  reached  the  animal  rapidly  fails ;  but  if  a  small  quantity  of 
sodium  chloiide  be  now  given  to  it,  it  ra])idly  recovers,  and  soon  becomes 
in  every  respect  normal. 

This  experiment  also  shows  that  the  secretion  of  pepsin  is  inde})end- 
ent  of    that  of   acid,  and  that  in  the  a]>sence  of   hydrochloric  acid  im 

^  111  fact  will  slightly  increase  it  by  combining  to  a  certain  extent  with  the  bases  of  the 
clilorides. 

Sitzungsh.  (f.  k.-haijer.  A  lead.  d.   jrUscnsch.  zu  Miivchni,   1869,  V>(\.  ii.   S.   483.     See 
...iv....     j>^:*..    J    n/.. .„;..;    n     t...?...:..^    „    /v. 7.,,-/../      t  ,.;..-.: ^    icu- 


also  M.  Gruher.  Jicitr.  z.  Plii/siol.  C.  Lmliri^i  z.  s.  <!rhurt<t,,  Lcij>zij 
^  Ztschr.f.  jihiisloL  Chcni,  Strassburg,  i88t3,  B<1.  x.  S.  .'.22. 
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liclic  acid  or  other  ortfHiiit*  and  is  forrueil,  whioh  (li«pinves  \\\^  theory 
that  lactic  acid  is  first  fnriuLHl  \\\m\  tlieii  dt'(_"(>iiij>nse8  Hodium  rhloride,  so 
fanning  free  hydnK'ldoric  at*id,^ 

It  may  here  he  pointed  nut  that  experiments  have  Ijcen  made  hj 
Nencki  and  Schouniova'SiinannwRky  ^  to  aRcertain  the  poHwihihty  t>f 
replacing  tlie  ohlorine  hy  other  lialugenFi,  ho  as  to  form  hydrolaonde  or 
hydrioilie  acids.  These  oxi>f:'riinent8  were  perf<frmed  on  do^^s  operated 
on  by  Fawlow'H  laetlioil,^"^  and  the  animals  were  fed  with  food  in  whieh 
doiliuiB  eIilorid(*  was  as  far  a«  possible  ah.sent.  Some  had  added  to  tlieil' 
fofKl  sodium  Itromide,  others  sodium  iodide.  The  administration  of 
SiKlium  liromide  reBidted  in  tlie  aiiinadn  ]>eeonHng  so  ill  after  a  week  or 
80  that  the  exiieriiiiejits  had  to  eea.se.  The  i^astrie  Juiee  was  secreted  as 
before,  hut  the  hydrochlra'ie  aeiil  was  iMrt^ely  rejilaeed  l»y  hythxjhrondc 
aciiL  In  the  e^ise  of  those  doi^s  to  which  sudinni  ii nhde  was  axhoiuisLeretl, 
ihraigh  lesa  j^eneral  disturhtmee  resulti-d  frotu  the  iidministratiou  tlian 
wai$  the  eane  witli  sodium  hroinide,  yet  the  innnuiit  of  hy<hioihc  acid 
repkeing  hydroehloric  aeid  was  very  small. 

Ile^ipi'oeity  hetwem  thf  ^errrtimi  of  hffdiOfhlm'w  miff  aiul  i/tc  rravlwn 
of  iht  uriiir. — That  the  hydroehlorie  aei^l  of  the  rraHtrie  juiee  iw  formed 
froDi  the  eldmides  of  the  liloo^l  plnsniii,  iw  likewise  shown  by  ^laly'.s* 
observation  that  at  tlie  same  period  after  a  meal  at  whirh  the  serrelioii 
of  pistrie  juiee  is  at  a  maxiiinmi,  the  acidity  of  tlic  uiino  is  at  a  miuinuiiUj 
and  may  he  replaeed  hy  au  alkciline  reactioir  One  functitjii  of  the  kishicya 
is  tc*  preserve  unaltered  in  de^nee  the  alkalinity  of  the  hlo(KL  If  nt>w 
neutral  saltn,  sueh  as  sodium  ehlmide,  lie  removed  from  the  blood,  .split 
up  in  some  manner  by  the  aoen<y  of  the  oastri(s  |ilaud  (ell  intri  hydro- 
cMorie  acid  ami  sodie  hyih*at(%  nf  wliic  li  the  hydroLhhuic  aeid  is  sent 
towards  the  stouiaeh  cavity,  while  tlie  alkah  is  expedited  in  tlie  opposite 
direction  Imck  to  the  hlood  stream,  it  follows  thnt  tlie  alkalinity  of  tlie 
blood  will  l*e  iuerea4?ed.  Hence,  to  preserve  etpulihrium,  the  kidneys 
must  excrete  a  less  jiroportiou  of  acid  sidts,  or,  if  the  rate  of  iuereasing 
alkalinity  of  the  blood  demands  it,  nnist  se]tarate  au  alksiliue  tbiid  frotji 
the  hlood.  TTuh  is  ex|>erim<ndjdly  found  to  be  the  ease.  Under  ordinary 
circumstanees,  the  kidneys  preserve  tlte  constant  value  of  tho  alkalinity 
of  the  blood,  by  excreting  ]>hos|4iates  of  the  jdkalifs  so  projHsrtioncd  that 
the  reaction  is  acid,  but  dining  active  digestion^  li  to  4  la»urs  after  a  full 
meal  such  as  dinner,  the  relative  amounts  of  bases  and  phosphoric  acid 
are  so  altered  that  the  reaction  becmues  neutral  or  faintly  alkaline,  (>r,  as 
it  is  often  commonly  but  not  ymv  exactly  ex]>ressed,  iu  the  tirst  casn 
monoftodic  phosphate  (NalLrOV)  is  set  ret rd  with  acid  reaetiou ;  In  tlie 
second,  disodic  ]ihos]iiate  NadlPO^  witli  nlkaline  reactiorK^ 

Thi^orles  (m  to  (hr  mtuk  of  ariffhi  of  ihr  lii/tlntf'hittnr  tttirL — JIany 
ingenious  theorien  have  been  ju'ojHjsed  to  accouni  for  llic  s[ircitie  fnuetiou 
of  the  gland  cells  of  the  struuach.  of  s]ditting  up  sih  h  a  stable  substance 

'  S«e  f>.  352. 

^  Arm./,  ^xprr.  PMh.  u.  PIuinnakoL,  Lii[»/i^^  l>^fil.  lid.  xx\W,  S.  313. 

*  See.  artkle  on  *'  M<^^  hunisFti  of  Gjintr^'  SrtiTtion/' 

*  Ann.  d.  Chem*f  Leipirfp,  1874,  IM.  clxxiii.  8.  232.  See  tilso  Quiinke,  Jfthrcsh.  it.  rf. 
FtrrUchr.  iL   ThifrCinm.,  Wiesbaden,  IS?  I,   l',il,  iv.  8.  241;  8tdii,  iLttL,  1S7«,   IM.  vl 

*The  r«*ctian  will  really  vary  iio<.»oiiliii^  t<i  tlir-  n'Ialiv<'  (inicniTita  of  Uhhc  and  aeid 
prra^it,  Mon<f»Hodit'  phf>?^(»littt«  alone  diHSolvril  in  wiitii  lias  an  acid  nartiou,  itisodic 
phci*piiAt«  siniilarly  has  un  alkaline  leut-titpn,  jiud  (iiJxtuir.H  in  vaiyinjtj  projuntiujis  van 
DAVe  acid,  neutral,  or  alkaline  reactitm.  In  a  ['nniphx  fnixlure  sin  It  as  nriiH",  no  oni'  can 
§my  U>  wbat  the  reaction  h  due,  Inii  only  tliat  rhyro  h  an  exct-ss  of  alkuli  or  arid. 


I 

I 


360         CHEM.        ?F  OF  THE  DIGESTIVE  PROCESSES. 

as  sodium  cliloiiti  f  forjiiing  such  a  8lrung  iLciti  aa  hydraclilaric  acid  in 
in  the  face  of  the  ait^aUnity  of  the  bloody  and  of  deteriJiiuhig  an  alkaline 
stream  towainis  the  »lnod  and  au  acid  stream  towai'ds  the  lumen  of  the 
gland. 

The  oldest  theory  wiiiS,  that  the  procesn  waH  an  olectrfdyLie  one, 
Blondlot^  suppoiseil  tliat  by  electrie  agency  sotUum  cliloride  in  tlm 
stomach  wall  was  b;  oken  up  into  sodic  hydrate  and  liydrochloric  aeiil 
(in  the  langimge  oi  tc»-day.  hy<hT*lyRed,  NaCl  + H,O^NuHO+ HCl),  ■ 
The  free  acitl  then,  for  tin*  njo8t  part,  aeted  on  the  c-aleiuin  plmj^pbate  I 
of  the  bluodj  furming  acitl  pho8i>hate  and  a  trace  of  phosphoric  acid, 
while  a  trace  of  liyclrochluric  aeirl  also  reiiiaincd  free.  To  8ueh  a  uuxturt* 
of  acid  Hubstances  (luainly  acid  culciuia  phosphate)  be  aaenbetl  the 
acidity  of  gsistric  juice*  '*  'i  '  '  ludeic  phosphate,  tjua}jeiided 
in  a  solutiiin  of  sodiui  ?  *,«    aed  to  have  obtained  such 

products  a.s  \m  theory  2onsidereil  that  tfie  energy 

required  can  a;  from  t  >us  energy,  modified  to  this 

purpose,  and,  adiuitti:  Jot  cxpheable,  enin|iiired  the 

effect  to  other?^  called  e.HUcfi  as  the  eleetric  effects 

in  the  ek^tric  end-orgi  alao  coni^idered  t!ie  secretion 

of  acid  more  arjalr^goii  ;o  any  other  known  procesa 

Lussana^  j^uppt^se*!  th  Btuuuich  a  decern p4 mi t it 1 11  of 

the  salts  \\\  tlic  ])htsn  tlie  [iroiK>nderating  iwirt  of 

the  free  aci<l  nf  the  g^i&  %  jjcidoric,  HJmplv  l>eciuis:ie  by  far 

the  greater  ]»art  of  the  mix        '  '  suja  ar<*  eldorides.     He  tried  to 

test  Ills  th^'riry  \\y  intravenous  iu^^^^..l..j  of  njdtn  nut  present  in  quantity 
in  blood  jiia,^nia,  %\w\\  as  sulphata^  and  jjlmsphates.  lie  did  not, 
however,  ubtain  the  coiresponrUng  acidn  in  the  gastric  juice,  except 
in  the  case  of  )iurax  and  t:irtar  emeiie,  wiUx  iojeeti^ai  of  wbieli  traces 
of  ])oric  \\w\  tartaric  urids  re;^pectivcly  wnc  fmind  in  tlu*  g;>^ll i  jui('t\ 

Buchlieim*  suggested  that  the  chlorides  of  the  plasma  combined 
with  tlie  protcid,  so  that  the  metal  combined  with  one  proteid  molecule 
and  tlie  acid  raiUcle  with  another;  the  latter  combination  being  absorbed 
by  the  acid-seerctiug  cells  and  lu'oken  up  there  into  proteid  and  acid. 

Tlicsc  older  theories  can  at  best  be  only  regarded  as  mere  specu- 
lations ;  tlicre  is  absolutely  no  experimental  proof  of  them.  Nor  can 
we  lay  cl;iiiii  at  the  present  day  to  a  complete  knowledge  of  the 
l>roccss  of  secretion  of  hydrochloric  acid.  Only  thus  far  the  progi-ess 
of  physical  chemistry,  and  a  more  exact  knowledge  of  the  laws  of 
solutions,  has  brought  us,  that  w^e  no  longer  need  look  upon  the 
productiiju  of  hydrochloric  acid  by  the  animal  organism  as  a  chemical 
wonder.  The  secretion  of  hydrochloric  acid  is  still  a  mystery  as  great 
as  tlie  secietioii  of  pe])sin  or  any  other  product  of  cell  activity,  but 
no  greater. 

To  the  clieiiiisl,  ])efore  the  therinocheniical  work  of  Thomsen,  and 
the  dillusioii  ex])eriiiients  of  Maly  already  described,^  and  when  he  was 
ac(iuaiiit(Ml  witli  no  other  means  of  setting  free  hydrochloric  acid  from 
its  salts  than  the  electric  current  or  dis])lacenient  by  a  stronger  acid 
such  as  suli)huiic  acid,  the  occurrence  of  hydrochloric  acid  in  the  gastric 

'  '*Tiaitt'  aunlvtique  de  hi  difjt'.stion,"  Nancv  ot  Paris,  1843;  Jahresh.  it.  d.  Fortschr. 
il.  fjrs.  MnL,  Ell  I'lj-pn,  l>sr,l,  Ikl.  i.  8.  97  ;  UjS,  Bd.  i.  S.  ;37.  Sec  also  Ralfe,  I^ncrt, 
Loiulon,  1N74,  vol.  ii.  ]).  21». 

-  "Vorlcsun^reii,"  Wicn,  188'),  Aufl.  4,  Th.  1,  S.  307. 

^JaJirrsh.  it.  d.  Fortscltr.  d.  f/cs.  Med.,  Erlaiigcn,  18*j2,  Bd.  i.  S.  110. 

•*  Arch.f.  d.  rjcs.  Physiol.,  Bonn,  187G,  Bd.  xii.  S.  332.  ^  See  p.  357. 
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juice  was  an  ujisolvable  ridille.  IJut  wlit'U  TIihiusijh  li^ul  slu>wo  that 
the  weakest  aeiil  in  in  soiae  measure  capal4e  of  clispLieini^  lIr-  Htrongest 
from  it«  salts,  and  Maly  that  l>y  a  siniiile  proeeHW  of  ililTiisinti  this  stiniig 
acid  may  be  afterwards  sejiiirated,  the  suhjeet  afisuiued  a  dillereiit  awpect. 
It  was  no  longer  necessary  for  the  cell  to  Ije  endowed  with  Rome  force 
of  sufficient  intensity,  to  directly  break  up  such  sUhle  wiilistanees  as  the 
alkaline  chlorides.  All  that  was  niieesfiary  was  tliut  the  cell  should  be 
able  from  the  or<faiHe  material  at  its  dispusal  to  fnrm  an  ointanir  acid, 
and  afterwardi^  to  ntpidly  excrete  the  Hiuall  fraetiou  of  hy<hnehinric 
acid  fornied  by  the  intenieti<iH  between  this  ori^aide  acid  and  the  iiential 
chlorides,  80  that  a  fresh  i[uautity  of  hydnichlorie  acid  may  l)e  formed 
by  the  mjis8  action  of  the  remainder  of  the  organic  aeul  on  the  remainder 
of  the  chlorides.  The  organic  salta  so  formetl  r-aii  then  4lut;om]»ose  by 
c«ll  activity  into  >>rganie  acid  and  l>ase  again,  and  llie  base  be  retvirned  to 
the  IdiMxl  stream.  Since  gastric  jidce  is  not  aceonjpanied  by  an  organic 
acid,  this  must  he  retained  in  the  cell  and  iinhice  a  c(jnti noons  cyclic 
chaxige.  It  \s  thus  possible,  with  the  aid  of  the  new  facts  of  physical 
chemistry,  to  see  that  the  pnw  ess  of  secretion  of  hydrocldmie  acid  can 
be  reduceil  to  the  same  level  as  that  of  the  secretion  of  any  i»rganic 
matemh 

Thih\  however,  b  bnt  a  Hmnll  porlion  of  tlao  f^ntirc  pnibh^m.  As  Btrngc 
say*:  **  In  the  appearance  o{  the  free  hytlro*  hlorii;  acid  lies  aothiiiLj  puzzhag, 
PaizlLng  only  is  the  piwi^r  of  the  cpithflial  ccU  t!>  stiwX  tin-  hy<b<K'hIniir  iu  id 
freed  from  the  tsodiam  rhloride  streaming  filways  ia  one  dircftiou  towurd:^  the 
lumen  of  the  glanci,  and  the  f^odiuia  carbonate'  sinoihaaf^oiisly  fnTaiiHl  always 
Wk  in  the  op|M:>s^ite  *lirection  triwards  the  lyail'h  and  bhunl  rliannels.  But 
nich  a  puzzle  we  meet  every  where  in  the  \Wv\v^  tis.siie.  Kvery  cell  posscsi^es 
the  power  to  di^jjose  nf  material  in  a  siiihdile  njiuimr,  attrartint:  <fr  reppllin^ 
it  anil  sentliiig  it  streaming  ia  dillereTrt  dir<"etion:^,''  - 

Maltf's  ituory, — Maly  has  attcnj]»ted  to  bnild  00  a  janely  ]»hysicid 
Ijasis  a  thcfiryof  the  formation  of  byitrocblorii'  acid  fiom  ibe  rbliMides  i>f 
the  blood,  of  which  the  following  are  Ihc*  oui  lines  : '^— 

1.  lliere  are  no  fltrf>niim/ff/  alkrdine  sails  in  the  l>liHjd.  WUnnl 
plasma  (*wes  its  alkalinity  to  two  t/utifrJirffJIi/  acid  salts,  di-sotbc 
phospliate  (Na.HrU|),  and  sodium  bicarbonatrt  (Nalinj.);  besides 
these  two  acid  salts  plasma  contains  excess  o|'  carbonic  uvul. 

2.  Disodic  i*bosphate  in  presence  of  calciinn  chloride  birms  some 
free  hydrficlilonc  acid,  thus :— :U 'aCL+L^NaJirtJ^^la,^?* »,b+4\a('H 

Chietly  from  the  facts  abuve  slated,  IVJaly  su]>poses  Ibat  by  the 
uileraction  of  these  lltrofrfkali//  acid  salts  of  the  plasm;i,  on  the  cldiiridcs 
present  with  them  in  solution,  traces  of  bydrocblorit'  ncid  are  formed; 
these  traces  of  bydrocldoric  acid  are  rajiidly  rcmovcil,  on  ;ic(  uimt  of  tlu> 
liigh  difl'usibility  of  iiydrochloric  acid/'  by   the  gland-cells  which  at^t  as  a 

*  Bauge  is  cJonsidfriTig  the  liyrlrodilrnic  aeiil  as  set  Uve  hy  tht)  avium  i>f  farbuiiii'  aiiiL 
'Somewhat  freely  trunjilated  fioin  Bimge,  '*  Ijclirlnuli  dor  plivsinl.  Cheniii'/'  Liip/ig^ 

1S9I.  Aufl.  -3,  S.  HS. 

*  AWtraeted  from  Maly,  lltriiiniinH  "  Ilaiidbycli/'  IJd.  w  (2),  S,  <J<J, 

*  R.  Pribram,  Jaliresb.  li,  d,  ForUchr.  tt  ThkrVium,,  Wit^hailfii,  isn,  IM,  i.  S.  \n~  ; 
Cerla^h,  ibid.,  1873,  IVl.  iii,  S.  109. 

^Grmbaiii  lias  kIiowii  that  t\w  foe  aride^  dilfuso  tiioio  ta[>iilly  ihau  lluit  saltH  ;  IK 'I 
diifuiiiig  thirtj-four  tiinen  ns  ra|»id1y  hh  NiiL'l.  f  Iruham  wjin  also  ih*  iJr.Nt  to  ^^Ijuvv  tUiit,  hy 
diflfiuton  of  acid  tK)f^8aium  salphat*^,  Hulptjuiic  nciJ  \va,s  oht;iiiied  in  ihv  dinlyHtitis  whilr 
normal  sulphate  romainefl  h?!iimK 
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perfect  diffusion '"  mratus;  on  the  removal  of  the  hyilrocliloric  aciil, 
fresh  acid  is  fonnt  1  hy  further  iuhbh  action  on  the  ehloritles.  TIr* 
kidneys  or  sweat  ghi  kIs  prohably  tin  nut  ho  secrete  hydrochloric  acid, 
because  they  are  not  such  perfect  dilfusion  arniiigeinentB  as  the  gastric 
glands,  and  cannot  Ijrhig  abo\it  Huch  a  molecular  separation  as  the  latter,. 

Objections  to  MuI/b  tkforif.~l.  Modvni  woi-k  haa  Bhown  that  the 
alkaline  reaction  of  theotrtkalJtf  mnd  Hsilti?  ia  proliably  due  to  ti  hydro- 
lysis taking  place  on  solution.  Thus  on  iliHSolving  flrtdium  Incarhonate 
there  are  formed  soilic  hydratf?,  and  carlionie  acid  (NaHCO.j  +  HJ  i^NaUlf 
+  H2CO3);  and  tlic  Bodic  hydrate  heing  a  powerful  Imihc,  ajid  the  car- 
bonic acid  a  \H(^ak  aeid,  one  ei[uivalcnt  at  the  lias^c  more  than  halancea 
two  of  the  acid,  and  the  reaction  is  alkahne.  On  the  other  liantl,  when 
acid  potassium  suljjliat^  1  one  equivalent  in  eolution 

of  a  strong  baj^e,  arnl  ti  *  a      ron;^  acid,  and  the  reaction 

is  acid.     Such  an  hy*''  f»f  the  alkalies  also  takes 

place.     Trisodic  ]ilios  dent  iff  hane  to  <ine  of  aciil, 

and  the  reactinn  is  in  ,c  phosphate  yields  only  two 

equivalents  of  iiaHc  t  le  reaction  fs  Btill  alkaliiia; 

while  monosodie  pliusi  idvaleut  of  iniHe  to  three  of 

acid,  and  at  laKt  the  r  jtture  nf  mono- a  nil  di^^idic 

pliosphates  in  ]a-nper  leutraL     In  faet,  after  these 

salts  are  dissolved,  tlk  »  ich,  hnt  there  are  j>rej?eiit  Iti 

solution  bases  and  aeiu  m  .iiraiion.s,  and  the  rcaetiun  of  the 

solution  will  depend  oji  wi         t  ♦c  acts  mogt  strongly  on  the  in- 

dicator. Now  the  !mlro]y.sing  eheet  on  tfio  in^utral  mlts,  cldorides^  etc, 
(if  such  are  alsn  prcHent  in  Hulution),  uf  theN'  8o-called  acid  salts  must 
closely  resemble  thiar  cllect  rm  the  indieatur. 

Whether  there  will  be  a  tt-ndeney  to  fniniation  nf  hydrochloric  acid 
or  not  from  sod iiun  chloride,  will  be  determined  by  whether  tlie  attraetinii 
of  tlie  acids  (plitisphoric  and  carbonic)  tor  the  Ui&e  18  gi^ater  or  less 
than  the  attrac  tinu  uf  the  l*ases  for  tl)e  hydrocldtjrin  acid.  Hie  reliction 
of  tlie  solution  of  ]Jio.sphnteji  nnd  rarbonate.n  in  the  plawma  \t^  alkalin(F>, 
which  sliows  that  the  latter  is  the  case,  and  that,  therefore,  there  will  be 
no  liydrocldoric  acid  formed. 

2.  II1C  continuous  formation  of  hydrochloric  acid  by  a  reaction 
between  disodic  phosphate  and  ciilcium  chloride  is  impossible,  because  it 
necessitates  the  formation  of  insoluble  tricalcic  phosphate,  and  as  the 
su])]>ly  of  calcium  chloride  is  small,  must  soon  stop. 

.'».  Even  if  it  he  admitted  that  there  are  traces  of  hydrochloric  acid 
in  tlie  l)lood,  there  is  no  reason,  if  the  process  be  purely  one  of  diffusion, 
why  it  should  not  go  on  continuously.  This  it  does  not  do,  but  ceases 
when  digestion  is  not  going  on,  and  when  digestion  begins  is  secreted  in 
sucli  anioiuit  tliat  no  mere  physical  diflusion  could  bring  it  through  the 
epitlielial  cells  fast  euiuigh ;  not  to  speak  of  separating  it  from  a  fluid 
in  which  it  is  supposed  to  l»e  present  in  traces  only.- 

'  P>y  a  [<'  rf«'(t  (liffusion  ap[»aratus  [vollkomntcncr  Difusioiis-apparat)  Maly  seems  lo 
niciii  luM('sriiii[>ernieal)le  nieinln-ane  ;  that  is,  an  arrangement  permeable  to  the  hydroehloric 
aeid  and  not  to  tlie  other  dissolved  substanees. 

-  Gastric  juice  contains  at  least  2  i)arts  per  1000  of  hydrochlorie  acid;  the  amount  of 
hydrochloric  acid  torined  by  mass  action  in  a  solution  of  0  parts  per  1000  of  sodium 
chloride,  and  a  still  smaller  (jnantity  of  monosodium  phosphates,  no  one  has  ever  attempted 
to  measure,  V>ut  it  must  be  many  thousand  times  less  than  this  ;  so  that  not  only  must  the 
hydroeldoric  acid  diffuse  with  a  tremendous  velocity,  l>ut  it  must  get  infinitely  more  con- 
eentrat«'d  in  the  process  of  diffusion,  which,  under  j^unhj  jihysical  conditions,  so  far  as 
we  know  them,  is  an  utter  impossibilit}^ 
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Tliefie  facts  iiidic^ite  tliat  tlie  fnrmatioii  uf  liyilrnrhloric  acid  is  a 
process  going  on  in  the  eell,  lliat  the  atid  iw  u  cell  seeretifni,  antl  iint  a 
(lilfiisate  from  the  bltH>cl  jilaania. 

Gamgfts  madlflaftion  of  Mali/s  ihtort/. — (lauigee/  while  reteiriiiig 
the  8Uf>ix:»8ition  that  the  liydroehh)rie  acid  is  foriued  hy  the  action  of 
the  alkaline  phoBphates  nn  the  fidnride^,  reiuovcH  the  .sent  <jf  aetinii  from 
the  hlcMxl  to  the  jmiietal  cells.  He  ^iipjiose.s  that  tliese  eells  poswcHS  a 
peculiar  selective  ahsoiptiiiu  fur  the  phosphates  nf  sodiiuii,  hi^tli  alkidiiie 
and  aeid,  and  fi»r  ehluriileH,  and  that  witinn  the  cell  there  occur  the 
same  reactions  hetween  these  ftuhstanees  as  ijeeur  in  inhv  when  they 
coexi-Ht  in  sohition.  One  nf  the  ]iriKhicts  uf  the  reaction  will  then  he 
liydrc*chhjric  aciil,  whicli,  in  virtue  uf  its  liigli  jiower  rff  difhision,  will 
fiass,  as  soiin  as  fnrnied.iuto  the  secretion  uf  the  inland.  Tins  suppusitiun 
is  eertAinly  a  step  in  the  ri^^lit  direelian,  in  so  far  as  it  hrings  tfie  seat 
of  action  to  the  cell — a  jnnch  more  ]nnhahle  place  than  the  hlond — hut, 
ou  the  other  Iiand,  it  assumes  a  good  deal,  without  overcnniiug  many  of 
the  tihjeiitions  to  Malys  theory.  Thus,  seh?ctive  al>siapti(m,  uf  huth 
alkaline  and  aeid  phusphates  (pruhahly  di- ami  monu-sndium  pliosj/hatcs) 
w  assumed,  l^nless  these  are  also  assumed  tu  he  ahsorhed  iu  such  pru- 
portions  that  the  reaction  iif  the  cell  cuntcnts  hernnies  acid,  nr)  fninialion 
of  hydrochlc*nc  acid  will  take  pla(e,fi>r,  under  nu?rely  l^hysical  eniiditious, 
no  such  formation  ciiu  l>e  demonstrated  in  rilro. 

Unless,  again,  the  sulistauces  Kelectively  ahsnrhed  are  kept  out  of 
action  in  some  equally  uhscure  manner  hy  cell  activity,  there  is  uo 
reusi^n  why  the  secretion  of  at'id  should  mit  he  cr>utiuuous;  snid  if  ahsiup- 
tion  of  phosphate^s  and  clilnridc's  only  Ijcj^ius  at  the  f'omni(*ncement  of 
digestion,  it  is  unt  easy  ti»  see  fiow  the  traces  of  hydrochlorie  acid, 
forraeil  by  such  hiteractions,  can  keep  fntce  with  the  dmiaud  then  made 
UtT  hydrochloric  acid. 

L-istly,  there  is  uo  ex]ierimculal  evidence  tliat  there  is  nny  such 
selective  ahsorption  of  ]phiis]>hates  and  chliuides  hy  tlie  pnriehil  cells. 
And  if  a  jmrely  physiriil  ther>ry  is  to  J)ealKtndoned,ainl  a  sj^ecitic  I'unctional 
aeti\ity  of  tlie  cell  invoked,  tlujre  remains  no  reason  hu^  julheririg  to 
tlie<iries  w^hich  have  heen  evolved  on  a  purely  physical  hasis. 

It  is  easier,  and  more  in  accordance  with  our  notious  regarding  the 
secretion  of  other  snltstances,  to  suppose  that  the  hydrochltuic  arid 
is  fi»rme^l  Ity  cell  activity  iu  sfMue  ructaholic  jirocess,  frmu  the  chloritles 
and  organic  matters  at  its  dis]insah  Tlieie  are  an  infinite  variety  of 
mich  processes  cajiahh*  of  taking  j^iace,  under  the  vitryiug  couditious  (tf 
cell  lile.  It  iS  true  we  do  not  know  the  details  of  these,  nor  wliy  such 
processes  take  place  under  certain  given  conditimis;  nevertheless  we 
see  the  enrl-results,  and  there  is  no  reason  why  hyih^irhloric  acid  shoidd 
not  alsn  he  the  end-product  of  such  a  t  ell  uioi?il)(dism  rather  than  tlie 
l*ro<luet  of  a  kind  of  s|>eeialiHed  dill'usiou.'- 

»  "  Physiologic-iilClieiiiistrj,"*  IBIKI,  v.jI.  ii.  p.  113, 

*  Hammarslen,  "Lehibnrh  th'T  pbysiol,  rhem./'  Wlenliadpn,  1805,  Auf!.  3,  S.  242. 
Sceal^o  Heidenhditi,  Hcniimiii'a  tlamifuich/*  Bil.  v.  (1),  S.  151,  Oju*  sui-h  |iosHUilf  prfuiena 
uthe  formfltion  iu  the  roll  of  an  or^'anie  avv)  whir  It  <1(h\h  ijot  ^^]fl^^«1  awny,  lnU  is  iftatiRd 
in  the  cell  and  exercises  a  eoiitiuiioys  at  t  ton  oji  the  »  hlnrides,  fiMmiii';  liydnjilibrif  acid 
which  the  cell  activtdy  excfPt'Ps.  Aiiotktir  ]^assihility  wovild  be  the  ftiiTiiutinn  during 
r»t  of  an  orgjinki  eblonne-eontiining  Hub.Htinee,  wJnl"  Hie  hjisn  euiiihiiitd  with  raihoniu 
aeid  tMUsed  into  the  blood,  nnd  tlii'  rtiibM«'f[m'nt  hn-ukiii^  uj*  dining  activity  «>1"  this 
cfalonne-eont pound  yielding  hydroehloric  ncvl.  TIicil'  arc  iinlMfd  ma^ny  innrMM  uhirlt  hueh 
a  QeIhnii?C«boIisTD  mi«?ht  take  yielding  hydrochlorie  Jirid  as  ptn  fMidieHidt.  Si  o  alno  nnngt% 
"  Lehrbuch  dcr  physiol.  Cheniie,"  Leipsfjr^,  1811K  Aidl.  H,  S.  l\\). 
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Functpm  of  I  hi^dmf!kli*rir  a/'idr — One  obviuus  ptirjM.»Ke  of  the 
hydrochloric  aciil  oi  he  jj^asliic  Juice  is  tu  confer  ai'tivity  oii  the  j^^pHin 
accompanying  it,  w  lieli  is  only  urtivi*  In  an  aeirl  niediiiUL  Hut,  as 
Bunge^  p>intH  mit,  the  e^ttalili.sluaeiit  of  an  ju  id  reacti^ni  is  not  necessary 
for  proteiil  digestion,  [n  the  iwincreatie  juit-tj  unuther  proteolytic 
ferment,  trypsin,  is  fouiul,  wliicli  acta  most  powerfully  on  ]jrot€?iilti  in  an 
alkaline  niodium,  A  m\K'h  more  tmiK>rtant  jtmietiou  of  i\\v.  hytlroelilyric 
acid  lies,  Hceording  tii  1  hinge,  in  its  ]H>\verful  action  a8  a  disinfeetant 
and  ger  mi  ride,  io  dej^Unyin^  bacteria  intrddiaed  witli  the  fuod.  In  thirt 
manner  tlir  fonnation  of  deconiiiosUinn  j>rudnelH*  unci  ihr  diKtoihance 
thereby  pnidoced  in  the  nitrninl  ^^lairHe  nf  lli^%^Hii^J|j,  Ls  jirevented,  ami 
also  in  many  e.iwes  the  atdiiiiil  is  jaeservcd  fmm  the  alUekw  of  jiaiho* 
genie  bacteria  by  tlit*  ib  '    j    "   *  i.[i,.ir  bporen. 

Modern  research  lii)  j  ...     renmrkahl^  resnlt,  that  the 

average  aunjinit  of  hyd:  i  tlic  gastric  juice  jiust  uhtail 

coincides  witli  that  \v'  itally  to  he  required  tn  stup 

the  growrh  nf    must  im    and    many   pitluigenm 

bacteria.2 

Spallu ! u^a n  t  ^  lii'st  t  )o wcrf ol  ] ircHer vnti vu  action 

of   gastric   jnier,   imd  at   gastric   Juice    pre  vent  t^l 

putrefactitia,  but  that  *n  wbi(-li   had  aircaily  com- 

menced.    I'liiH  be  hla  1  n  [liet^cH  of  lle^b  which  liad 

commenced  in  putrefy,  l  .w.MVal  u(  gahtric  dij^csLiuu  tlie 

flesh  lost  nil  jiatiefactive  *hi 

The  acliiin  nf  the  ^iistrii^iaiuf"  i^n  tliu  hai-illi  i^f  tul>iTclr  and  .^picnic  fever 
has  been  iiivi'stiL^ated  hy  Fsdk,^  lOid  by  Frank.'  Fidk  fnaud  ihat  the  bnrilliiH 
of  splenic  fovi^r  (/J.  aafhraf  i<}  is  rawily  ilcsU'^tycd  hy  ^;islric  JaieL%  bat  that 
its  spores  t^-ii^jijn^  de>l!"iit'ii'»iK  und  !1iilI  lln'  ii;i}ier<'li'  IjiicilhsM  is  uii.tfri/clr-d  l^v 
gastric  juice.  Wrank  completely  connrins  tnese  results,  and  both  observers 
are  agreed  tliat  the  gastric  juice  is  incapable  of  making  any  very  effectual 
resistance  t<»  infection  of  the  organism  by  these  pathogenic  bacteria.  The 
cninin.i  bacillus  <»f  cholera,  however,  is  readily  destroyed  by  gastric  juice  or 
dilute  liyih'ocliloric  aciil/'  Cholera  cannot  be  <!onmnuiicated  by  the  mouth  in 
healthy  animals ;  but,  after  washing  out  the  stomach  with  alkaline  solutions, 
symptonis  iescni))ling  those  of  cholera  follow  introduction  of  a  pure  culture  of 
the  cholera  ha<illus,  as  is  also  the  case  when  this  is  introduced  into  the 
intestine. 

The  aceti*'  and  lactic  fermentations  are  stopped  by  mere  traces  of  free 
hydrochloric  acid,  while  acid  coad)incd  with  proteid  is  ineffectual.  According 
to  Cohn,  this  action  is  due  to  the  free  acid  decomposing  the  alkaline  phosphates, 
which  are  necessary  for  the  growth  of  the  bacteria.'' 

(Ju((/lf(ffirr  /r.s/.s-  fifv  free  hytlroehlorlc  arid  in  gastric  juice. — The 
many  colour  tests  fur  detcctino-  the  ]acscnce  of  free  hydrochloric  acid 
in  gastiic  .juice,  in  contradistinction   to  organic  acids,  are  all  more  or 

1  "Lclirl.ii.l,  <lrr  [.liysio].  Clieiiiic,''  1^91,  Aiifl.  3,  8.  141-11'). 

-'SirlMT.  Juont.  f.  pralt.  Chein.,  \A\v/v^,  ISsO,  VA.  xi\.  8.  433;  Miqiu-l,  Ccntralhl.  f. 
cd/<j.  (Isiidh(.^j,fj,i.,  n'ouu,  IsSl,  p,(l.  ii.  S.  10;'>.  8t;('also  /iciiikc,  Iniiiig.  Diss,,  Halle,  181^3  ; 
Mester,  /Asch'r.\i.  kiin.  Mni,  IViliii,  ISIM,  lid.  xxiv.  8.  141  ;  8clnnit/.,  /(st'Itr. /.  jifnjsir>l. 
CIn:)ii.,  Strassluir^',  IS'.M,  IM.  xix.  8.  401. 

•'  *•  KxiH-iii'iKi  s  sur  la  <li,t,'t'stioii,"  Tiaduit  par  8eiK'l»i<'i',  (Joncva,  1784. 

-»  J'irrhfurs  Jrr/nv,  lSS:i,  lid.  xriii.  8.  177. 

•>  JhHtsdir  ,nnl.    U'chnsrhr.,  Leipzig',  18S4,  No.  20,  8.  300. 

*•  Nicati  and  Lictsch,  lor.  sri,  nf..  I'aiis,  1S^4,  j».  (l.'.S  ;  ('onipt.  7rnJ.  Acad.  d.  sc.y  Paris, 
1884,  tome  xcix.  8.  HjJS  ;    Kt..li,  Jhitfschc  hird.   U'cJuischr.,  Leipzig,  1S81,  No.  45,  S.  725. 

'  Ztsdir.  r\  pluj^inl.  C/um.,  8trassl)urg,  1890,  lid.  xiv.  8.  75. 
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less  nilliteneed  by  the  piTseiici'  at"  pioteiil  ^r  pej^tuiin,  siml  cjiniiot  be 
much  tleinnnletl  mi  iVtr  prnvhig  {\\e  entire  tflsrurf  «>f  liydroehlnric  acid* 
Tfie  quantity  of  urgauie  acid  reqiured  to  give  tlic  reuctiuii  in  caeli  Ciiso  is 
much  in  excess  of  tliat  present  in  tlie  stdinach,  su  that  if  tlie  test  gives  a 
^HMsitivu  result  this  niiiy  u^^iially  be  relied  uimul 

The  best  of  these  rtmgfeuU'?  aro  thi'  fijllowiti^: — {a)  ft'nu:Jjrr(/M  rcagent^^ 
which  cx)nsistfi  of  2  jmrts  of  phluroghiriiiol,  1  part  of  viiuilMii,  an<l  30  partt^  of 
absolute  alcohol  A  few  drops  of  this  rea<^piit  iotd  ii  fuw  ilrifps  tif  iiltuii^d 
gastric  juice  art^  C'vap«»nited  to  ilniiLSM  tii^^utht-r,  whi^ii,  if  fri^o  hydrochloric 
add  be  present,  a  nujiiniert*"!  iiiirn»r  or  LuniiijuM4;il  crystals  Eirn  obtaiiicMl. 
The  te^it  ift  iniuH'cctei!  by  orgaiuc  acidti,  but  does  i\i>i  sucnf^ed  in  the  taest'ijcti  of 
prriteid^  or  leucinr^  ;  it  is  ^ahI  to  detect  1  piirt  of  free  aeitl  in  20,000.  (//)  Tit** 
iroi^toUn  teat, — Ihop  of  a  saturated  .Hobjtiou  of  trojKPuliu  in  methykiteil  spirit 
are  allowe<i  to  evai^ornte  on  jHin^elain  ;  to  the  Hitaiij  so  left  a  dro[i  of  th*^  wdu- 
tioD  t-Li  he  teted  is  ajipHfMlj  jind  the  drop  is  evaiiorated  at  40^  C.  In  the 
presence  of  hydrochloric  acid  the  result  is  a  violet  stain.  The  tent  has  about 
the  same  delicacy  as  CJnn/bergV,  and  h  snbjVet  to  tlie  sanic  objections, 
(f)  i^^'or/r*  ^^^r- consists  of  a  luixtnrp  of  citnite  <>f  iron  antl  (jiiininej  an<l  of 
potajssium  sulphocyanide.  Tlds  is  cfjluured  n^d  hy  a  trace  nf  a  mineral  acid, 
but  not  hy  dilute-  solntions  nf  nrj^unic  arid.  S/idiu'  ]ias  m<»flified  tins  test  into 
a  ijuiek,  colorimctrii*  quantitative  imtbod.  He  finds  tlic  Keoch  test  a  satis- 
factory one,  unalfected  by  chlorides,  ijeptones,  ur  the  nsujd  anjiiniiE  of  lactic 
acid  pre,sent  in  j^astri^-  juice,  (tl)  Coutjur^,!  im  stmn^Hy  rertiaiiuendrd  by 
Gaiugee/  either  in  aqneoiis  solution,  ur  as  tr.'^t  i»a[>rr  laade  by  saturntiug  filter 
paper  with  it,' and  then  d^yin;^^  Traces  of  hydioehlorie  aciil  tutu  it  an  iuffmrn 
Wm^,  while  organic  acids  give  a  no]t>f  Uni. 

Gentiand>lHe,  niethyhnnline-violet,  malachite  green,  sinl  benzo-jjurpurin 
are  other  reagent'^  which  have  lieen  recoinmended  as  colour  testa  for  traces  of 
free  mineral  acids. 

Q^mntitaiivr  ejitimation  0/  th*-  Jrrr  jitftirnf'hl**i'i*'  icif/  <*/  fh^  fjaMn'r  Jvire, — 
Momer  and  fyofiriiit's  methv^f.'* — Tliis  laetbod  consists  essentially  in  con- 
Terting  all  the  acids  presejit  into  barium  salts  by  shaking  np  with  barium 
carhonftte,  drying,  iiicituTatinp,  and  nxtnictin*^  tl(oronghly  with  wariu  wnti  r 
In  the  proceaa  of  incinerating,  the  baiinni  salts  nf  tbe  mgnnic  acids  whirh  may 
have  tif^en  present  are  destroyed  and  barium  nirhimate  is  reformed;  tlie  l>arinm 
chloride  formed  from  the  Jiydrotbloric  arid  alnn*'  dissolves  afterwards,  and 
gives,  by  e-stimatiu^  the  Uirium,  a  measnie  i>{  the  iitaonnt  of  hydroeJiloric  acid 
present.  Usiiip:  litmus  as  an  indicator,  10  <'.c,  of  the  gastric  juice  i.s  runttralised 
with  finely-j>owdered  barium  i  arhonntc  in  a  platinum  eva]>in'atin^  illsh.  The 
mixture  is  dried  on  the  water  hatli^  the  residn*-  imincrnted,  the  ash  powdereil, 
extracted  with  as  little  warm  water  as  ]>ossible,  and  finally  lilt* red.  The 
fdtrate  should  meii,snre  abi>nt  50  c.e.  To  this  liltrate  an  equal  vohnrn?  of 
al:i>olute  alcohol  is  added,  and  then  three  or  tour  tbops  uf  a  .solntiou  containing 
10  per  cent,  carh  *ii  sodium  acetate  and  a^etir  a<  id.  Into  tin's  solutitui  a 
{standard  solution  of  pfiLassinm  birliromate,  contaiiiin'^  8*5  ^rms.  per  litre,  is 
niri  from  a  burette  until  all  the.  barium  is  precipitated.  Tlie  aIci>hol  ad(h  d 
aids  the  pi'eci[)itation,  and  the  acetate  srdiaion  pri*vents  the  prcei[atation  ui 
calcium   salts    or    the     formatic»u    of    any    f n  c    hydru^hluiic    acid.       "  Tetra 

^Chem,  €tntr..Bl,.  b^ip/i^',  l^Sr,  S.  1560. 

^  Jmm.  Annt.  mvf  Phttnuf.^  Loii'loii,  1874,  vnl.  viii.  p.  271, 

*  ZUehr.  f.  phimt^I .  ('hm.,  Stia,N.sbarr;,  1877,  IM.  i.  S.  ITcj. 

•  *^  Phy!»iologicul  Crheaiistry,"  Louduu,  18lcj,  vuL  ii.  p.  IM,  wlK^rn'  a  full  accoant  of 
thftw  colour  t<»sts  niay  be  f<iiunL 

^  Zfschr,/.  phrjsiof.  Chfuu,  StnL*5sbnrg,  188n,  T!iL  xiii.  S.  1.  Src  ul.su  S jew jvihI,  ShnuUn, 
Arch  f.  Fhyrioi.,  I^^ipzig*  1^97*,  Btl.  v.  S.  277,  wlinv  .1  juH  history  ortlii-H  ssj1>Jim  t  is  ^iveij, 
and  a  biblic>grai>Uy  of  over  150  memoirs  on  tla*  HuljjcL't, 
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paper  "  ^  is  used  as  an  indicator ;  this  turns  a  deei>  blue  when  the  end  of  the 
reaction  is  reached. 

Z/^o'.s  mefliodr — In  this  method  two  determinations  are  made. — First,  of 
the  total  acidity  by  titrating  10  c.c.  of  the  gastric  juice,  after  the  addition  of 
5  C.C.  of  a  concentrated  sohition  of  calcium  chloride,  with  decinormal  sodic 
hydrates  sohition,  using  litmus  as  an  indicator.  Secondly,  the  amount  of 
acidity  due  to  acid  phosphates  is  similarly  determined  in  a  fresh  portion  of  the 
gastric  juice,  after  removing  the  acidity  due  to  free  acid  by  shaking  up  with 
finely-[)Owdered  calcium  carbonate.  The  difference  gives  the  amount  of  acidity 
due  to  free  acid. 

Toppfer's  nief/tod'^  consists  in  titrating  5-10  c.c.  of  the  gastric  juice  against 
decinormal  caustic  soda  with  different  indicators  — (a)  with  phenolphthalci'n, 
(h)  with  alizarin,  (r)  with  dimethylamido-azobenzol.  The  first  titration 
gives  the  total  acidity  (consisting  of  free  hydrochloric  acid,  hydrochloric  aci<l 
combined  with  jn'oteid,  and  organic  acids) ;  the  second  gives  free  hydrochloric 
acid,  ])lus  organic  acids  ;  the  third,  free  hydrochloric  acid  only.  Thus  three 
equations  are  given  for  the  determination  of  three  unknown  quantities.  The 
method  had  l)een  tested  by  Mohr  with  favourable  results,  and  has  the  advan- 
tage of  rapidity. 

Qt/aliiafive  te.^fi^  for  lactic  acifJ. — 1.  Uffelmann's*  test  consists  of  an 
amethyst  blue-coloured  solution  made  by  adding  a  trace  of  ferric  chloride  to  a 
1  per  (H'ut.  solution  of  carbolic  acid.  A  trace  of  lactic  acid  added  to  this 
causes  it  to  turn  yellow ;  hydrochloric  acid  only  decolorises  it,  and  must  be 
present  in  relatively  large  quantity  to  do  so.  The  test  is  most  safely  applied 
by  filtering  the  contents  of  the  stomach,  extracting  the  filtrate  wuth  ether,  dis- 
tilling oir  the  eth(*T,  extracting  the  residue  with  water,  and  culding  this  to  a 
swall  (]}ianiiiii  of  iltc  reatjent.  The  test  shows  with  1  part  of  lactic  acid  in 
10,000.  2.  A  vpt'ii  dilute  solution  of  ferric  chloride,  possessing  only  a  trace  of 
colour,  is  much  deepened  in  colour  on  the  addition  of  a  mere  trace  of  lactic 
acid. 

rANCKEATIC   JurCE. 

Xoiinal  ])ancrealic  juice  is  ditHcult  U)  obtuiii  in  ([uantity,  on  {iccoiiiit 
of  lli(!  iiitlannnatni-y  chanj^es  occurring  in  the  ^land,  in  consequence  of  the 
ojMTalion  of  iiiserlinj^  a  cannubi  into  the  duel.'''  The  lluid  ol^ained  fmni 
a  fistula  (»!'  the  ]»ancrealic  duet  in  an  animal  is  ([uite  dillerent,  aceonliii^r 
to  wlicllioi"  ii  is  collected  soon  after  the  o})eration,  (luring  the  first  two 
or  three  bonis,  or  after  the  lapse  of  a  day  or  two.  Tlu*  fluid  secreted 
durin;j:  ibc  liisi  few  hours  is  rich  in  s(dids,  and  is  secreted  very  slowly; 
that  liowiiiLT  from  a  ]>ermaiieiit  fistula  is  ]M)()r  in  solids,  and  is  inueli  more 
copious.  The  tcm])orary  seercjtion  probably  resembles  the  natural  ]>an- 
ereatic  juice  much  more  closely  than  the  ])ermaneiit  s(M'n»tion. 

'  l'.i|M  1  iiiij.i.  •_ri);it"i  with  ]>arai>li('iivk'inlianiiiic.  For  TiiodificatiMiis  of  tin's  method 
s-f  Fawii-kv,  /'//•.  A 'w/'n  Arrhlr,  18i*l,  iVl.  .xxiii.  S.  21i2  ;  vc.n  Jak>.-li,  "Klin.  Dia^niohtik 
iiiii.-i.T  Kr^^lkll.■it.■ll,■■  1  ^'.'i',  Aufl.  .'5;  IJcas,  Ccntrufhl.  f.  kliii.  M,,K,  I5oim,  ISiH,  \U.  xii. 
S.  3"5  :   Kos-l.T.  /J<'J>r.  f.  ph>fsioL  ('/,n)i.,  StrassLuri:,  ls!»:{.  JM.  .wij.  S.  1>1. 

-  Crntr'iJ}''.  f.  iL  ii)"l.    //7sX'/;,sW/.,   licrliii.  18M». 'iM.  xxvii.  S.    }sl. 

^  /fx.-l.r.  r.  I'li'i^inl.  c/irm..  Stra^luu-;,',  ISi^l,  ]^,(1.  xi\.  S.  In}  ;   Mnjir,  //,///.,  S.  047. 

^  /^srhr.'r.  /.////.  .1/.'/.,  I'MTliii.  I^s4,   lid.  viii.  S.  ;;!'2. 

■■' Til"  tii-t  lu  iiiak"-  a  |.aii>'j-.-atic  li.>tnla  '.vas  <li-  (Iraaf,  I'l'M.  For  modern  nictliods  .s.r 
("I.  l'..riiard.  '•I,<.-..iis  dc  j.li wiojcmr  r.\|M'Tiiiifntalc,"  Pari<.  is.'al.  tonic  ii.  p.  180:  Porn- 
stciii,  J/-/;,  (t.  ,1.  i>},i!sin/.  Air^f.  -.ti  L' i/r.,',/.  I8t;i»  ;  1  Ifidcniiain,  Hcniiann's  "  IIand!»indi." 
IM.  V.  n '.  S.  177;  lla^'hlnrd.  ./'////•/'.  /V/vs/'>/..  Caiiil.iid.:,'.-  and  London,  \o].  xii.  j».  80: 
Vas>ili('\v.  J/rA.  n\  sc.  hn,!.,  St.  1  Vl.i >].oiii,i,'.  1  ^!»::.  tomr  jj.  p.  -Jl!';  Fo.l.'Wi,  Vnta'surh. 
:.  X>ifi>r/.  <l.  M'l'-'h.  V.  ,i.  Thi',-'-.  l^!'*:,  i;d.  xvi.  S.  7'.' :  Lcwin,  Arch.  J.  tl.  y.s. 
I'/'i/sin/.,  \]i,i\\\.   1  ^'.'♦l,  F.d.  Ixiii.      For  furtli.i-  details  s.(^  artiele  on  ''Mcebanism  of  ]*an- 
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A  tt»iu|K»rarv  fistula  shuiild  be  inade  Ivv^j  i>r  tliiee  Iiuuiw  aKmv  a  meal, 
jin*i  tliL'  riuul  cylk'cted  daring  the  iR'xt  twti  «ir  tliree  huiuj^.  The  greater 
tiuiulH3r  of  sucli  listiilie  have  betirj  made  mi  dtign.  The  lluid  ulitidued  is 
clear  like  water,  but  of  11  shuiy,  Hvnipy  eaiiftisteiiey  ;  it  iiecumes  Htill 
more  viacid  as  it  cools,  ami  lunlergnea  at  0^  C.  a  true  rnagahiti<>ii,  HC3i»Hrat- 
in^  into  a  gelatinmis  and  a  Iluid  ]Hirti<»n,  Its  miefitic  gravity  iw  about 
1030.  It  contains  in  .sas]»ension  wliilenn  jnust-lew,  whieh  exliibit  J^biggisli 
amreboid  movements.  It  \^  alkabnt^  in  rea(*tit>n,  l\\\\  alk;tlinity  being 
er[ual  to  0'2-U  4  [M,*r  cent,  uf  NeiIIO,  but  tlje  first  few  dn>p.s  Heeretetl  tjiay 
lie  acid-  The  alkalhnty  is  eonmionly  said  to  lie  due  tu  earl h uia ten 
and  phosphates  \A  sodiuta.  The  Huiil  is  rich  iu  proteid,  froths  ou 
shaking,  and  on  heating  ti>  Tr/"*  C.  eoagulateH  to  a  solid  white  masH. 
If  kept  warm  Iwx  .some  time,  its  proteids  beei»nie  peptomsed  by  the 
irvy»Hin  present  with  theuL  On  dropping  into  wider  a  preeipitate  iH 
foniied^  whieli  is  soluble  in  dilute  wdine  or  mids.  Aleohol  gives 
au  abundant  Hoeculent  jireeipitate,  mostly  soluble  in  water,  and  eou- 
fflsting  of  the  proteid  and  en;!:y nies.  Leueine  is  present  in  traeew, 
hut  not  tyrosine.  Similar  seeretions  have  been  obtained  from  many 
uther  animals:  the  |xiJiereatie  juire  of  herbivora  (rabbit,  ox,  aud  sbeeji) 
cxmtiiius  much  less  proteid  than  thai  of  earuivora,  but  is  iti  other 
regyjects  similar. 

Tlje  jiermanent  seeretion  sets  in  at  a  variable  period,  fr«un  a 
(ew  hours  to  s<une  days  after  the  operation.  It  is  very  similar 
to  the  temporary  secretiou,  except  in  containing  nnieh  less  ru'ganic 
u^atter,  aud  iu  having  in  consequence  a  umeli  lower  sjiecifie  gravity, 
lOlO-lOll. 

Qtimitikitire  vkrmiiul  rom/umfhw.  —  The  bdlowiug  talde  gives  the 
refiidt^  of  analyses  of  botli  tenijMirary  aud  permanent  seeretionH  of  dug's 
pancreatic  juice  by  V,  Scliniidt :  *— 


L  AXALm^  OP  TEMPOaARr  Skcreth^v.  obtajsko 

DIXECTLY    AFTER  THE   Oj'JSHATJi.>> . 


Water      . 
Total  MyUda      . 

Orgftnic  matter . 

Ash  . 


900*8 

9P-2 

1*0-4 

8*8 


SS4'4 


2.  ANAicYsfc'*  or  NKcKinrfu-s,  outainii» 
Ki<n>i  Pekmasknt  Fihti  l,«. 


976*8 
68 


20-1 


1.V4 
til 


3,  Coufmntoa  or  tuk  Aru  (is  tamth  nm  IfXW  pakti*  of  PANtnissTiL'  Jiilu), 


Sod*(Na,0) 

Sodium  chloride       .... 
Potunain  chlorirle   ,         .         ,         « 
EAtthy  {ihoHphatea  with  traces  of  iruii 
Triioflic  phoaplitttG  (Na,PO  J   . 
lime  (CiiO)  and  Magnesia  (MgO) 


(n)  From  Tiinpararv 

(^^>  F 

roiii  I'^cnmanont 

Sw  re  I  ion. 

StvrctJ'Ki. 

0'58 

3al 

7-36 

2'r.O 

0-02 

0'93 

0-53 

008 
O'Ol 

0-32 

001 

1  Quoted  from  JIalv,  Hernjunni*  *'  Haiidbacli/'  Bil  v.  (2),  H,  159. 
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These  results  B  thul,  oven  in  the  wimn^  form  of  fiKtiila,  the  amount  of  j 
total  solids  and  of  orj  ;anic  nuitUT  is  u  y^ry  variahle  quantity.  This  i*  iil^a  ^ 
shown  hy  the  i^s;:lt^  oMained  by  others.  I?i  the  dog^  Berntird  f&uii4  th© 
total  solids  in  tiMii|K3jary  secretion.  ^^^  U>  100  per  1000;  Tiedemfinn  and. 
Gmelin,  87  per  1000;  Hkrebitzki,  23  tu  5G  per  1000  j  in  the  sheop.  Tiede- I 
mann  and  Gnjolin*  36  to  52  per  1000-  in  tlio  htir^e,  Hoppe-Seyler,  8 '8 8 
organic,  8*59  inorganic,  per  1000  f  in  the  rabbit,  npnknihain,  IT'6  per  1000 ;  | 
in  the  sheej^,  Hfidenliiiii,  14'3  to  369  per  1000. 

Very  few  analyse  is  nf  huiiiao  pancreatic  juice  have  been  made,  an<l  ^ 
it   has  never  been  ultUiined  un<k'r  quite  normal  fuiiditions.     Herlar* 
obtained  pam-iuatic  jnicc,  (^ionlHining  all  three  ft*rnlent^i,  fnini  an  enlarged 
duct,  due  to  cdreinoma  of  the  duodenuni.  which  contained  ]tcr  1000  ]ifLrts» 


24*1  parts  of  total  solit 
Zawadski  ^  ha^^  more  re  \ 

juice,  obtained  iVinn  a 
pancreatic  tin  nun  r. 
tained   from   tempos 
Herter's  saui]»]e;  it  \ 
was  an  almo.st  iKjrniai 
total   solids,  Dli    \%\r\.^ 
remainder  beini^^  or^ai 
llaic   of  :^fttrtwn.- 
total  quantity  of  ])an  9 

greatly,  and  it  is  impoi^yii         i; 
approach  to  act:uruey.     Fignrcsoi, 

fistula^  greatly  exceed  those  obtained  from  temporary  hstu]a%  Bidder  and 
Schmidt  ])la('o  ibe  yield  in  tht^  dotr,  at  the  rate  rif  tompmary  Kecrctioii»at 
2*5  grms.  per  kdo.  of  binly  weight  per  tlienL  At  tliis^  rate  a  man  of  70 
kilos.  (15-4  ll.JE>.)  would  secrete  175  gi'nis.  of  pancreatic  juice  per  diem. 


:nc  nwttor,  G'2  juirtH  r»f  {wh. 
^  cconnt  of  human  ]>ajicreatic 
mainini^  after  rem^jval  of  a  ^ 
1  in  cninpoKitinn  thoBC  oIh  f 
\,  tnucti  more  elosely  thniT 
gestivc  a^'tlnn,  and  pro  La  lily 
^,  per  1000  part8,  IHm^  of 
:b  of  innrganie  matter,  the 
roliol. 

f  varirniK  observerH  for   the 

mn  in  twejity-t'our  hours  vary 

an  average  quantity  with  any 

cl  frmn  (*hservations  on  permanent 


Succus  Entericus. 

The  secretion  of  the  small  intestine  may  be  obtained  in  animals, 
unmixed  with  tlie  other  digestive  secretions,  by  one  of  two  forms  of  fistula. 

The  first  form  of  fistula  w^as  introduced  by  Thiry,^  and  is  made  by 
cutting  across  the  intestine  at  two  places,  10  to  30  cms.  apart,  without 
interfering  with  the  blood  supply,  restoring  the  continuity  of  the 
intestine,  stitcliing  up  one  end  of  the  isolated  piece,  and  uniting  the 
other  to  the  wound  in  the  abtlominal  wall.  The  second  form  due  to 
Vella,'*  is  a  mod iii cation  in  wdiich  both  ends  of  the  isolated  piece  of  gut 
are  left  open  and  stitched  to  the  abdominal  wall  one  above  the  other.^ 

Tliiry  describes  the  succus  entericus  as  a  limpid,  opalescent,  light 
yellow-eol( Mired  iluid,  strongly  alkaline  in  reaction,  and  possessing  a 
specific  gravity  of  1010. 

It  conlniiis  proteid  and  mucin,  and  much  cmbonate,  as  shown 
by  etrervescence  with  dilute  acids.     According  to  Rohmann,^  in  the  dog, 

1  Ztsrhr.  f.  j>h>/sio/.  Cl/nn.,  Strassburf;,  18S0,  Ikl.  iv.  S.  100. 

-  (%aU'<tIhl.  f.  'rin/sio/.,  Loip/irr  u.  Wien,  1801,  IM.  v.  8.  179. 

^  Sifzvwjsh.' <L  l\'Abi(L  d.   irissciisch.,  Wien,  1804,  Hd.  1.  Abth.  1,  S.  77. 

•*  Unlersuch.  ;:.  Xaturl,  <L  Maisch.  v.  d.  Thlerc,  1888,  Ikl.  xiii.  S.  40.  For  details  as 
to  establishing  such  listulii',  see  Ganigee,  "  Pliysiologicul  Chemistry,"  vol.  ii.  pj).  406-408. 

^  For  a  full  dcs(ri}»tiou  of  the  inetliods  of  collecting  intestinal  juice,  sec  article  on 
*' Mpfli.niisiu  of  Intestinal  Secretion."' 


COMPOSITION  OF  BILE,  ^ 

the  secretion  of  the  upper  part  of  tlie  Bmall  intestiiie  is  scanty  in 
quantity,  sliinj  and  clcit-like,  while  in  the  lower  pai't  tlie  secretion  is 
much  more  tiuid,  and  contains  small  clot-like  nmases.  It  contains 
4-5  parts  per  1000  each  of  sodium  chloride  and  sodium  carhouate.^ 
Pregl*  has  recently  obtained  sitrcus  enkjneva  from  a  A\dla  flwtula  in  the 
iheep,  and  estitmited  its  alkalinity  as  equivalent  tu  0  454  pur  cent,  of 
Na^COj.  Tlie  specific  gra%ity  of  the  Huiil  averaged  10 14.  It  cuntaiued 
proteid,  aod  coagulated  on  standing,  Thiry  found  in  the  dog,  2  2  to  2 '8  of 
total  solids,  0*7  to  12  of  proteid,  07  to  09  of  ash,  per  cent.;  Lcmbe,  OS  to  27 
per  cent  of  proteid;  Quincke,  134  to  145  per  cent,  of  total  solids; 
Frerichs,  2  27  per  cent,  of  total  soUds;  Guniilewski,  15  per  cent,  of 
total  solids. 

Tubby  and  Manning^  obtained  ]iure  liinnan  svrcus  eniericits  from  a 
piece  of  intestine,  3i  in.  in  length,  situated  about  S  in.  fnun  the 
Deo-caecal  valve,  for  a  period  of  some  mouths :  the  daily  yield  from  this 
length  of  gnt  averaged  27  c.c.  (19  to  35).  As  a  mean  of  thirty  determina- 
tions, the  specific  gravity  was  found  to  be  1  0069  (1"001(]  to  1  0162),  The 
fluid  was  generally  opalescent,  and  often  had  a  brownish  tint;  it  con- 
Uuned  a  few  leucocytes  and  ( olummir  ccIIh,  and  was  free  from  bacteria. 
It  was  invariably  alkaline  in  reaction,  awl  gave  oil"  carlnmic  acid  gas  on 
treatnaent  witli  acids.  It  gave  all  the  [u-oteid  rtmctious,  and  did  not 
reduce  Fehlings  solution  or  alter  the  cnlour  of  itHlinc  solution.  It  con- 
tained lactates,  as  shown  by  darkening  a  dilute  solution  of  ferric  chloride, 
and  gi\ing  Uflelmann's  test.     It  also  coutaiiu^d  much  niticin. 

Bilk. 

Action  on  foodstuffs.— Bile  differs  frnm  the  other  digestive  secre- 
tions in  not  {xissessing  a  marked  ehemical  action  on  any  of  the  organic 
fcMi^istutfs.  Btle  alone  is  naid  to  exert  a  diastatic  fiction  on  starcli,*  but 
this  is  very  shglit  and  incon.staid.,  and  seems  to  he  merely  duo  to  a  sligftt 
aleorption  of  diastatic  enzymes;^  on  the  otlicr  fofHlstuils  it  has  no 
chemical  action  whatever.  Bile  also  increases  tlie  latc  caf  action  of 
pancreatic  diastase  ;  but  the  bile  salts  alone  have  a  similar  elTeet,  so  that 
this  accelerating  action  is  not  ihie  to  a  diastatic  enzTOie.*" 

It  has  been  shown  that  the  jiresenee  of  Inle  in  the  intestine 
h&a  a  favourable  intiuence  on  the  absnrjition  of  fat,  and  that  when 
it  ifl  excluded,  although  the  absorptirm  of  hi  is  not  sto]»]icd,  it  be- 
comes very  defective,  and  the  same  amount  f»f  fat  cianmt  be  taki^ri 
up  as  when  bile  is  present.  This  will  be  considered  later  umh^r  Fat 
Absorjjtion. 

Oheimcal  composition.— In  its  physical  characteristics  and  chemical 
c^^mposition  the  bile  ia  a  variable  mixture,  luit  only  in  diHereut  classes  of 
auinials,  but  in  the  same  individual.  As  seerelcfl  by  the  liver  cells,  and 
until  it  reaches  the  gall  bladder,  it  is  a  clear  limpid  tluid,  with  a  k>w 

*  Goniilew^ki,  Arch,/,  d.  ges.  rhijsiol.,  Uoun,  1886,  Bd.  xxsix.  S.  565. 
>/Wrf,,  1896,  Bd.  Ixi,  S.  359. 

*  Guy's  Hasp.  Bep,,  Ijondon,  181?  1,  voL  xlviii,  p,  277. 

<£w*ld,  ^^Klinik  d.  VerdauuitgflkraDkliKitf^n,'*  1S90,  Bd.  i.  S.  150. 

*  According  to  Kauftnansi  {Cmnpt.  rend.  Soc.  tie.  biol.^  Taris^  1S90,  tmiie  xli.  p.  600), 
th€  ferment  occurs  iu  the  bilo  of  the  ox^  pig,  and  ehflpp,  in  traces  in  that  of  threat,  mid 
WTCT  m  dog*  Mk.  Elleiil*erjEf  ;ind  HormeiHttT  \Arch.  f,  unsse-nsch.  u.  prult.  Thicrh,, 
Berlxo,  1885,  Bd.  iti.  S.  381,  393)  foumi  a  diastatic  ferment  in  horse,  ox,  tiiirl  sheep  bile,  and 
oeeuionaUj  in  that  of  the  ilog^  and  pig.      In  all  easM.  trnces  onlv  of  ferrmnt  are  prcaent. 

'Martio  and  WiUiams,  Free,  Rtry.  Soe.  London ,  18S9,  vol.  xlv.  p,  358. 
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pereentage  of  tt  Bolids  and  a  correspondingly  low  specific  gravitj 
(1010).  lu  the  ga«  bladder  absorption  nf  water  takea  place/  and  a 
mucin-like  substanr^i  secreted  hy  the  epithelium  of  tbe  gall  bladder  m 
added  to  it»  so  that  t  becomes  viKcid  in  conRiiitency,  the  percentage  of 
total  solids  IB  much  nicreased,and  the  speciiie  gra%itr  rises  (1030  to  1040), 

Aecorihng  to  tht  time  it  stands  in  the  gall  bladder,  these  changes 
bec4jine  more  (^r  icsf  advanced,  which  accounts  for  nnich  of  the  variation 
observed  in  tbe  (|ua  titative  composition  tif  diiierent  specimens  of  bile. 

Tbe  following  Ui.ile  of  analyscH  of  doga'  lule,  {a)  from  tlie  gall  bladder 
and  iji)  frcBhly  secre  ^ed  from  o  fistula » illustrates  tliis  difference :  ^  — 


1 

1 

DUiD  PjLktti  ht    n  EiunT  ur                               j 

* 

idd(?r. 

1, 

I. 

a. 

MuciD 

^4fi 

0*053 

0  170 

AlkaUnK  tatiroclnjlatefi 

S02 

3*460 

3-402 

CUolesterin 

0 

0-133 

0-074 

0^49 

Lecithin   .         .         ,         «         . 

2 

{>'930 

0118 

0*121 

Fflt^          ..... 

2*841 

0*083       1 

0'3S5 

0*239 

Soapa        ..... 

3455 

0i04 

0*127 

0110 

Organic    matter    miMJluble   iii\ 
alcohol          .        .        .         / 

0-m    1 

0"274 

0-442 

0*543 

Bile  is  kin  alkaline  iluid  cuntiiining  on  an  average  Ol2  per  1000  each  of 
sodium  earbuuite  and  alkaline  sndiniu  pliosiihate.  It  has  an  intensely 
bitter  taste,  leaving  a  sweetish  after-ia8te  in  the  ease  of  human  or  ox 
bile,  but  not  in  Ib-tt  "f  irJilntV  ay  prir^s  hil^.  Tlio  lii]^'  uf  rhp  n\:  riod 
some  other  animals  has  a  faint  characteristic  odour  resembling  musk, 
especially  after  warming.  The  colour  is  very  variable  :  in  camivora  it 
is  usually  golden-yellow ;  in  herbivora  a  grass-green ;  but  these  colours 
are  not  constant,  and  vary  with  the  amount  of  oxidation  of  the  bile 
pigments ;  the  two  chief  colours  are  often  mLxed  with  brown,  giving 
intermediate  shades  of  yellowish  and  greenish  brown.  Human  bile, 
wlien  observed  in  a  healthy  contUtion  and  immediately  after  death,  is 
often  green,  occasionally  golden-yellow  in  colour. 

Bile  contains  no  coagulable  proteid,  and  remains  clear  on  boiling;  it 
can  also  be  dihited  with  water  without  any  turbidity  arising.  Inhuman 
bile  true  mucin  is  present,^  but  tlie  suljstance  which  gives  viscidity  to  ox 

^  Accoiii|)aiii(Ml  l)y  a  soleutive  absorption  of  inorganic  constituents,  so  that  the  percentage 
of  chlorides  in  gall  hladder  bile  is  oven  less  than  that  in  liver  bile  (Hammarsteu,  loc.  cit., 
sub.  1.')). 

-  lloi.pe  Sevier,  "  Lelirbuch  der  Physiol.  Chem.,"  Berlin,  1881,  S.  302.  See  also 
Hammarsten,  Nora  Acta.  Jieg.  Soc.  Sc.  (Ipsala,  1893,  Ser.  3,  vol.  xvi.;  JaJiresb,  w.  d. 
Farfschr.  d.  Thicr-C/tcm.,  Wies])aden,  1893,  Hd.  xxiii.  S.  331. 

^  Hanunarsten,  Aova  Acta  Rpg,  Soc.  Sc.  Upsala,  1893,  Ser.  3,  vol.  xvi.;  Jahresb.  u.  d. 
Fortschr.  d.  Thicr-Cho/i.,  Wiesbaden,  1S93,  Bu.  xxiii.  S.  333. 
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idt  IttB  beesi  shown  nut  to  be  inueliL  but  a  luicleo-albnmin.     Other 
;  preset  in  bile  are^ — (1)  the  alkaline  salts  of  certain  organic 
acids  known  as  the  bile  aciiln;    (2)  the  bile  pigments;   (*])   traces   of 
lecithin,  cholesterin,  soaps,  and  I'ats  ;  (4)  mineral  salts. 

Both  the  t<:»tal  and  relative  amount  of  eacli  of  these  several  con- 
its  or  gronp  of  constituents  is  very  variable,  as  is  shown  liy  the 
IbUowing  table  of  analyses  of  Inuaan  liile  made  hy  ditlerent  oiiservers. 
The  mimliers  indicate  parts  by  weiglit  contained  in  1000  jiarts  by 
weight  of  bile :  *  — 


Twmn  Bilk  moM  Gali.  Bladdkr. 

BiLi  ynoM  ri*Tri,A\ 

Fk«lclu,» 

V,  C^or^lI^ 

B«MI1U.3 

Y*0  Mlfl 

ll4iirrouti.> 

and 
WlMtnn." 

BeLl/Mlir.l 

Water 

860-0 

86»-2 

8227 

808-1 

977-4 

987-lti 

985-77 

081-98 

938-08 

984-79 

T^italMllds 

140-0 

1408 

177-3 

101-9 

22-6 

12-84  ! 

11-23 

18-02 

11-92 

15-27 

Bpdiam  gtj- 

Sftdsum  tanr- 
oeholate 

102-2 

01-4 

107-0 

66-5 

10-1 1 

1-65 
0-55 

I  6-28 

f  7-51 
y  0-09 

3-56 
0-49 

I  3-49 

Ghoittilemi 

l-« 

s-e 

-  47-3 

0*56 

1 

(  0-45 

0-53 

Licitihin 

.., 

30-9 

0  05 

•  0-38 

O-Sfl 

'  0  7  5 

3i2 

9-2 

!'50 

J 

012 
,  0-97 

0-09 
0-15 

/ 

KiH^in    pig- 

1 

ment,  epi- 

y  26^ 

20-8 

221 

14  5 

2-3 

1-48 

1-72 

1-30 

1 

4-61 

etc 

J 

-  7-09 

.«^. 

6 '5 

7*7 

108 

6-3 

8-6 

8*11 

4'51 

7-58 

' 

1   tJ-41 

The  samples  of  bile  from  t]je  pnii  bladder,  analysed  by  Frentdin  and  Ly  v. 
GtJnip-Besauez,  were  obtiiiMed  itiime<liately  after  death  from  healtliy  subjects, 
tlie  others  were  from  biliary  fbtulre  of  lon^^  stulldiIl^^^ 


Specific  Coimtitmnis  of  Jiih\ 

Nucleo-proteid  of  bile.  ^  Land  web  r  ^  first  drew  attention  to  the  fact 
that  the  |>ercentage  composition  of  the  mncin  uf  bile  waw  ditlerent  from 
that  of  other  mucins,  and  that  no  redneiii*;  sn^^iir  was  f<a'iiied  uu  heating' 
it  with  a  mineral  acid,  but  attempted  to  explain  this  by  assuming:  that 

*  Bxtmcted  |Mirtifilly  from  Bunp;e,  '*  Lel>rliuih  <lcr  jshysiol.  uiifi  jwithoL  Chemie,'* 
leipdg,  1894^  S*  192;  and  partiully  from  Nivel  l^itoii  (UMf  HallVmr,  IlfjK  UiK  Ilmj.  VniL 
J*ft,,  Edin.,  1891,  vol,  iii,  p,  191. 

*  JtfiwiMWXT.  Ann. I  d.  (frs.  IlnfL,  18t;\  KF,  lid.  v.  S.  42. 

*  Prager.  Frtljse/ir.  f.  prnkL  rhnrnutkol,,  1S:>1,  IVL  iii,  H.  86. 
•ifer,  d,  deiiUeJi.  chcm.  Gfsu-nsch,,  BrrUn,  1H7:J.  M.  vi.  S.  WIO. 

*  Jtmm.  Phjfsiol.^  Cambridge  ami  Loiidun,  1884,  vi>L  v.  p.  IIU. 

*  Ibid.,  1889,  voL  X.  p.  213. 

^  Proe,  Roy,  Soc.  Lmdmi,  ltt90,  vd.  xhii.  \k  1[)9. 

'  Lac.  cU, 

^  Zi$chr.f.  phyiwl,  €h*m,^  Strassbur^p  1881,  Bd.  v.  8.  37L 
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a  glycogen-like  substance  was  present  in  the  other  mucins,  which,  on 
boiling  with  a  mineral  acid,  formed  a  reducing  sugar  ;  this  substance  he 
supposed  to  be  absent  in  bile  mucin,  and  hence  no  reducing  sugar  was 
formed  on  heating  it  with  a  dilute  mineral  acid. 

PaijkulP  afterwards  proved  that  the  mucin-like  substance  which 
gives  bile  its  viscidity  really  belongs  to  the  nucleo-proteids.  If  bile  be 
precipitated  with  dilute  acetic  acid,  the  presence  of  the  bile  salts 
prevents  the  precipitate  from  redissolving  in  excess,  and  so  causes  it  to 
simulate  a  mucin  ;  but  if  the  bile  salts  are  removed  by  dialysing,  or  by 
precipitating  the  substance  with  alcohol,  centrifugalising  and  quickly 
redissolving  in  water,  the  precipitate  readily  redissolves  in  excess  of 
acetic  acid,  and  in  this  respect  resembles  a  nueleo-proteid  and  not  a 
mucin.  Also,  when  the  substance  is  precij)itated  by,  and  just  redissolved 
in,  dilute  hydrochloric  acid,  and  then  sul>jected  to  peptic  digestion,  a 
substance  is  i)reci])itated,  which  by  its  percentage  of  phosphorus  can  be 
recognised  as  similar  to  the  nuclein  yielded  under  like  conditions  by 
nucleo-proteids.  These  facts,  together  with  the  much  higher  percentage 
of  nitrogen  (14  to  16  per  cent.)  than  mucin  which  it  contains,  and  its 
failing  to  yield  a  reducing  sugar  on  boiling  with  dilute  mineral  acids, 
show  the  sul)stance  to  be  a  nueleo-proteid  and  not  a  mucin.  The  quantity 
of  this  substance  present  in  bile  is  very  variable  but  always  small, 
amounting  in  ox  bile  to  about  one  per  thousand.^ 

The  bile  salts.— There  are  found  in  bile  the  salts  of  a  number  of 
organic  acids  of  complicated  structure,  which  are  closely  allied  to  one 
anotlier ;  these  salts  are  collectively  called  the  bile  salts.  They  are  not 
found  in  healtli  in  ap])reciable  quantity  elsewhere  than  in  the  bile,  and 
usually  occur  as  sodium  salts,  except  in  the  bile  of  some  sea  fishes,  in 
which  tlioy  are  present  as  potassium  salts. 

Since  l»ile  is  so  easily  obtainable  in  quantity,  it  is  not  surprising  that 
it  should  (^arly  liav(i  attracted  the  notice  of  the  physiological  chemist. 
Th('nai'(l,  in  1809,  working  witli  ox  bile,  was  the  first  to  obtain  any 
scientific  knowledge  of  the  bile  acids.  He  distinguished  two  com- 
ponents in  ])ile,  one  ])reci])itated  by  acetate  of  lead,  which  he  called 
hilc  rrsin,  and  a  sohil)le  ])art,  which  he  named  pirromel.  He  seem.s 
to  Iiave  rouLrhly  se])arated  in  an  im]>ure  condition  those  two  most 
conmionly  ((ccnrring  bile  acids,  wliitfh  we  know  to-day  as  glycocholic  and 
taurocholic  acid,  l)y  a  method  not  widely  ditfering  from  that  most  useil 
at  the  ])res(Mit  time.  He  ])reci])itated  bile  with  neutral  and  basic  acetates 
of  l(^ad,  and  tluMi  extracted  tlie  precii)itate  with  nitric  acid ;  the  insoluble 
])art  left  lichind,  his  rc.^ni  of  hilc,  was  impure  glycocholic  acid.  The  filtrate 
he  rcpi'eci])itated  witli  excess  of  acetate  of  lead,  collected  the  })recipitate, 
and  (lec(»ni])os(Ml  it  by  a  current  of  sulphuretted  hydrogen,  thus  obtaining 
his  /flcrn/nri,  wliich  must  have  corres])onded  to  ini])ure  taurocliolic  acid. 

In  JSi!(>,  (Iniclin  jnihlislicd  a  memoir^  in  wliich  is  described  a  large 
number  «if  ])\\r  (Mmstitucnts :  amongst  tlicin,  one  corrcs])onding  t«» 
glycocholic  ncid,  which  he  obtained  in  a  crystalline  form  :  and  another 
substance,  tauiinc,  of  which  lie  was  the  discovfM'er,  although  he  wrongly 
suppftsecl  that  it  existe(l  ready  formed  in  the  bile.  The  next  im])ortant 
advance  was  made  hy  Demarcay,^  w  ho  obtained  a  substance  (Cholcin^(nirr) 
which  yielded,  on  heating  with  acids,  taurine  and  a   resinous  substance, 

>  ;{fsrj,r.  /*.  j'lo/sioL  ('/,.  n>..  Stni^^l.uT-.  ISS^.  Pxl.  xii.  S.  ]W.  -  Paijkull,  loc.  €■■(. 
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ftD(J,  on  treatment  with  alkalies,  armnoiiia  and  ft  non-iiitrogenous  acid, 
coiresjM.ioding  to  what  to-day  iw  culled  eliuialic  aeid. 

In  1844,  Pkttner^  succeeded  in  obtaining  the  l)ile  Riilts  in  a 
cn'i^ialliDe  form,  and  so  laid  a  sure  foundation  for  all  succeeding  work  ou 
the  isolation  am!  study  of  the  bile  acids.  He  also  showed,  by  boiling 
this  crystalline  pro*iuct  with  acid,  that  taurin  is  a  decomposition  product 
and  does  not  exiiit  as  aueh  in  bOe.  Eedtenliaeher  -  previously  to  this  had 
shown  that  tliis  bcnly  eonttiins  sulphur,  and  established  its  formula  as 
(yi^NSOj.  Plattner^  afterwards  discovered  a  siiujder  method  of 
obUiining  the  mixetl  liile  salts  in  crystalline  form,  lie  eraKentnited  the 
bile  witliout  decolorisincj,  and  then  added  an  excess  of  jtlcohol,  warniedj 
and  aftei'  some  time  liltered  and  addeil  etlier,  till  a  l>rown  sticky 
precipitate  begjin  to  fall ;  this  was  allowed  to  settle,  and  the  clear  fluid 
decants!  off,  cooled,  and  treated  with  more  etiicr  frf^m  time  to  time. 
The  bile  salts  alone  being  the  only  couKtituents  which  are  soluble  in 
water  and  alcohol,  and  insohdjle  in  ether,  are  slnwly  thrown  out  of 
aolution;  and  on  standing  for  some  days  or  weeks  In  the  cold,  under  the 
alcoholic  ethereal  mother-liquid,  form  themschesinto  l>all-sliaped  masses, 
or  starlike  clusters  of  fine  needles,  wliich  increuse  in  size  on  standing. 
This  crystalline  mass  is  known  as  "  iiutinfra  crijstifUkrd  hlk.'*  The 
crystals  are  dried  between  tilter-jiajier,  wasbeil  with  alcohol,  containing  1 
in  10  of  ether,  purilied  by  recrystallisjitiou, and  dried  iiver  suli»huric  acid. 

This  discovery  of  Plattrier*s  pavetl  the  way  for  the  classical  researches 
of  Strecker,  to  whom  we  owe  the  greater  part  of  any  exact  knowledge  we 
have  of  the  bile  acids.  Strecker  ^  lirst  showed  that  *'  riiffhtfrsi't-i/dftl/isal 
hiif''  consists  of  a  niLxture  of  the  sodium  sails  of  two  acids,  which  are  so 
relate«l  t<>  each  other  that  they  yield,  on  boiling  witli  aeids,  a  connnon 
non-nitrogenous  constituent,  cbMhiHc  acid,  aiicl  a  nitrogenous  constituent, 
which  in  both  cases  is  an  amido-iicid.  One  of  these  anurlo-acirls  ia 
glycocoll  or  amidoacetic-aeid,  the  otlier  taurine  or  aniidoctJiylsuljdionic- 
acid.  Of  the  two  bile  acids  the  one  which  yields  glycocoll  and  clndalic 
acid  is  called  glvcoclmlic  acid,  while  the  other,  which  yields  taurine  and 
cbolalic  acid,  is  named  taurocholii-  acid. 

Cholic  or  cbolalic  aciil  is  not,  however,  the  only  basis  ol'  the  thlTerent 
varieties  of  bile  acids :  other  acids  closely  allied  to  it  in  ]iercentage  com- 
position, but  quite  distinct  from  it,  have  been  isolated*  hi  ox  bile  aliout 
a  third  part  of  the  cbolalic  acid  is  replaced  by  an  acid  called  chideic 
acid.^  In  luunan  liile  an  acid  called  fcllic  acid^'has  been  described  as 
occurring  along  with  eliolalic  ami  ebolcic  acids ;  and  modilic^il  cbttlalic 
acids  are  present  in  tlie  byoglycMcbulic^  acid  of  ]ugs  bile  and  the  cheno- 
tiiurocholic  acid  of  goose  bile.  ]S'oh<^  of  these  substilutcs  i>f  cfiolalic 
acid  occur  free  in  liile,  but  always  cumhined  with  glycocoll  nr  taarine 
to  fonn  modified  glycochrdic  or  taurochrdie  acids;  they  are  all  soluble 
with  difficulty  in  water  ami  etfier,  and  easily  solulile  in  alcohol.'^ 

^Aun,  d.  Ch(m„  Mpziif,  1841,  W,  li,  S.  IOj,  *  IhitL,  1346,  Ikl.  Ivii.  S.  170. 

*  Jprnm.  f,  prakt.  Ckem.,  Leipdg,  1847,  H-i.  xi.  S.  129. 

*^iiii.  d,  Chem.,  U\\mg,  1848,  B<L  Ixv.  S.  1  ;  1S4S,  li.l.  Ixvii.  S.  1  ;  18 li^,  Bd.  Ixx. 
8.  uy. 

■  Litschinoff,  Ber,  d.  dentscL  ch^7/i.  Otsdhch.,  litilii],  1885,  Bd  xviii.  S.  3039;  1886, 
Bel  xix.  S.  n4f>-   1887,  ]U.  XX.  H.  1043. 

•  fe/tin4aure  nf  Schuttfn,  Zfsthr.f.  ph]mi>L  ('hem,,  Stmsslmrg,  1887,  Bil-  xi.  S.  2r>8.  Sec 
ilso  Li««af- Colin,  Ber.  d.  tkutitch.  chitn,  tJr^dhcb.,  B<iliii«  1>IH,  lid,  xxvii.  S,  IXiU, 

^  HitDTuanitpn's  *' U'hrhutjh,"  iwnri,  S,  lt*M.  Hi-  .itsirilM^  a  third  variitv  of  Lih'  acid, 
foand  in  shark's  bile,  which  is  rich  iu  8iil|dmr,  ntid  from  uhirh  boiliniLC  with  hydrochloric 
•dd  splits  off  sulpliuric  acirh 
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The  alkaline  salts  of  the  bile  acids  are  soluble  in  water  and  alcohol, 
but  insoluble  in  ether,  and  these  solubilities  form  the  basis  of  Plattner's 
method  of  separating  them  from  the  other  biliary  constituents.  This 
is  best  done  by  mixing  the  bile  with  freshly-heated  animal  charcoal, 
evaporating  to  complete  drjTiess,  and  then  extracting  with  absolute 
alcohol,  which  takes  up  the  bile  salts  along  with  cholesterin  and  traces 
of  lecithin,  fats,  and  soaps ;  but,  on  addition  of  excess  of  ether,  only  the 
bile  salts  are  thrown  out  of  solution. 

The  relative  amount  of  each  of  the  bile  acids  present  in  bile  varies 
within  wide  limits.  In  the  bile  of  carnivora,  glycocholate  of  sodium  is 
present  in  very  small  quantity ;  for  example,  the  l)ile  salts  of  dog's  bile 
consist  exchisivoly  of  taurocholate  of  socGum,^  while  in  most  herbivora 
the  glycocholate  is  usually  present  in  greater  quantity  than  the  tauro- 
cholate ;  to  this  rule  the  goat  and  shee])  are  said  to  be  exceptions. 

In  human  bile  most  of  the  eholalic  acid  is  combined  with  glycocoll, 
occasionally  the  whole  of  it.'^  Ilammarsten's  ^  analysis  of  the  mixed  bile 
salts  of  healthy  human  bile  gave  13*1  per  cent,  taurocholic  acid,  86*9 
])cr  cent,  glycocholic  acid.  Since  glycocholic  acid  is  sulphur-free,  and 
the  ])erccntage  in  taurocholic  acid  is  known,  the  relative  amount  of  the 
two  acids  may  be  determined  from  the  percentage  of  sulphur  in  a 
])re])aration  of  ]*lattnrrs  crystallised  bile,  obtained  from  any  given  sample 
of  bile. 

The  isolation  of  each  of  the  bile  acids  from  a  mixture  of  their 
salts  is  usually  a  lengthy  and  ditHcult  process,  especially  in  the  case  of 
taurocholic  acid,  which  can  only  with  great  ditlicidty  be  freed  from 
glycocholic  acid,  so  that  taurocholic  acid  is  usually  prepared  from  dogs 
bile,  while  glycocholic  acid  is  ])repared  from  ox  bile. 

linth  free  acids  behave  like  their  sodium  salts  in  being  soluble  in 
alcohol  and  insoluble  in  ether,  but  difler  in  that  taurocholic  acid  is  easily 
soluble  in  water,  wliile  glycocholic  acid  is  soluble  with  great  (hfticulty. 
On  this  ]»ro])crty  is  based  the  simplest  method  of  obtaining  pure 
ixlycocliojic  ;i('i(l,  that  of  Ifiifner:^  unfortunately,  the  i)resence  r»f 
taurocliolic  acid  confers  solubility  on  the  glycocholic  acid,  so  that  the 
method  often  fails  when  too  much  taurocholate  is  i)resent  in  the  sami>le 
of  hile  exjierJTiieiited  u]»on. 

Tlic  inctlind  consists  in  adding  to  fresh  ox  bile  a  few  drops  of  hydrocldoric 
aci<l,  and  liltcrinj^'  from  the  j)recipitate(l  j)sendo-mucin.  To  100  c.c.  of  this 
lihrat*.'  o  c.c.  of  concentrated  hydruchloric  acid  and  30  r.c.  of  ether  are  added. 
Tlic  liytlrocliloric  acid  sets  free  both  bile  acids,  and  the  glycocholic  acid  is 
I>rcci]»itat«Ml  in  crystalline  form  (unless  too  nuK^h  taurocholic  acid  he  present), 
eitlicr  inMiictliatcly,  or  on  standing  some  hours  in  the  cold.  The  ether  added 
aids  in  the  jiroihiction  of  this  crystallhie  precipitate,  which  is  next  washed 
witli  acidulatc<l  wiiter  saturated  with  ether,  and  finally  recrystallised  from 
])oilin:^'  water, 

Mar.-liall  '  t(-stcd  Iliifner's  method  witli  0't3  samples  of  ox  bile,  and 
o1)taiiie(l  a  precipit.ition  in  121  cases.  A  simihir  method  was  employed  ]>y 
Stre«kci-/''  iisinLT  a  watery  sohition  of  crystallised  hile  instead  of  fresh  bile. 

'Stnck<r.  >-/////.  '/.  cju/n.,  Lripzii:.  18  ;o.  jvl.  Ixx.  S.  17S:  Iloi.pc-Seylpr.  Journ.  f. 
prcl-f.  f '/">,>.,  l,.ii./ii:.  !>♦;;',.  IM.  Ixxxix.  S.  2^:3. 

•-.f,e-..l..ni,,  L'.r.  <l.  .hv'srh.  ch-ni.  fIrsJhrh..  n.-rlin,  1873,  Hd.  vi.  S.  1028. 

-  Srj.n>!.}t's  .r<j, ,■}...    Lrij./iLT.    ]>7l».    IM.    clxxxi.    S.    '.. 

■•.A/A/vvA.  //.  ,/.  F„rts.-hr.  ,1.  Tlu>  r-< 'hr,n.,  Wirsluidcii,  1S74,  IM.  iv.  S.  301. 
r.  '/u.,.1. .-    f   -V.;.  .■..■•-./    /  ■/ c< — .1.......    ivv-    iM    ,-;    c    o->o 
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The  different  flohibilitit'8  uf  the  lead  ealU  of  the  two  acids  pTOvifal 
another  meaus  uf  separating  glycocholit^  acid ;  the  separation  of  pUdi 
tmrocholic  acid  from  the  mLxtiire  by  this  methoil  la  more  ditlieidt. 

Glycocholate  of  lead  is  thrown  out  of  solution  on  tho  addition  of  neutral 
ic«Ute  of  lead  to  a  solntitm  of  a  mixture  of  the  bile  Halts ;  tlic  reaiaindcr  of 
the  glycocholate  and  all  the  taiirochnlate  are  thrown  down  on  the  addition  of 
ammonia  or  of  basic  acetate  of  lead  to  the  filtrate. 

Fresh  ox  bile  is  treated  with  alcohol  to  precipit«ito  the  pseud o-miicin. 
The  alcohol  is  evaporated  ofF,  and  neutral  acetate  of  leail  added  as  loug  as  a 
precipitate  forms  ;  this  precipitate  ia  collected  and  decom[)oscd  by  wsirming 
with  a  solation  of  sodium  carbonate^  whereby  sodium  glycocholate?  is  formed  ; 
the  mixture  ia  next  evaporated  to  dryncjis,  and  extracted  with  alcohol,  in  which 
the  sodium  glycocholate  dissolven.  This  alcoholic  aolntion  is  tTitered,  the 
filtrate  18  evaporated  to  dryne^ss,  and  tlie  residue  is  dit^solved  in  wiiter.  The 
watepy  golution  of  sodium  glycocholate  wi  obtainiMl  is  decolorised  witli  animal 
charcoal,  and  the  gljcocholic  acid  thiown  out  of  sulution  by  adtling  a  uriucral 
icid.  Finally,  it  can  be  rccrystalliseib  either  froui  boiling  water,  or  by  tlie 
addition  of  ether  to  its*  alcoliohc  solution.  Ta\irochoiic  arid  can  be  obtained 
fronr  the  iiltrate  from  neutral  acetate  of  lead,  by  fractional  precipitation  with 
basic  acetate  of  lead,  as  tlje  remaining  glycocholate  iniprecipitated  by  the 
neutral  acetate  is  preci  pi  kited  by  the  portion  of  l^asic  acetate  tirst  added»* 
Baeic  acetate  of  lead  is  Btirred  iuto  the  Hltrate  from  the  neutral  acetate,  until 
the  precipitate;  commences  to  gather  into  a  stii  ky  ma.<H,  when  the  addition  is 
discontinued,  and  the  si^ution  decanted  ^^f^  from  the  preci[>itate.  ^Moro  basic 
tcetate  solution  is  now  adtled,  and  throwB  down  a  plastic  nitiss^  consisting  of 
fairly  pnre  tnnrocholatc  of  lead.  Thif*  precipitate  is  <lissolved  in  boiling 
alcohol,  filtered  warm  into  water;  and  the  resulting  reprecipitated  mass,  after 
being  puritied  by  kneading,  is  dried,  dissolvrd  in  a  small  (juimtity  of  alcohol, 
decomposed  with  sulphuretted  hydrr^g-  n,  tiltered  from  lead  sulphiile,  and 
dried  at  first  in  the  air,  afterwar<:ls  in  a  vacimm  over  snlphuric  acid, 

Taurocbolic  acid  i,s,  however,  best  prc.']>!n'oil  Itoui  dog\s  Idle,  as 
described  by  Farke.^ 

The  bile  is  evaporated  down,  extr.icti^d  with  alioliul,  decolorised  witli 
animal  charcoal,  evapc^ratcd  to  dryness,  di.ss<)lved  in  absolute  alcolnd,  and 
treated  with  excess  of  ether.  After  wome  time  the  rryjstalline  precipitate  of 
aodium  tanrocholate  so  obtaiueil  is  dissolved  in  water,  and  the  solutions 
precipitated  with  acetate  of  lead  and  ammonia.  The  precipitate  is  collected, 
waahed,  suspended  in  alcohob  or  dissolved  therein  l»y  boiling,  and  decomposed 
bf  atUphu retted  hydrogen.  The  filtrate  from  sulphiilo  of  lead  is  eva[M>rated 
to  a  smaO  volume,  and  mixed  with  excess  of  elher^  when  the  taurocbolic  acid 
ia  pfecipitated  as  a  syrup^  in  which,  after  some  time,  small  crystals  appear 
Iliese  are  in  the  form  of  fine  needles  which  delifiuescc  in  tlie  air. 

Gli/cocholk  acid  (CaflTIiaNOg)  in  a  iiiniiDbaMir'  neid,  cryjr^talliKing  in 
long  fine  needles,  which  fell  to^^ctber  into  a  li;j;ht,  volunHnouH  nuis.n 
when  fitHt  formed  from  a  solution,  and  on  ilryiiig  b>rm  a  loose,  fsiiowy 
white  ioas8  with  a  silky  glanec\  Tlio.se  crystals  inelt  at  lUU'  C,  losing 
water  in  so  doing  and  forming  glyeoelioktnic  aoid ;  tliey  are  very 
sparingly  Rolulde  in  cold  water  (1  in  *iUO),  somewhat  more  siduble  in 
Vjiling  Waaler  (1  in  120),  and  so  can  easily  be  reery^talliseil  from  hot 
water;  they  are  easily  Boluble  in  alcohol  uud  ia  acetic  acid,  but  sniuble 
in  ether  with  great  difficulty.     Glycoebolie  aei<l  and  its  salts  m  Bfduiinn 

*  LieberkabTi,  Jahrrsk  iu  d.  Forhrhr.  d,  r/fs.  Mtif.f  Erlaiigi'ii,  I&5-2,  13*1.  i.  S,  113, 

*  Boppe-Seyler'i  Med.'CktTjK  UnifrsucJu,  Hrrlirj,  S.  lUO. 
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rotate  the  plane  of  polarised  light  to  the  right ;  in  alcoholic  solution  the 
specific  rotatory  power  for  the  acid  is  +20°-0,  for  the  sodium  salt  +25"' "7 
(Hoppe-Seyler).  The  salts  of  the  alkalies  and  alkaline  earths  are 
soluble  both  in  water  and  in  alcohol,  those  of  the  heavy  metals  are 
mostly  much  more  insoluble  in  water,  so  that  addition  of  salts  of  such 
metals  as  lead,  copper,  iron,  or  silver,  causes  precipitation  of  the  corre- 
sponding glycocholates.  The  lead  salt  is  soluble  in  rectified  spirit,  from 
which  it  is  precipitated  on  the  addition  of  water.  The  acid  and  its 
salts  possess  a  peculiar  taste,  sweetish  at  first,  but  afterwards  intensely 
bitter. 

Taurocholic  acid  (C2eH45NS07),  also  a  monobasic  acid,  is  crystallisable 
with  difficulty,  forming  fine  deliquescent  needles.  It  is  very  easily  soluble 
in  water,  and  also  possesses  the  power  of  carrying  glycocholic  acid  into 
solution  when  that  acid  is  simultaneously  present.  It  is  exceedingly 
soluble  in  alcoliol,  but  insoluble  in  ether.  In  solution  it  possesses  a 
bitter-sweet  taste,  which  is  shared  by  its  alkaline  salts.  The  salts  are 
generally  easily  soluble  m  water,  and  a  solution  of  an  alkaline  tauro- 
cholate,  unlike  that  of  a  glycocholate,  is  not  precipitated  by  the  usual 
salts  of  the  heavy  metals,  such  as  copper  sulphate,  silver  nitrate,  or 
neutral  lead  acetate  ;  basic  lead  acetate  does,  however,  precipitate  it,  and 
the  compound  so  formed  is  soluble  in  boiling  alcohol. 

Taurocholic  acid  is  not  nearly  so  stable  a  compound  as  glycocholic 
acid,  it  decomposes  on  boiling  in  aqueous  solution,  or  in  evaporating  to 
dryness ;  hence  the  dry  pure  acid  has  never  been  prepared  or  analysed, 
and  its  formula  has  been  deduced  from  analogy  with  glycochohc  acid, 
and  from  analyses  of  its  more  stable  salts.  Its  solutions  rotate  the 
plane  of  polarisation  to  the  right,  like  glycocholic  acid.  The  specific 
rotation  of  the  alcojiolic  solution  of  the  sodium  salt  is  +24°*5.  Potassium 
taurocholato  (K'curs  in  the  bile  of  many  fishes;  it  possesses  the  peculiar 
property  of  l)eing  completely  thrown  out  of  solution  in  water  by  the 
addition  of  soluti<jn  of  caustic  potash,  and  so  may  be  prepared  by  adding 
this  rea;^^<'nt  to  an  aqueous  solution  of  an  alkahne  taurocholate. 
Analyses  of  this  salt  by  Strecker^  established  its  formula  as 
C,,jlf^,KXSO;,  and  analyses  of  the  sodium  salt  gave  a  corresj)onding 
result,  from  which  it  follows  that  the  formula  of  taurocholic  acid 
itself  is  r,,;II,,XS().. 

Ifil<>'iliirnr]inlif  arid  is  an  acid  found  in  ])ig's  bile,-  which  yields  on  deconi- 
posilinn  ^lycocoU,  like  ordinary  glycocholic  acid,  hut  an  acid  differing  in 
coniixisilion  and  behaviour  from  ordinary  cholalic  acid  (Co4H4,^0.,),  and 
called  liyocjiolalic  acid  (CrJI,,/),).  This  acid  differs  from  cholalic  acid  in  not 
bein^'  so  easily  crystallisable,  and  in  having  a  difficultly  soluble  barium  salt. 
Scvciin  Jolin  '  states  that  pig's  bile  contains,  as  principal  bile  salts,  the  sodium 
salts  of  two  dillercnt  hyoglycocholic  acids,  each  of  which  yields  on  decomposi- 
tion L^lyi'oroli  and  a  hyocholalic  acid  (a  and  ^).  The  two  hyoglycocholic  acids 
are  di>tin,L,Miislied  ])y  the  different  solubilities  of  their  sodium  salts  in  neutral 
salt  Solution-.  Tin;  /i-salt  is  present  in  much  greater  quantity;  but  the 
distin^ui<l)iiii^'  cliaracter  of  pig's  bile,  tliat  it  is  precipitated  hy  saturation  with 
various  neutral  salt^,  is   not  «lue  to  the  ft-  l)ut  to  tlie  adiyoglycocholic  acid. 

'    Lor.   rif. 

-  Stn-ckf-r  aiil  Grnn-lrl.irli,  yfyni.  d.  ('h^m.,  Leipzig',  1S47-0,  lid.  Ixii.  S,  -205  ;    Vn\.  l\x. 
S.  17'.'. 

^  ZUrhr.  f.    pinjnoJ.    ('firm..    Strassl.urg,    1SS7-9,    B<1.   xi.    S.    417;    IVl.    xii.   S.    r.l2: 
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Ihe  two  hjocholalic  acids  show  analogous  ditlerences  to  the  two  hyoglycocholic 
Kids-  The  formula  of  a-liyoglycocholit:  acid  is  C^^H^^NO^,  tliat  of  /S-hjo- 
gljoochoJic  acid  is  CogH^jNO^, 

Taurochenocholir  aeidf^  the  principal  bile  acid  of  gooFe  bile,  has  the 
formala  Cj^^Hi^NSOg,  has  not  heen  crystalliHed,  imd  is  soluble  in  water  and 
ilcohoL  From  this  acid  Heintz  and  WisHeenufl*  prepared  chenocholic  acid 
(Cj^H^/Ji)  ;  this  is  itself  crystallised ik  witli  ditliculty^  but  yieMs  a  barium  salt, 
which  is  insoluble  in  water  and  can  easily  be  obtained  in  a  crystalline  form. 

PetUtiko/ers  ^-^^  for  Ink  a^irU^ — When  bik^  m  gently  wannetl  with 
coDcentrated  sulphuric  acid  and  eane-8ujj;ar,  a  beautiful  purple  or 
purplifth-reil  colour  develops,  becouiing  (beeper  fni  .standing.  The  colour 
IS  due  to  an  interuetinn  between  the  bile  sjilts,  or  ebolalic  acid,  ami  a 
sahdtance  aiUed  fuifurol  or  furfuraldehyde  developed  b}'  the  action  of 
the  strong  sulphuric  acid  mi  the  caue-Hiigar ;  *  hence  the  test  may 
be  more  satisfactctrily  carried  out  where  oidy  traces  of  bile  salts  are 
inspected,  by  using  a  solution  of  furfurol  (1  per  1000)  instt?ail  of  cane- 
sugar. 

To  carry  out  the  test  in  the  orilinary  mauner^  add  tu  a  ilrnp  iir  two  nf  the 
bUe,  or  fluid  Buspectod  of  containing  hi  In  acids,  a  drop  of  fitr*:ing  sulpliuric 
acid,  taking  care  timt  any  great  rise  in  teniperatnre  does  not  occur ;  spread  the 
mixture  out  in  a  thin  lilm  in  a  |i<jrcelain  capstde,  and  either  add  a  drop  of  a 
10  per  cent  solution  or  a  small  cry.stal  of  cane-.^ngar :  if  tlie  violet  eidour  does 
not  apfjtar  at  once,  warm  very  g^utly.  To  carry  out  the  test  with  furfnrul,  one 
dtop  of  a  solution  of  furfurol  (1  per  lOOU)  is  added  to  1  c.c.  of  an  alcoliohc 
aolutioii  of  bile  salt^,  and  1  c.c.  of  concentrated  suljdoiric  acid  is  added 
cautiously  to  this,  so  as  not  to  overheat.  In  this  manner  ^\—  ^\^  of  a  nulligramme 
of  cholalic  acid  may  be  detected,^ 

The  test  with  sugar  may  1m?  easily  spoiled  by  uverbeatini:  or  when 
too  much  sugar  is  used,  wbicli  fuvourj^  rarln^nisatiiuu  1  ln^  presence  of 
sulphurous  acids  or  nitrous  fumes  in  the  sulphuric  mid  is  also  unfavour- 
able to  the  reaction,  fStronj^  pbnsplioric  ai-id  may  be  used  insteiid  of 
sulphuric  acid. 

Many  other  substauees  give  a  sinular  n^acliou.  Petteukoler  liiiuself 
was  aware  that  proteida  gave  a  similar  colnur,  though  mutdi  k'ss  easily. 
By  subser[uent  observers "^  a  large  number  of  snbstum-es  giving  cnlnur  re- 
actions with  furfund  have  been  described;  amongst  thi^sc  miuiy  phenols 
and  aromatic  bases  are  inclmled,  sranc  of  wtucb  are  also  bnujd  in 
the  urine,  v.  Udninszky"  gives  a  list  of  nvcr  forty  substances  which 
give  colour  reactions  with  fiu'ftnoh  Init  nouo  cxrrpL  «-naphllird  bIuvw 
the  reaction  with  the  mme  delicu<'y  as  the  liile  sails.  That  the 
coloured  substance  so  prtnluocd  is  not  in  nil  cases  tlie  sjune,  is  -shown 
by  the  fact  that  some  jiossess  no  absorption  s]HH-trnm.  and  that  the 
spectra  of  the  otliers  dilVer  from  one  an ot tier.  In  this  way  the 
spectrum  of  the  colour  given  by   the  bile  sidls  rmiy  be  distingnished 

'  M«fw>n.  Arch,  d,  Pharm,,  Bd.  Ivii,  S.  1^8. 

^  Ann.  d.  Oum.,  Leipzig,  1841,  Bd.  lii.  S.  90. 

^MyliuB,  ZUchr,/.  phynoi,  Chem.,  Strassbuig,  1S87,  IM,  xi,  S,  452. 
»  V.  Udninsiky,  ibid.,'im9,  M.  xti.  S.  355. 

•  Baever,    Ber.   d,  ukut^h.   chnn,   GfseUrtrh.^  Bod  in,  l.S7:i,    H«l.    v.   S.  26  ;    8t<.'iiboiist\ 
Ann,  d.'Chem.,  I^in«g,  1870,  B^f,  dvi.  8.  197  ;  Sdnlf,  ihui,,  Bil.  cri.  8,  355. 
'  Loc  cU.     DrecWl,  jQum.f.  prnht.  Chem,,  Ldpjilxp  l^d.  Jtxvii.  »S,  424. 
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from  the  t>thers         two  bands,  one  between  the  solar  lilies  D  and  E 
near  to  E,  the  other  it  R^ 

The  bile  salts  proc  ace  great  slowing  of  the  hearths  beat,  which  may  be  tiscd 
as  a  physiological  test  For  tbem  in  confirmation  of  Pett^nkofer's  reaction.  In 
a  curarised  frog  the  hi.  iirt  is  ex|x>sedj  the  pericardium  removed,  and  the  action 
of  the  vagus  puralyseii  by  atropine  ;  on  now  adding  a  drop  of  a  &oliiiioti  of  a 
bile  salt,  the  rliythm  of  the  heart  ii^  greatly  i*ii>wed*- 

Cleavage  produ<:t8  of  the  bile  acids. — All  the  bile  acids,  under  the 
action  of  hydrating  ,igents,  ^plit  up  iutf^  two  coin^atneuts,  of  which  one 
is  always  either  gljcoeoll  or  taiirin,  and  the  other  a  non -nitrogenous 
monobasic^  iu  i<l  which  may  \\e  ehoklic  acid  or  one  of  several  allieil  acida. 


GlycocoU  and  tauri  t 

of  substanuey  Cidled  ai  J 

hydrogen  a  tun  is  are  re 
amido-aci«  1h  are  proh' 
their  allies  the  albmn 

The  prut:eti,H  of  hydi 
with  hydr<  rhloric  acid, 
and  hj'droi.'lilorate  of  g] 
slowly  lose  \\\\\tx  and  | 
p.  382) ;  tlae.se  being  :  ^ 

completed,  a.s  ^iliowii  bj  re 

to   cool   aiid    the   d}!*lysni!?  e< 


[lies,  belonging  to  that  claiw 
acids,  in  whieh  one  or  more 
iiidogen  (NH.).  Both  these 
breaking  up  of  proteids,  or 

directly  from  bile,  by  heating 
I  revei'sed  condenser.  Taurin 
thi?  free  cholalic  aidtU,  whicli 
eir  anhydrides  (the  dyslysins, 
I.  As  sooQ  as  the  teaction  i^ 
^■nKofcr*s  testj  the  fla&k  m  allowed 
Till'   tiltrale^  which   contains    the 


amido-acid-,  is  suongly  eoneetiirateu,  »,*^,  while  still  waim,  decanted  from  the 
sodium  chlijride  which  has  crystallised  out.  It  h  next  evapuriited  to  com- 
plete dryue.'ss  and  treated  with  absuhite  alcohol,  which  takes  up  the  glycocoll 
hydrochloiiit*^  and  loaves  the  taurin  behind.  The  residue  ig  dissolved  in  a* 
small  a  qiumtity  as  [Missible  of  warm  uatcr^  and  liltcred  while  warm  ;  to 
this  filtrate'  a  little  ak'ohol  is  iidtledj  and,  on  slowly  eooling,  erystab  of  Unrin 
are  formed. 

The  al(  oliul  js  evaporated  from  the  alcoholic  extract  containing  the  glycocoU 
hydrochl()T^iU\  and  water  is  added ;  lo  the  watery  snhuion,  hydrate  of  lead  ie 
added,  wh«  n  in^^ohthle  lead  cbl<TMp  m\A  a  s^lhib]e  lead  cnm pound  of  j^lycocoH 
are  formed.  Tne  iaiier  is  separated  in  solution  oy  niirauon  ;  into  ihe  soiuuon 
a  stream  of  sulphuretted  hydrogen  is  passed,  the  lead  sulphide  is  filtered  off, 
and  the  filtrate  is  concentrated,  until,  on  cooling,  free  glycocoll  crystallises  out. 

The  free  cholalic  acids  ^  can  be  recovered  from  the  dyslysins  formed  in 
the  first  step  of  the  above  process.  The  dyslysins  are  removed  from '  the 
filter,  and  boiled  with  dilute  alkali,  when  they  take  up  water,  and,  combining 
with  some  of  the  alkali,  are  converted  into  soluble  alkaline  cholalates.  On 
acidifying  with  hydrochloric  acid,  and  evaporating  to  dryness,  the  cholalic 
acids  can  be  extracted  with  a  small  quantity  of  hot  alcohol,  from  which  they 
crystallise  on  cooling,  or  on  the  addition  of  excess  of  ether. 

(jlt/roafil,  i/Ii/rocin(\  or  gli/cinc,  is  amido-acetic  acid  (NHjj.CH^COOH). 
Besides  occurring  combined  with  chcdalic  acid,  as  glycochoUc  acid  in  the 
bile,  it  is  found  in  the  urine  of  certain  animals  and  occasionally  in  man, 
comlnncd  with  benzoic  acid,  to  form  hippuric  acid,  and  is  formed  as  an 
end  hydration  product  from  gelatine  and  similar  substances. 


^  KiKsclilakotr  and  liogonioloff,  Ccufrulbl.  /.  d.  mcd.  Wissnufch.,  Berlin,  1868,  B<1.  vi. 
S.  529.  In  this  i.ajKT  four  bands  are  described.  Bogomolotf,  ibul.,  1869,  lid.  vii.  S.  529  ; 
Schenck,  Jahrcsh.  ii.  d.  Fortschr.  d.  Thir.r-Chem.,  Wiesbaden,  1872,  Bd.  ii.  S.  232. 

^  Mackay,  yirch.f.  crpcr.  Path.  n.  I'hurmakol.,  Leipzig,  1885,  Bd.  xix.  S.  279. 

^  Tlie  term  "cliolalic  acids"  is  used  to  signify  cholalic  acid  and  its  allies. 
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It  crystal lii^es  in  colourless  rliomlxjliednL,  tir  in  four  witletl  jstlsuk'^j  whicli  have 
iFwe«t  taste  and  dissolve  easily  in  cr>U  water  {1  in  4'3) ;  in  akohol  and  ether 
tiiey  are  insoluble.  GlycoctiU,  like  other  aiiddi-tn  ids,  can  aet  ehemirally,  either 
as  a  bas^  or  an  acid  in  forming  componnds  with  at-ifls  and  Wses  rei^jiectively. 
kM  a  type  of  thcxsc  conihinationa  with  ha.ses,  the  copper  compound  may  be 
Idcen.  When  freshly  precipitated  cupric  hydrate  in  added  to  a  warm  cun- 
oentrated  solution  of  glycocoll,  it  di^^olves  Uy  form  a  deep  bine  Holution^  which 
lA  not  reduced  on  boiling ;  on  cooling  this  sulntion,  or  on  adding  aleoliol  antl 
lilowing  to  stand,  tine  dark  blue  needles  crystallise  out  of  the  cum[>osition 
(XHj.CH2.C02)2Cu,H/*.  Olycoeoll  has  l^een  obtained  syiithetically  by  the 
letioQ  of  ammonia  on  monocliloracctic  acid  thus: — 

KH3  +  CH,,C1— COOIl  =  CH2,(NH,)^C0OH  +  HCl. 

Taurine  isamid(MHethi(>ni€  acid,  also  iMlh-il  aiHidit-oxyetliylfiulphoiiic 
acid  (NHi.C2H4.SOX>HX*  It  occnrH  in  the  IkkIv,  apatt  from  t!ie  bile,  <m!y 
in  mixmte  and  iJiconBtant  tniees;  it  ban  been  ^^tatull  In  oeeiir  in  tlie  luiii^^w 
and  kidneys  of  oxen,  in  Hoine  of  the  or^aiiB  of  cohl-lilooded  aniiuals,  ami 
in  inconstant  traeea,  piTibaidy  due  tu  the  <k'eonipositiiui  of  tauiocliohtteB, 
in  the  intestine.  Tlio  pi-esence  of  aulpbur  in  ibs  im decide  shows  it  to  be 
fonneii  fnmi  proteidn  in  the  hotly;  Init  the  intenncdiate  stepH  in  its 
formation  are  unknown. 

Taurine  is  very  easily  crystal  Heed,  aufl  forms  large  colourless  ]>rismatic 
prismfl  with  a  glassy  glance,^  without  any  tiLste,  and  gritty  between  the  teeth, 
aeutral  in  reaction  and  very  stable,  not  being  altered  l)y  a  temperature  of 
240  ''C. ;  heated  above  this  teiii[>erature  they  melt  and  decompcjse  in  po  (loing. 
It  is  much  less  soluble  in  coid  water  than  glyc«>e«dl,  but  still  easily  soluble 
(1  in  15 '5),  and  still  more  so  in  hot  water ;  in  alcohol  and  etlier  it  is  insoluble. 
It  VR  soluble  in  concentrated  .suljdiuric  and  nitric  acidw  wilhcmt  decom]io2sition, 
and  the  latter  acid  may  even  be  boiled  oflj  leaving  it  unaireeted  ;  neither  is  it 
iffected  by  boiling  with  aqna  regia.  To  alkalien  also  it  is  much  more  htabie 
llmi  glycoi-oll ;  it  is  not  attef-ted  by  weak  alkalies,  antl  only  by  continued 
boiling  in  strong  alkalhie  solution  is  slowly  broken  up  intn  ammonia,  acetic, 
ind  &ulphtirous  acids;  so  that  it  in  one  of  the  most  stable  of  the  « organic 
compounds  found  in  the  body.  Taurine  is  also  a  much  nutrc  raeutral  suV>stanco 
in  its  chemical  behaviour  than  glycfM^oH  ;  it  doi^s  unt  eoiubiiie  at  all  with  aeids, 
U)d  its  affinity  for  bases  is  very  feeble.  An  aLmjr[»!n>us  ujercury  cuinpound  is 
bowever  obtained  by  boiling  a  solution  of  taurine  with  freshly-precipitated 
mercuric  oxide.-* 

The  coDBtitution  of  taurine  iw  sliffwu  by  its  synl hosts  from  eblurothyl- 
sulphonic  acid  by  the  action  of  annnoHJEL' 

C,H,C1  .C,H,N1I, 

so/  +  .XH,  =  S< )  /  +  NH.Cl 

^OH  *  "^UII 

ThJB  sjTitheBis,  as  well  aw  ttic  fact  that  tanrine  iy  not  wri] sonified  by 
dilute  alkalies,  ehowH  that  binrine  is  not  an  ester  but  a  Kulphonic 
derivative;  that  is,  that  the  sulphur  aloni  is  united  directly  to  rarlnin, 
and  not  indirectly  by  oxygen.     Taurine  may  also  be  oljtaiiUHi  by  heating 

^  The  amidO'Oxyetliyl  nidicie  irj  iHrcrtly  inutnl  to  Nuliiluir  in  tin-  Jiuilecale. 
'  nnjeUD^  **  VtTitniumg  niitih  Veraarlit^ii,"  S.  t!D. 

*  lAng,  Jahresh.  il,  d.  F&rts<hr.  d.  ThirrChtm.,  Wicsbarlun,  l^7lS,  IJiL  vi.  S.  74, 

*  Kolbc,  Ann,  c/.  Vhem.,  Leipzig,  1862,  IM.  cxxii.  8,  33. 
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the  ammonium   e     j  olf  ox jethylsul phonic  acid   to  230°  C,   when   a 
molecular  rearrange] nent  takers  place,  thus: 

so/  =S0./  +H,0 

"^ONH,  '    OH 

Cholcdic  acid  is  he  usual  partner  with  glyw»ctjll  or  tH urine  in  the 
formation  of  the  h  11  acids;  it  is  also  foiujd  in  tlie  iiitestinaJ  contents, 
and  sometimes,  in  ruses  of  jaimdicG,  in  the  urine.  One  metliod  of 
obtaining  it  has  ah:*adY  been  incidentally  mentioned j  but  it  ii  better 
prepared  by  the  following  method :  * — 

Ox  bile  is  boikd  fc*  ^^^"*^  t«.^.»*«^f^»,«  I'ours  with  the  fifth  |»art  of  its 
volume  of  30  per  cent  c  ij  e  water  lacing  repliit^ed  as  it  is 

removed  by  evapo mil Qu  ■!  ""''^      saturated  with  carbou-dioxide 

gas,  and  evaporated  aln  Bidue  is  extracjted  with  l^G  per 

cent,  alcohol,  and  the  It  does  not  coiit^iiix  above  20 

per  cent  of  alcohol,  is  t:  h  ft  solution  uf  barium  chloride. 

The  precipitate,  wluuh  tin  cboleate,  is  filtered  off^  and 

cholalic  acid  is  precipita.  e  addition  of  hydrochloric  acid. 

The  acid  slowly  become  ,  -tt'lien  it  is  ©epn  rated  and  puri- 

fied by  repeated  recryi  Cliolalic  aciil  occurs  in  many 

crystalline  forms.^    An  flat  ended  4-  to  6-8ided  prisms, 

may  be  obtained  by  dim  3  /US  form  of  the  acid,  produced  by 

drying  one  of  the  other  erybi        e  in  uther  and  allowing  the  solntloti 

to  crystallise  out. 

From  strong  aliidiol  the  acid  cryi^UlIiseSj  on  the  addition  of  a  very  little 
water,  in  octohedra  and  tetrahedra,  belonging  to  the  ortborlioiiibic  systeni,  and 
containing  two  and  a  half  molecules  of  water  of  crystallisation;  frt:>m  dilute  alcohol 
it  crystallises  in  fino  shinirig  flat  nerdjcs  f>v  plate.^,  cnntaining  only  one  molecule 
of  water  of  crystal lisation.^  It  also  crystallises  in  large  rhombic  tetrahedra,  or 
octohedra  containing  one  molecule  of  alcohol.  Pure  anhydrous  cholalic  acid 
melts  at  1 94°  to  1 95"^  to  a  colourless  liquid;  and  on  heating  above  this  temperature, 
loses  water  and  is  converted  into  its  anhydride  or  dyslysin ;  on  further  heating, 
it  loses  more  water  and  yields  a  viscid  yellow  or  yellow-brown  oil  with  a 
green  fluorescence ;  this  is  another  anhydride,  with  the  composition  C^g^ee^.r 

All  forms  of  the  acid  are  sparingly  soluble  in  water  and  ether,  and  easily 
soluble  in  alcohol.  The  solutions  possess  the  bitter-sweet  taste  of  bile.  The 
alkaline  salts  are  crystalline  and  soluble  in  water,  but  precipitated  by  strong 
solutions  of  alkalies  or  their  carbonates.  The  barium  salt  is  much  more 
soluble  in  cold  water  (1-30)  than  the  corresponding  salts  of  the  allied  acids 
descril)ed  below.  Cholalic  acid  and  its  soluble  salts  turn  the  plane  of  polarisa- 
tion to  the  right.^  Methyl  and  ethyl  ethers  of  cholalic  acid  have  been 
obtained. 

The  formula  of  cholalic  acid  was  first  established  by  Strecker^  as 
C.,,H4„0.,  ;ind  this  formula,  after  some  dissent,^  is  now  generally 
accc])te(l.  With  regard  to  its  constitution,  in  spite  of  a  vast  amount  of 
labour  on  the  suljjcct,  we  are  still  only  ]X)sscssed  of  very  fragmentary 
and  uncertain  information.     It  is  certainly  a  monobasic  acid,  and  must 

1  Mvliu-,  Ztschr.  f.  j'hysiol.  Chem.,  Slrassburg,  1888,  IM.  xii.  S.  262. 
-ScV  Maly,  Hermann's  '*  Haiiaimcli,"  H.l.  v.  (2),  S.  VM\. 

^  Schotten,  Zts<'hr.  j.  physioL  Chcm.,  Strassbur^r,  18S0-7,  Bd.  x.  S.  175;  xi.  S.  268. 
■*  lloppe-Seyler,  Jonrn.  J.  jirakt.  Chem.,  Leipzig;,  1863,  lid.  Ixxxix.  S.  265;  E.  Vahlan, 
Ztschr.  f.  physiol.  Chem.,  Strassburg,  1896,  lid.  xxi.  S.  253. 
^  Loc.  cit. 
^  LatsL-liiiioir,  Ikr.  d.  dciUsrh.  chcm.  Gcsellsch.,  Berlin,  1887,  Hd.  xx.  S.  1968. 
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tberefore  contain  ooe  carboxyl  gnnip  (CUOH),  and  according  tu  ^fylhus* 
it  also  contains  one  Becnrnlaiv  (CHOH)  and  two  iiriinaiv  alcohol 
groups  (CH,OH). 

The  e\'idence  fur  tJiis  in  derived  from  it8  belmviuiir  on  cant  ions 
oii<ktion.  It  first  nelds,  when  oxidised,  monobat^ic  delvydroelicjlidie  acid 
(CjjH^Oi)*  and  on  further  oxidation  tribasic  hilic,  or  hilianie  at?id 
(CmHmOJ.^  These  cbanges  may  be  exjire.sfied  Ijv  Hiip]tosiii(,'  that,  in 
Che  formation  of  debyibocholalic  acid,  the  tw*>  jiriniaiy  ah-ohol  groups 
form  aldehyde  groups  (II — C  =  0),  and  tlie  ^eeonilaiy  groiq>,  a  ketone 
gn>up  (C  =  0),  and  that  in  the  further  format iim  of  hilianie  aeitJ  the  two 
aldehyde  gi*oups  pass  into  (acid  or)  carlioxyl  groups,  so  pn educing  a 
tribasic  acid ;  while  beaideB,  in  the  rest  %A  the  molecule,  an  additional 
ketone  group  is  formed,  as  nlKavn  l>v  tlae  fullt>\ving  fnrmuhv  r — 

ChokiUc  acid,  (4JI,,(CII0H)(Cil/UlM(H)()H),  on  oxiilation  furnis, 
in  place  of  one  secMndary  alcohol  group  (CHOH)  and  two  juiruary 
alcohol  groups  (CH./)H),  one  ketone  group  (CO)  anrl  two  aldehyde 
groQpe  (COH),  thua' yielding  dehydroebolalic  aeiib  CV,>Hai((^0KC0H)2 
(COOH).  in  which,  on  further  oxidation,  an  additiimal  ketrnie  grouji  is 
formed,  and  the  aldehytle  groups  change  in!n  carboxyl  gruupw  <( '*^0H), 
thus  yielding  the  tribasic  acid,  hilianie  («u^  bilif)  acid,  C|yH.,,(l  '0.),(  ( '001!  )j. 

Scarcely  anything  is  known  of  the  arrangenient  nf  tfic  atoms  in  the 
hydrocarbon  part  of  the  inoleeide,  My  bus*  has  obtained  a  reaction 
between  cholalic  acid  and  iodine,  in  solutinn,  with  the  fortnatiun  of  a 
blue  compound,  which  is  erystaUisaljle  and  iKH-omes  easily  diss(»ciated  in 
the  same  nmnner  as  ioditle  {)f  sUireli.  For  example,  in  solution,  it 
becomes  decolorised  fjn  beating. 

This  ftubstaoce  is  probably  an  addition  product  of  cholalic  nciil  and 
icMiine.  and  .so  jxvints  out  that  the  hydrocarhon  radicle  of  the  acid  is  not 
fully  sat urat-ed  ;  l>eyond  this,  however,  we  know  nothing  of  its  composition. 

DtmxyckQliilw  acid  m  a  redaction  com]toinid  ftbtained  liy  Mylius^^  of 
the  formula  C^^H^Oi. 

Choleic  aci(l^  was  first  found  in  tbo  prejwiration  of  clH^lnlie  jcid  froui  ox 
bile,  and  separated  from  it  by  nu-ans  i>f  tlie  nion*  sj^iirirag  solubility  «>f  its  iKirium 
Mlt  According  to  I^isi^ar  Cnhn,  it  also  orcnrs  hi  human  biU%  and  its  formula 
is  Co^Hj^.Oj.  Latschinofl/  its«  (liscovcrer,  a?^rrilpcil  to  it  tlie  formula  C>.Hj  ,<  ^r 
From  Lassar-Colm's ^  formula  it  appears  U)  bo  ir>oaHMie,  or  perliaps  identical, 
with  de^wxycholalic  acid. 

Fellic  acid*  {C.^.H^^^O^}  is  an  aeid  whieh  has  been  ol4iiined  froui  hmium 
bile;  it  is  crystalline,  insoluble  in  water,  and  forms  inaolublci  barium  and 
magne«iiim  salt^. 

The  acids  formed  by  thft  cleavage  of  the  peculiar  hileaciils  found  in  the  liile 
of  the  pig  and  goose  have  been  already  mentioned  in  treating,'  cif  these  acid^« 

*  Btr,  d,  dcuUch,  ehrm.  Gcsdlfeh.,  IViiiii,  IH^n,  Hd.  xix,  S.  JOI*,  2000. 

*  HAiunmrsteii,  ibiit,  ISHl,  nd,  xi\%  S,  71  {Jhhijdr<nlitilmnre)  \  I^aMsar-Cohn,  ibul.^  1892, 
Bd,  iiv.  S.  805  ;  Zt3chr, /.  phifsivL  Chrm.,  HiramUmg,  1892,  Bd.  xvi.  S.  1S8. 

*  CI  eve,  Bull.  Soc,  ehivu^  Pans,  timnj  xxxv. 

*Zt9ehr./.  phf/suil.  Ch^m,,  StrassKurgj  1887,  llil»  si.  S.  .IOC;  Ii*r,  *t,  iUvti^ch.  chem, 
OtmtUeK.  Berlin,  1887,  Bd.  xx.  S.  683. 
»  /^.  ciL 

*  CholHns^iure  of  L»tocliinolf,  Btr.  d.  deutsrh.  chfm,  (kncHstih,,  lid] in,  iss:*,  lid.  xviii. 
8.  3039. 

'  Loc.  cU, 

*Ber.  d.  deulJtcA.  cfi^m.  OeaelMi.,  Berlin,  1894,  BiL  xxvii.  S.  1330. 

*  Fell insdtf  re  of  Schotlon,  Ztsdir.  j\  physM,  Chrm..  StrasHburg,  liis7,  Bd,  xi.  S.  2(5S.  8ee 
ilio  Lassar-Cobti,  ifriV/.,  1894,  ikl.  xix.  S.  5S3. 
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The  acids  formed  as  cleavage  products  from  human  bile  are  cholalic, 

choleic,  and  fellic  acids. 

Cholalic  acid  and  its  allies,  on  boiling  with  acids,  on  heating  in  the 
dry  state,  or  l)y  putrefaction,  lose  water,  and  become  converted  into 
anhydrides,  or,  as  they  are  called,  dyslysms.  The  dyslysin  corresponding 
to  cholalic  acid  has  the  formula  C24H36O3 ;  it  is  foimd  in  fteces ;  is  a  white 
amorphous  sul)stance,  insoluble  in  water  and  alcohol,  soluble  in  ether 
and  melting  at  140°  C.  Another  compound,  choloidinic  acid,  is  formed, 
as  an  intermediate  stage,  of  the  formula  C24H3g04.  On  boiling  with 
alkalies,  dyslysin  takes  up  water,  and  is  reconverted  into  cholalic  acid. 

The  bile  pigments  and  their  derivatives. — The  variations  in  the 
colour  of  ])ile  early  attracted  attention,  and  Gmelin,^  in  1826,  first 
o])taine(l  proof  of  a  relationship  between  these  colours,  and  described 
tlie  test  whicli  still  bears  his  name.  He  was  aware  that  the  play  of 
colours  was  due  to  a  process  of  oxidation,  and  made  an  experiment  to 
illustrate  this  by  acidifying  bile  with  hydrochloric  acid,  and  enclosing 
it  in  a  tube  from  which  the  air  was  shut  off  by  a  mercury  trap.  Under 
these  circumstances  no  change  in  colour  took  place;  but  on  exposing 
the  acidified  bile  to  the  air,  a  green  colour  slowly  developed.  He  also 
accurately  described  the  play  of  colours  obtained  on  oxidising  with 
nitric  acid. 

l^er/elius-  ])recipitated  biliverdin  from  ox  bile  with  l)arium  chloride, 
purified  it  to  some  extent,  and  described  its  properties,  but  he  fell  into 
the  error  of  supposing  that  it  was  identical  with  chlorophyll.^ 

Hointz,*  preventing  oxidation  by  exclusion  of  air,  extracted  from 
gallstones  a  ln'own  amorphous  pigment,  which  he  named  biliphiiin. 
Ho  analysed  it,  and  converted  it  by  dissolving  in  sodium  carbonate,  and 
leading  oxygen  through  the  solution  into  a  gi'een  pigment,  biliverdin. 
His  bili])h;iin  c'orres])onded  to  the  bilirubin  of  the  present  day,  and  his 
ex])erini(Mit  sliows  well  the  connection  between  the  two  pigments. 

Valeutiner/'  in  l.SoO,  was  the  first  to  ol)tain  bilirubin  in  a  crystallme 
form,  by  dissolving  in  chloroform,  from  which,  on  evaporation  of  the 
solvent,  it  ci-ystallises  in  inicrosco])ic  crystals.  From  tliis  discovery 
onwards,  research  on  the  bile  pigments  took  a  more  exact  forai,  as 
methods  for  tlu^  isolation  of  the  pigments  were  discovered  and  })erfected.® 

Although  a  considerable  number  of  more  or  less  well-characterised 
bile  ]»iguients  liave  been  described,  only  two  are  found  under  normal 
conditions  in  the  bile,  these  are  bilirubin  and  biliverdin;  the  others  are 
obtained  by  artificial  means  from  these,  are  found  under  pathological 
conditions  only  in  the  body,  or  are  formed  after  death.  The  colour  of 
the  bile  is  a  eoni])ound  of  the  colour  of  these  two  pigments,  and  varies 
with   the   varying  ratio  of   their  amounts  through  all  shades  between 

'  Ti.fl. 111.11111  ;iTi(l  (iiinliii,  "  Vt'rilaiiuii«4  luu-li  Versuclioii,"  1820. 

-  "Cliniiif"/"  S.  -jsi. 

'•  The  >|»' ctra  of  |.liyll<)]'or|>]iyriii  ainl  li;»'iiiato|)()r]»liyiiii  and  tlM-ir  derivatives  arc  almost 
id.'iitji-.il,  ;iiid  ill  ..th.T  r'spccts  tlic  sulistanccs  closely  r<'s«'iiil>k'  ea-'li  other,  so  that  there  is 
iiiidonltt- <l!y  a  rclationsliip  lu'twccn  tlicin  (Scliiinck  and  Mai-r-lila\vski,  Proc.  Jimi.  S"C. 
Loi('/"n,  .Ian.  \^\^t\].  Now,  ]«liyllopori)liyrin  is  a  derivative  of  clilorojihyll,  and  ha-inato- 
|)orj(hvriii  is  i-oineric  witli  hilinihin,  so  that  tlicie  niav  lie  some  remote  connection  between 
l,ilivei«lin  aii<l  .•hlorophvll. 

^  JnJn-'sh.  a.  ,1.  Fn'rtsrhr.  d .  <j<s.  Mr,/.,  Eilangcn,  ISr.l,  Hd.  ii.  S.  59;  Ann.  ,1.  Phys. 
,1.  Cj.ru,..  Leii./.i^r,  l^.M,  IM.  Ixxxiv.  S.  10»;. 

■>  Johrrsh.  ,,.  ,1.  F,>rf^clu\  <1.  '/rs.  M,,l.,  Krlan,-en,  IS.'.O.  lid.  ii.  S.  87. 

•'  l'.ru<-ke,  f',if'rsi"'h.  :.  XafnrJ.  d.  M^'/isch.  n.  d.  TJufn\  lid.  vi.  S.  173;  Stadeler, 
jyf/jsr/,r.  d.  until  if.  (!>sr!lsr]i.  ill  ZurirJi,  18(5:?,  lid.  viii.  S.  1  ;  Ann.  d.  Chcvi.^  Leipzig 
iw.:i    \\,\    r.vvv,-;    <"   '\->'.\ 
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iidish-browu  anrl  crraas-greeii.  To  the  variation  n\  relative  amount  of 
ese  two  pigineiitH  in  uIho  due  tfie  diH'erenee  in  colour  between  fresh 
ind  stale  bile.  When  l>ile  standi  in  the  )^\\\  hlacider,  its  pignients 
become  reduced,  the  liiliverdin  i»  converted  into  hilirubin,  and  the 
oolour  becomes  yellow  or  IJDiwn.  Fresh  human  hile  has  also  a  green 
colour,  but  that  observed  in  the  ]Kwt-riiortern  or  disBeoting-ninni  ie 
ilways  brown,  beea use  of  thb  j>roeess  of  reductiorL  These  twn  Uininallv 
occurring  bile  pigments  are  rekteil  to  eaeh  <>tiier  in  a  njanner  analogouH 
to  haemoglobin  and  oxyha-uiogluhiu ;  hilirnljiu  (<-\,.H,^NJ!).()  on  oxidation 
into  biliverdin  (('„;Kif,NX>4K 
Haycraft  and  Sei«liel<l^  oliBerved  in  the  gall  hlatlder  itself  reduetiou 
going  on,  as  ^hown  liv  the  fact  tfiat,  while  the  hile  Iti  the  middle  of  the 
gall  bladder  was  green,  the  tldcker  hile  mixed  witli  mu*  iih  near  the 
bladder  wall  was  orange-hrown,  aud  the  miie<>nH  meodirane  itself  of  a 
hrowa  colour.  To  thin  slow  redneti<Mi  Haycraft  and  Seofield  a.serihe 
also  the  presence  of  bilhndiin  and  n(*t  hiliverdiu  in  the  galtsi<aieH  of 
oxen,  although  the  latter  in  tlie  chief  pigment  found  in  ox  bile.  Pntre- 
iiction  re^idily  brings  about  the  same  retluetion  in  the  tale  pigments. 
Bile  with  the  biliruViin  tint  pred<aninant  dnes  n^tt  tiu'ii  green  fr«ini 
oxidation  of  thia  pigment  to  1»ilivei(hu,  wiien  it  is  exjKisod  to  the  air, 
unless  it  he  made  strongly  alknline  with  e^instie  alkuli.  In  this  increased 
readiness  to  take  up  oxygen  in  alkaline  solntion,  bilirubin  renembles  a 
ki^  number  of  other  organic  sul)stances,  su(*h  as  ])yingallcd  and  pyro- 
catechin.  Haycraft  and  Hcofield  were  also  aide  h\  itiduee  these  changes 
by  tbe  action  of  nas<jeut  oxygen  and  of  nxniie.  Working  with  a  Imttery  of 
four  or  five  Grove  cells,  and  lea<ling  fniui  }il.itiiiiim  cleelrndes  int^  br«>wn- 
ooloured  bile  (in  a  beaker  or  on  hlter  ]«aper),  they  found  that  the  uxygen 
developed  at  the  am^do  ciiused  in  a  few  uuuutes  a  change  in  coloiu"  of 
the  bOe,  through  green  and  blue  into  violet,  ftdkiwed  by  hleacliing.  On 
ter^ersing  the  pwdes,  so  that  reductifm  iustoad  ul  nxidation  touk  )ihiee  at 
tbio  epotf  an  inverse  efiange  in  colcair  back  lu  blown  was  ofiserved. 

Bilirnhin  ami  biliverdin  liave  cheniically  tfie  chtir*icter  of  weak  at  iiis, 
aa  is  shown  iiy  the  ease  with  which  tliey  unite  with  bases  to  forni  Halt- 
like Ixtdies.  Such  compounds  with  alkalies  are  sohilde  in  water,  but 
with  alkaline  earths  are  insululde;  as,  inr  exam]ih%  tJtc  compound  of 
bilirubin  with  calcium,  which  ninkes  up  the  Ijulk  of  red  gall  stones,  and 
forms  a  convenient  source  fca'  the  preparatii>n  nf  the  pigment,  Noithcr 
pigment  has  a  spectrum  showing  absf^^tion  bands,  but  in  each  there  is 
continuous  absorption  at  tbe  Idue  end  u\  the  s]»i"ctrum. 

Bilirubin  has  borne  in  the  history  of  the  bile  pigments  many  names, 
B«chaacholepyrrhin,biliphiiiu,cholephain,antl  bilifulvin:  but,frnlmiately, 
ttll  these  names  ha%e  now  disjt]>peared,  and  tbe  ]iioperties  of  the  sub- 
stances  described  under  them  l>y  ditrtnent  ubscrvers,  s<>  far  as  they  have 
beeD  fiulkst'intiated,  liave  been  aggregated  under  one  name  and  to  one 
substance,  bilirubin,  tlie  red  ei»louring  matter  of  bile,  liiliinbin  is  a  con- 
stant cy^jnstituent  of  l>ile,  lunl  is  bnmd  liesides  as  a  (■aleiinu  cfini]iomnl  in 
red  gall  stones.  It  la  also  present  in  traces  in  the  serum  of  some  aiiimuls. 
Hammaraten*  found  it  in  the  serum  of  the  horse.  By  precipitating 
the  serum  globulin  witli  acetic  acid,  tbe  p>ignient  is  tinnwn  dnwn  with 
the  globulin,  and  on  drying  tlie  precipitate^  anil  extracting  with  clditro- 
fonn,  bilirubin  is  dissolved  out.      It  stH*nis,  liowever,  to  be  a  1  went  in 

>  ZUciir.f,  physitd,  Chcm,,  StiaHsbur^,  1S85).  IJ^L  xiv.  S.  173. 

"^  JahrtsL  iL  d.  Fortschr.  d.  ThierChatu,  Wkahmhiiy  187S,  Bd,  viit,  S.  129. 
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human  serum  and  that  of  the  ox.  Most  important,  from  the  point  of 
view  of  the  origin  of  the  bile  pigments,  is  the  discovery  that  the 
microscopic  crystals  often  found  in  old  blood  clots  and  extravasations, 
and  described  by  Virchow  ^  as  ha>matoidin,  are  usually  bilirubin ;  this 
shows  that  the  bile  pigments  are  probably  products  of  disintegration  of 
hccmoglobin.  Here  it  is  needf id  to  guard  against  mistaking  lutein  for 
bilirubin.  The  two  substances  may  be  distinguished  by  their  solubilities. 
Both  are  soluble  in  chloroform,  but  bilirubin  is  thrown  out  of  solution 
on  the  addition  of  an  alkali  (from  the  formation  of  a  compound  with  the 
alkali  insoluble  in  chloroform),  while  lutein  is  not  so  precipitated. 
Bilirubin  is  also  found,  in  cases  of  jaundice,  in  the  urine  and  in  the 
tissues. 

Bilirubin  is  best  prepared  from  the  gallstones  of  the  ox,  which  are  very 
common  and  easily  procurable.  The  gallstones  are  washed,  dried,  powdered, 
and  then  extracted  in  turn  with  ether,  boiling  alcohol,  and  boiling  water,  to 
remove  cholesterin  (wliich  is,  however,  rarely  present  in  appreciable  quantity 
in  ox  gallstones)  and  bile  acids.  The  residue  is  treated  with  dilute  hydro- 
chloric acid,  to  set  free  the  bilirubin  from  its  calcium  combination,  washed 
with  water  and  alcohol,  and  finally  extracted  with  boiling  chloroform,  in  which 
the  bilirubin  dissolves. 

The  cliloroform  is  distilled  from  the  extract,  and  the  impure  bilirubin  is 
freed  from  an  accompanying  substance,  bilifuscin,  by  digesting  with  absolute 
alcohol,  in  which  this  substance  dissolves,  and  is  then  redissolved  in  chloro- 
form. It  is  purified  further  by  throwing  out  of  concentrated  solution  in 
cliloroform,  by  the  addition  of  absolute  alcohol,  redissolving  and  reprecipitating 
repeatedly.  It  is  lastly  dissolved  in  as  little  as  possible  of  boiling  chloroform, 
from  which  it  crysUillLses  on  cooling. 

In  amorphous  condition,  as  when  precipitated  by  alcohol  and  dried, 
bilirnhin  is  an  orange-coloured  powder;  when  crystalline,  it  is  of  a  dark  red 
or  reddi.sli-brown  colour,  resembling  chromic  acid.  The  crystals  are  rhombic 
plates  with  rounded-oif  angles;  they  are  more  easily  soluble  in  chloroform 
than  in  any  other  solvent ;  somewhat  soluble  in  carbon  bisulphide  and  amyl 
alcohol  ;  nearly  insoluble  in  ether,  alcohol,  turpentine,  benzol,  and  glacial  acetic 
arid.  lii]iru])in  is  soluble  easily  in  alkalies  and  their  carbonates,  combining 
with  them  to  form  salts.  Calcium  chloride,  added  tf)  these  solutions,  pre- 
cipitates tlie  calcium  compound  (Cj,JI|-XoO  ^).,Ca  as  a  rust-coloured  precipitate. 
Treated  with  sodium  amalgam,  bilirubin  yields  hydrobilirubin ;  on  oxidation 
it  passes  into  biliverdin  and  more  highly  oxygenated  compounds.  Several 
formuhe  have  hcen  proposed  for  bilirubin;'-  the  most  generally  accepted  is 
that  of  Maly  (Cj,.IIj^N.,0.,).  liilirubin  is  oxidised  in  alkaline  solution  in  the 
air  to  biliverdin  in  the  same  manner  as  bile,  which  owes  this  reaction  to  the 
bilirul)in  it  contains. 

Khrlich's  fr^f,'^ — Ehrlich  describes  a  colour  test  for  bilirubin,  which  is  not 
given  by  biliverdin.  To  a  solution  of  bilirubin  in  chloroform  an  equal  volume 
of  a  watery  ><»luti<»n  of  diazobenzolsulplumic^  acid  is  added,  and  just  enougli 
alcohol  to  cause  the  two  fluids  to  mix,  when  the  fluid  turns  a  beautiful  red 
ccdour  ;  on  adding,  drop  by  <lroj),  concentrated  hydrochloric  acid,  the  colour  of 

^  J'irch'nrs  Arrhli\  IS  17,  VA.  i.  S.  \M{\  407.  Soo  also  Rol.in,  f'^mpt,  rnnK  Acad.  d.  s\, 
Paris,  ISf.r..  toin.-  \li.  j..  '.OO  ;  JaflV-,  IHrrhntrs  JrrJnr,  18r.L>,  P,d.  xxiii.  S.  102  ;  E.  Salkowski, 
]Io]ii>e-S>'iiJ.  rs  M'.l.-rhnn.  I'nf'rsurh.,  lu'ilin,  lb«;S,  S.  43G. 

-  St;i'l*lf  r,  ./////.  (I.  ('hf'./zi.,  Leipzig',  18(54,  I>«1,  cxxxii,  S.  :VJ3  ;  TliiidiohuTii,  Jcurn.  f. 
prnkt.  duni.,  Lcii'/ig,  ISOS.  P,,!.  dv.  S.  401  ;  Maly,  l}>ld.,  Bd.  civ.  S.  'J8  ;  M:ily.  Avjx.  d. 
Chrm.,  Lcip/i^'.  187«»,  Bd.  clxxxi.  S.  lOG  ;  Xciuki  11.  Sicbcr.  J!rj\  d.  drui^'^i'/i.  chcm.  GVa*//*'A.. 
licrlin,  is^l.  P.d.  xvii.  S.  '2'21'k 

^  CrnfniUd.  f.  U!a.  Mrd.,   Bomi,   1SS3,   Bd.   iv.  8.  722  ;  Krukeiibcrg,   '*Chem.  Untcr- 
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tlie  lolation  changes  through  violet  into  blue  \  if  a  layer  of  pol^ii^sium  hydrate 
wintioii  is  now  intr(7<iuced  beneath  the  blue  i^olotion,  tliere  develops  an 
(alkaline)  bluish-green  zone  nmlcrneath,  sepurateil  from  the  blue  solution  above 
bj  a  red  band  where  the  reaction  is  neutral. 

BUiverdin  is  [jresent  in  all  green-colon  rud  biles,  and  may  be  obtained  fr^m 
tibem,  by  adding  a  solution  of  barium  ( h lurid e,  a.s  a  ilaik  green  precipitate, 
which  may  l>e  washed  with  water  and  alcnhol,  and  decomposed  by  dilute  hydro- 
chloric  acid,  when  the  bilivcrdin  remains  as  a  fl-ji  ky  pre<upitatc  ;  thi.s  is  freed 
from  latfi  by  washing  with  ether,  and  i.s  then  dissolved  in  alcnhol ;  ww  evaporat- 
ing the  alcohol,  the  biliverdin  is  left  behind  as  a  dark  green  ^:i  ale.  Bihverdin 
can  best  be  prefiared  pure  from  an  alkaline  solution  of  bilirubin.  Tlds  is 
ollowe^l  to  oxidise  by  exiM>.sing  to  the  air  in  asljall>w  dish,  until  it  turns  a 
bfownish' green  colour*  the  solution  is  then  precipitated  with  hydrocldoric 
icid,  which  sets  free  insoluble  liiliverdin  from  the  soluble  compound  with  tlio 
alkali ;  the  precipitate  is  washeil  with  water  till  free  from  hydrochloric  acid, 
disBolved  in  alcohol,  and  repreci  pita  ted  by  the  aihlition  of  water.  This 
precipitate  is  washed  with  chloroform  to  remove  traces  <jf  bilirubin,  and  pure 
MliveMin  remains  behind,  l>eing  insididile  in  chloroform.  It  forms  a  very 
dirk  green  amorpdious  (ww<ler,  insoluble  in  water,  etlier,  chloroform,  carlnm 
Insnlphide,  or  benzol ;  but  soluble  with  a  line  green  colour  in  alcohol,  glacial 
loeHc  acid,  or  eonceutrated  sulphuric  acid.  According  to  MacMunn,'  there  is 
I  green  pigment  in  ox  bile  which  dillcrs  frouj  tlmt  prepared  as  ahivu,  in  being 
soluble  in  cliluroform.  liiliverdin  d<>es  not  easily  crystallise ;  it  is  said  i\i  Vjo 
occasionally  obtainable,  by  evafwrating  a  solntion  in  glai  ial  acctir*  acid,  in 
Zombie  plates  with  roundetl  angles.  With  alkalies,  bilivcrdin  forms  solid>lc 
compoirnds,  giv^ing  brownish -green  suluti^ms,  from  wliich  biliverdin  falls  a.s  a 
florky  precipitate  on  the  addition  of  acids.  Calcium,  barium,  and  lead  salts 
form  insoluble  com|iounds  with  l>iliverdin  ;  these  are  thrown  down  as  dark 
gpwn  precipitates  on  addition  of  solutions  of  the  corres|)ondiug  salts  to  an 
ilkalinc  solution  of  bilivenliu,  Jly  nascent  hydrogen,  liiiiverdin  is  converted 
tKrongh  bilirubin  \x\Uy  hydrobilirubin.  Dillerent  formnl;e  are  given  by  different 
authors  for  biliverdin.  Stiidcler^  calumniated  it  as  (J,,dI,^,Nn(  t,  from  analyses 
by  Heintz.  Heintz  himself -*  gives  Cj^.ll^^N.t*.^.  This  foruuda  assumes  that 
in  passing  from  bilirubin  to  biliverdin,  the  molerule  tukes  up  water  as  well  as 
<Kcygen  (C4,,HigN\/)^>HX> +  0  =  C,,H  ,,N./),)t  ^^^^  the  accuracy  of  this  is 
denied  by  Maly,*  both  from  analysis  and  the  amount  of  increase  in  weight 
observed  in  passing  from  bilirubin  into  biliverdin.  He  gives  the  formula  of 
biliverdin  as  Cj^jH^NoO^,  and  this  result  is  confirmed  by  Thudiclium,''  excejit 
that  the  latter  halves  the  formula,  giving  C^^H^jNO^. 

Gmdin$  (rdfor  bifr  jiii/mnits. — This  vfuy  distinctive  test  for  the  bile 
pigments  has  already  been  nveiitinntjil.  It  dopends  ufHiu  tlie  remarkable 
changes  in  colour  aeeorupunying  the  oxidati<>n  of  Itiliriiltin,  In  .such 
oxidation  the  other  ruuuial  bile  ]»ignient,  biliverdin,  is  (irsl  produeerl ; 
and  tbiti  in  turn,  by  furtlter  oxidation,  is  eonvei ted  into  a  blue  j^igruent, 
bilicyjinin ;  after  tins  ffillow.s,  according  to  sniue,  a  purjde  |>i;,nneitt 
(bilipurpnrin)  before  the  litial  stiige  of  nxididiou  to  a  yellow  <'onipnund, 
choleteliiL  The  produetioii  in  series  rd'  these  artificial  pruducta  of 
oxidation  is  what  constitutes  Gmelin'8  tesL 

If  either  a  solution  of  bilirubin  or  some  (Ulutetl  bile  l»e  carefully 

^  Joum.  Pkj/m'oL,  Cambriflgi'  ami  LothIoh,  1H85,  vol,  vi,  p.  'Jfj, 

*  Ann.  rf,  Chm,,  Leieng,  1864,  lid.  cxxxii.  H.  323. 

^Jakrtsb.  a.  d,  Fortaehr.  d.  gc9.  Med,,  KHiiiigcii,  ISf^l,  bd.  ii.  JS.  f»9  :  Ann.  d.  PhffS, 
f.  O^iu,  Leipzig,  1B51,  lUL  Ixxxiv.  S.  106, 

*JahrfMf,  il.  d.  F&Hsehr.  d.  Thier-Chem.,  Wiesbaileu,  1874.  llii.  iv.  8.  302  ;  and  Her- 
mAnii'»  "Hajidhuch,''  Bd.  v,  (2),  S,  159, 

^  Jwem.  f,  pritki,  ChMm.,  Leipzig,  1S68,  Bd.  dv,  .S.  220, 
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poured  on  the  si  3e  of  fuuiing  mtrie  ac.M  in  a  test  tube,  bo  as  noc 
to  mix  the  two  iiouids,  a.  series  of  coloured  zoncis  a]ipt}jir8  in  the 
lower  part  of  the  column  of  bile  above  the  acid  ;  next  to  tfie  acid  is  tlie 
most  oxidized  prod  net  (eholetelin),  representeil  by  a  yellow-red  xone ; 
above  this  is  a  piirei  red|  passing  into  a  purple,  whicli  i&  replaced  by  a 
blue  zone  (bilicyanin);  and,  lastly,  tlieie  jh  a  %'ery  lir^md  green  zone, 
corresponding  to  th  least  nxidized  product  (liiliver^lin).  The  test  may 
also  be  made  Ijy  sj:  eading  out  the  bile  in  a  thin  tilni  uver  the  inside 
of  a  porcelain  eapgule  and  placing  a  drop  of  fuming  nitric  acid  in  the 
centre  of  thu^  tilui,  v  hen  a  series  of  colours  develop  in  the  above  onier 
around  the  dinjj;  or  perhap^s,  most  conveniently  of  all,  according  to 
Eosenbach's  nun hii cation,  bv  moiHtcuine  a  ]aece  of  filter  i;*aper  in  the 
suspected  fluid,  and  fuming  nitric  ai/id   in   the 

centre. 

nupj)ert's  tfd. — j  s  in  lirtHMjHtating    calcium 

bilirubinate,  by  the  nae,  or  calcium  chloride  and 

ammonia,  to  a  snlut  rubinate  (or  alkaline   bile); 

after  washing  uilli  m  boiled  for  some  niiiiutoe 

with   alcohol   acidifie  ^  when,  in  presence  of   liile 

pigments,  the  solutio  green  or  blue-green  colour. 

Bilicyanin    u  tho  .  *  tance  present  at  that  stage  of 

oxidation  of  bilirubin  1  d  SBcn  as  fuming  nitrie  acid,  when 

the  solution  lia^  a  blue  coJour,        h  is  a  very  trauBient  one,  and,  though 

many  have  worked  at  tlie  isuhje^t,  ^.^  ^.^^ci  liaa  yet  succeeded  in  isolating  the 
substance  to  whieli  tlie  blue  colour  is  due.  It  ia  probfibly  an  unstable 
oxidation  product,  intermediate  between  biliverdin  and  eholetelin,  A  blue 
solution,  which  kef  pn  for  aome  hours,  may  bo  obtfiuaed  by  adding  bo  a  solution 
of  bilirubin  in  <diloroforai  a  little  nitric  acid,  and  fihaking  till  a  violet  tint 
first  appears.  Rectified  .spirit  is  thea  quickly  added  ;  this  very  much  kIows  the 
completion  of  the  oxidation,  sq  that  the  blue  colour  is  prej?erved  for  some 
time.  If  an  ammonincal  solution  of  bilirubiu  be  mixed  with  strong  fuming 
nitric  acid,  a  lililf^  iit  a  time,  aud  excels  of  acid  removed  each  time  by  addition 
of  ammonia,  a  dark  flocky  precipitate  is  obtained,  from  which  biliverdin  can 
be  removed  by  alcohol,  leaving  behind  a  deep  dark  blue  powder.^  Heynsius 
and  Campbell  -  have  found  that  certain  gall  stones  in  man,  after  extraction 
with  alcohol  and  ether,  yield  to  dilute  acids  a  violet-brown  pigment,  which 
they  identified  as  bilicyanin  spectroscopically. 

Ja(T('3  first  ol)served  that  the  blue  stage  of  the  oxidation  process 
gave  an  absor})tion  spectrum ;  in  strong  solution,  it  shows  a  wide  band 
beginning  to  the  red  side  of  D,  and  ending  between  D  and  E ;  on  dilution 
this  band  resolves  itself  into  tw^o  dimmer  bands  (a  and  jS).  As  oxida- 
tion proceeds,  a  third  band  (7)  appears  between  h  and  F,  whilst  the  two 
first  mentioned  gradually  become  fainter  and  disappear.  This  third 
band  does  not  behuig  to  the  blue  stage  (bilicyanin),  but  to  the  substance 
formed  in  the  final  stage  of  the  oxidation  (eholetelin).  The  \iolet 
colour  ol)tained  before  the  final  permanent  reddish  brown  is  probably 
due  to  an  admixture  of  the  latter  colour  with  blue. 

Bilifuscin  is  a  substance  separated  in  the  preparation  of  bilirubin  from 
gall  stones ;   very  little  is  known  of  its  properties  or  chemical  relationships. 

1  Jatfe,  Centralbl.  f.  d.  nicd.  JFissensch.,  Berlin,  1868,  Bd.  vi.,  S.  241;  Joum.  f, 
prakt.  Chrm.,  Leipzig,'  18()8,  B<1.  civ.  S.  401. 

2  Arch./,  d.  (jes.  FhysioL,  Bonn,  1871,  Bd.  iv.  S.  537.  ^  Loc  eit. 
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fn  the  presence  of  bilirulnn  it  is  soluble  in  chlorufurm,  although  difli- 
coltJj  soluble  in  this  solvent  alone ;  honce,  after  treatment  with  chloroform  in 
pitefMtfing  bilirubin,  both  sulj^taneas  come  int^^  solution.  Wlicn  the  cliloroform 
aolutioQ  is  concentrated,  antl  exce>^s  of  [de«jhol  added^  th*;  bilirnViin  i^  pre- 
cipitated, while  the  bilifuscin  remains  solnhloj  and  is  fouml  in  the  alcoholic 
filtrate  along  with  some  cln^h^Ateriii  and  hlj^her  futty  arids.  After  removal  of 
the  alcohol  by  evaporation,  the  re.sidue  is  treated  with  ether,  whirh  dii^^olvos 
ottt  the-se  impurities,  and  chloroforni,  whieh  remove.^  any  traces  of  bilirubin 
left  behind.  The  almoM  Idaek,  dark  brow  n  residue  ho  obtained,  wa^  ttn-med 
bilifus^nn  by  SLideler;^  who  made  incomplete  analyses  of  it,  from  which  he 
iedu«!ed  the  formula  G,^J1.^,^NX>4  (?)-  When  f|uite  i>ure,  IdHfuscin  d«>es  not 
pTe  tfinelin'.^  reaction:"-  it  is  found  in  very  old  |M»st-mnrti^ni  bile''  as  well  as 
in  galls ti:>ne»,  but  not  in  fresh  bile.  Uilifuscin  lias  only  been  obtained  in  an 
amorphous  form  ;  it  is  soluVde  in  alcohol  and  in  alkalies  ;  almost  iiiKoluhle  in 
water,  ether,  and  chloroform  ;  its  rehitionship  t*)  bilirul>in  is  unknown.  The 
biliprasin  of  Stadeler^  is  probably  only  a  mixture  of  bilifn^cin  and  hiliverdin. 
Bilihuinin  is  a  name  used  by  the  sanie  observer  Ut  ilesi^nate  a  hlai'k  mass 
token  up  by  strong  soluiiun  of  ammonia,  frrmi  the  residue  of  gallstones 
which  have  been  thoroughly  exhausted  witli  idiloroform,  aleohol,  and  ether; 
it  does  not  give  Gmelin's  reaction, 

Hifdrckiliruhin  (Q^^^Ji^^^O-^)^  a  reduetion  product  of  bilirnbirij  in  an 
important  subBtaUi'e,  fnmi  tlui  coinitictiuii  it  iiiakcn  bt^wceii  thtj  bile 
pigments,  those  of  the  mine  mid  the  luoduetH  of  dijiiotegration  uf 
Wnoglobin. 

MaJy  ^  first  obtained  it  by  the  a(;tion  of  nascfui  hydrof^en  (from  sodium 
tmAlgaru)  on  an  alkaline  solution  of  bilirubin  ;  l^ilivonlin  similarly  treated 
also  yields  it,  being  first  converted  into  bilirubin.  At  the  end  of  the  reaction 
the  light  brown  coloured  thiid  is  ileranted  from  the  menniry,  and  acidified 
with  hv<lrcM>hlorie  acid,  Un  the  addition  of  the  acid  the  solution  l>ecomea 
much  darker  10  colour,  and  abundant  dark  brown  flocks  of  hydrobilirubin 
sepimte  out ;  the^e  are  separatol  fiH»m  tlie  solution,  dissolveti  iu  ammonia, 
Wpwdpitated  with  hydroeldoric  a^iil,  and  washed  witJi  water.  After  so 
wishing  away  all  the  Balls  the  jn;^'mriit  l>et  omes  h-ss  soluble  in  watrT.  After 
drying  it  forms  a  dark  reddish-}>rown  [lowtler,  easily  soluble  in  aleohol,  or  a 
mixture  of  alcohol  and  ether;  not  so  sohilile  iu  etln^r  aloue.  These  sobitions 
have,  when  concentrated  n  reddish  brown,  when  diluto  it  rose  colour. 
Chloroform  dissolves  it  to  form  a  jcllnwish  red  sr^lution.  In  alkalies  it 
dinolves  to  a  pale  yellow  sohiti<jn,  becoming  red  im  the  addition  of  an  arid. 
Haly  ascribea  the  yellow  colour  to  a  compoimd  with  the  alkali,  the  red  to 
the  free  substance. 

Hydrobilirubin  in  solutinn  liaR  an  absorption  sport. nun,  Btiowin^  a 
dark  band  between  h  and  F.  On  ndditinn  id'  aninioMia  this  band  fades 
out,  but  reapijears  a  little  to  the  left  un  the  adtlition  of  a  trace  of  zinc 
chloride  io  the  solution.  Thiw  nolntion  rontainiii^  zinc  (dtloride  and 
mmionin  has  a  rose  colour  aiitl  a  groon  thnuescence.  llyilmljilirubin 
once  formed  doea  not  readily  give  (JnndiuH  test;  thai  is  to  say,  it  is  not 
easily  oxidisable  again  to  bilirubin  or  biliverdin. 

Maly  recognised  his   new  substance   as    identical    with   a    urinary 

*  FfUiMkr,  d,  nalurf.  GeaeU$<-h.  in  ZurkK  18^>'^  lt-1.  viii. 

*  Bnicke,  Untermch.  z.  Naturf.  d.  Miv/^ch.  u,  d.  T/nar,  lf^60,  M.  vi.  R.  173. 
'Simoay,  Jahrrttb.  iL  d,  Ftrrt^chr.  d.  Thkr-Cketn.,  Wioslja+leu,  187G,  lid.  vi.  S.  75. 

*  Los,  dk 

'/aJiMrf.  fl.  rf.  FoHschr,  d  ThierCkcm,,  Wicshadt-u,  187^  lid.  ii.  S,  2^^^. 
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pigment,  already  d  bribed  imder  the  name  of  urobilin,  and  diecovered 
by  Jafife  ^  under  p  thfilngicsl  conditions  in  the  urine.  Immediately 
before  Maly's  discovery,  Hoppe-Seyler  *  had  described  a  broi^viiish-red 
substance,  which  he  ulitained  liy  the  action  of  zinc  and  hydrochloric 
acid  (i.e.  nascent  hydrogen),  on  h^tmatin;  thie,  he  afterwards  stated  to 
be  impure  hydrobilir  diin.^  Wlien  one  conf^iderR  that  bilirubin  is  j^oure*! 
into  the  intestine  wi  h  the  liilt%  autl  thfit  it  is  here  eubjectet]  \a\  reduring 
influences,  as  is  sh(  \m  by  Llie  frefjuent  presence  of  liydrogeu  in  the 
intestinal  gases,  it  is  natural  U}  Buppuae  that  a  conBidemble  con  version 
of  bilirubin  into  hyd:  «>l>ilirubin  goes  \\\\  \\\  the  intestine.  Tfie  [figments 
of  the  faeces,  which  must  arise  mainly  from  the  bile  pigments,  do  not 


give   Gmelin's  reactio" 
evaporating  and   extiv 
solution  which  shows 
of  the  faeces  had  beei 
Masius.^     Jaff^®  co 
gives  the  above  theo 
and  looks  upon  all 
haematin,  as  one  subst 
It  is  generally  ac( 
not  identical,  and  th< 


fa-ces   with    dilute    spirit, 

I  ith  strong   spii^it,   yields   a 

*?  -'    ,robilirulnn,*     This  pi^nnent 

sfcercobiliii  l>y  Yanlair  and 

1  with    his  urobilin.     JlHly 

the  intcBtine  from  l>ilirul»iii, 

»pe-Seyler's  compound  fi'om 

iruhin.^ 

Uinees  are  cloi^ely  related,  if 
0  utmost  iniport^inee  in  con* 
.  ^te  ]  trofhictB  of  ha^nioglohin.* 
reducticm  tleiiviitive  of  biUiMibiji, 
wl  (^liuletelin,  the  final  substance 


nee  ting  the  pigments! 

Cholctclin. — Besiden  vui 
we  also  owe  to  Maly"  the  aisct 
obtained  in  its  oxidation  by  nitric  acid. 

At  the  end  of  the  reaction  a  yellow  col(>ur  is  obtained,  not  widely 
different  from  that  of  the  bilirubin  from  wliich  the  reaction  started; 
when  this  condition  is  reached,  till  tlie  intermediate  product-a  have  been 
converted  by  oxidation  into  one  substance. 

Choletelin  is  best  prepared,  according  to  Maly,^®  by  leading  a  stream  of 
nitrous  fumes  (prepared  by  acting  on  arsenious  acid  with  nitric  acid)  through 
biliruljin  suspended  in  alcohol.  The  fluid  passes  through  the  colours  of 
Gmelin's  reaction,  and  finally  a  clear,  pale,  yellowish-red  solution  is  left ;  this 
is  thrown  into  water,  when  choletelin  separates  out  in  rust-coloured  flocks, 
which  form,  when  dried,  a  brown  powder.  Choletelin  is  amorphous  and 
probably  represented  by  the  formula  CnjHjgNgO^j ;  it  is  soluble  in  alcohol, 
ether,  chloroform,  and  acetic  acid.  It  is  also  soluble  in  alkalies,  and 
precipitated  from  such  solution  by  acids.  In  acid  solution  it  shows  a  dim 
absorj)tion  band  lying  between  h  and  F,  and  corresponding  to  the  band  y 
observed  by  Jaffe  in  solutions  of  bilicyanin.  In  neutral  alcoholic  solution  this 
band  disappears. 

»  Virchoirs  Archiv,  1869,  Bd.  xlvli.  S.  405-418. 

'  Jahrcsh.  ii.  d.  Foi'tschr.  d.  Thicr-Chcvi.,  Wiesbaden,  1871,  Bd.  i.  S.  80  ;  Med.chcnu 
Uniersvi'h.,  Btiliii,  1871,  S.  536. 

^  JJcr.  d.   dcvtsch.  c/icm.  GcseUsch.,  Berlin,  1874,  Bd.  vii.  S.  1065. 

*  Maly,  llc'iniunirs  '^  llandbuch,"  Bd.  v.  (2),  S.  162. 

^  Jnhrrsh.  ii.  d.  Fin'fschr.  d.  Thicr-Chcm.,  Wiesbaden,  1871,  Bd.  i.  S.  229. 

^  Arch.  f.  d.  <jrs.  r/ij/sio/.,  Bonn,  1871,  Bd.  iv.  S.  537. 

'  Ilen.iaiin's  "  Handbuch,"  M.  v.  (2),  S.  162. 

^  See  MaeMimn,  Jouini.  PJiysiol.,  Cambridge  and  London,  1889,  vol.  x.  p.  71  ;  Eichholz, 
Journ.  I'lnjsioL,  Canibridf^e  and  London,  lbl»3,  vol.  xiv.  ]).  326  ;  Gairod  and  Hopkins, 
Jmirn.  Physio/.,  Cambridge  and  London,  1896,  vol.  xx.  p.  113  ;  Garvoch,  ibid.f  1897,  vol. 
xxi.  p.  190. 

^  Sdzunr/sb.  d.  k.  Akad.  d.    Wisseiisch.,  AVien,  1868,  Bd.  Ivii.  Abth.  2,  S.  107;  1869, 
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The  halocrens  react  eoer^^etically  with  hilinihin,  fonuing  siib.^titution 
prcMhiet^,  When  liifvmiiio  ui-ts  on  IjiHrulmi,  a  seriea  nf  ehaiir^ea  in  colnur 
take  place,  exactly  cnunterfeitin*,'  thase  f>haerve(l  in  (iinelin's  reactinB. 
The  reactions  are,  liowever,  quite  ditferent ;  and  the  i)roceHH  is  iini,  as  one 
might  naturally  have  expected,  an  oxidation,  hut  a  Bul>stit.utioii  of 
bromine  for  hydrogen  M'^t3,Jii,XX)3+:3Br2  =  C,,H,,Br3N,Ofl+3Hllr> 

The  reaction  is  best  shown  by  a<kling  a  dHute  sohitioii  of  broniine  in 
chloroform,  cautiously,  to  a  solution  of  bilirubin,  also  hi  cldoroform.  Tiie  solu- 
tion changes  through  green,  blue,  and  red  intu  yellow,  as  the  hrrmiine  is  added, 
and  may  be  stopped  and  examined  at  any  stage.  If  chloroform  free  frum 
alcohol  he  used,  a  tribromo  derivative  separates  out  of  solution.  iJet^anted 
from  chloroform,  dissolved  in  alcohol,  and  repreeipitated  by  adding  water,  this 
compound  is  obtained  as  a  dark  hhic  powder,  sohd^le  in  alcohol,  in  ether,  or 
in  chloroform  containing  alcohol ;  but  insokdjle  in  pure  cldoroform,  or  in 
water.     Alkalies  split  it  up,  yielding  biliverdin. 

Nothing  is  known  of  the  chendcml  constitution  of  the  bile  pigments, 
and  very  little  of  the  internjediate  stngos  in  their  prochu^tion  from 
hemoglobin.  Their  connet'tiou  with  ba  inoirloldn  rests  on^(l)  Tlie 
identity  of  hiematoidin  prixiueed  in  (dd  blooil  (dots  with  bilirubiiL  (2) 
The  identity  of  Hopjie-Seyler  s  rediK^tion  iiroduct  obtnint?d  from  hii -nintin, 
and  thus  indirectly  from  Invnioghdrin,  with  Muly's  liydndMlirubin. 
(3)1118  absence  of  Idle  pigments  in  such  aniniols  as  have  nu  lui/nniobddn.^ 
(4)  The  fact  that  nnything  causing  increased  destruction  of  red  blijod 
corpuscles,  or  the  intravenous  injectinii  ai  hiiuinglidiiu,  causes  an  increased 
secreiion  of  bile  [ligments.*  (5)  Iljiiiiatopnipbyrin  is  isomeric  with 
bilirubin,  shows  with  intric  acid  colour  changes  somewhat  rcsendding 
Gmelins  reaction,  and  yields  on  rcdudion  with  nascent  byilrogini  a 
substance  closely  resembling  and  prcdiubly  isomeric  with  hytlrobiliruldn. 
Aceording  in  Nencki  and  Sielier,'^  biliruldn  i.s  formcil  in  the  liver  lay  the 
hemoglobin  first  splitting  uj)  into  JKroiatin  and  pndciil.  The  baiiiatin 
thus  formed  then  takes  \ip  water,  biscs  its  inui,  ufiieli  is  retained  in 
combination  in  the  Uver,  and  so  forms  bilirnl>in,  tints — 

C^HjsNAFe  -f  2H,0— Fe  =  C.JI^N.O, ;  uv  2(0„H,,N,0,) 
(hipmatin)  (hiliridjia) 

Dii'eet  experiments  on  the  formation  oT  bile  jtiginents  from  ha-nicj- 
globin  apart  froTji  tlie  liver  have  been  carr(<"il  out  by  Lit sr ben l>crgcr.'^ 
If  the  corpuscles  arid  serum  of  liorse  ldo<»<l  be  separately  injer'ted  sub- 
cutaneously  at  diflerent  parts  in  the  Imrsc,  and  after  the  lapsti  of  aljout 
twelve  days  the  animal  be  killc<l,  and  tbe  parts  wfierc  the  injections  have 
been  made  are  examined,  it  is  found  that  while,  at  the  jiart  where  tlie 

*  Thudichum,  Jtmm,  Chnm,  *^or.,  Lonrlnn,  1H75^  vnl.  xxviii.  p,  :i!s9  ;  JIalv,  SifntwfdK  d, 
t  Akad.  d.   H-'issensch.,  Wien,  B-l.  Ixxii.  Ahtli.  2. 

«  Malj,  Honnana's  *'  Haiiiltnicli,"  BrL  v.  (2),  S.  ini. 

'  Hoppe-Sevler,  Ardi.  f\  d,  tje.'t.  Phtphi.^  Bonn,  1877,  lid.  xiv.  S.  .3f»n,  St'<*,  liuwovrr, 
Kiukeuberg,  Ceidraibl. /.'tL  maL  iVhsms^k.,  B«rliu,  rsS3,  Xo.  4  1.  S.  78r>. 

■•  FrerichR,  ArrJi./.  AnuL  v.  Phuxio!.,  Lripzi;i,  1856,8.50:  W.  Kiiliiir,  l^lnhotra  Arfhh\ 
WA  Bd.  xiv.  a  310  ;  Notlmagd,  //t^.  Uhi.  *^W^^sr/^r,.  18i36,  vol,  vL  8.  )\\  ;  Tarrluuioll, 
Artk.Id.  fjes.  Physio!.,  Bonn,  lS7lp  tkl.  ijf.  S\  3*2 U  ;  Minkowski  .oid  Ba>'^orin,  Arch./, 
eiper.  Path,  u,  Pharmakoi,^  Lei|}zig,  18S7,  lid.  xxiii.  8.  nr». 

*  Ber.  d.  d^ittaeh.  di£m.  Gfs^fhch.,  Hirlin,  ls.«4,  Hd.  xvii,  S,  li27f»  ;  MmiU/fh,  f.  Chem., 
Wien,  1888,  IJd.  ix.  S.  115  ;  Arch./,  t^xper.  Path.  v.  Phnrmnkol.,  lA'ipzig,  1S88,  B.L  xxiv. 

*  MonatMk.  /.  Chem.,  Wieu,  1888,  Bd,  ix.  S,  r.2  ;  Sititivtjnk  d,  k,  AkwL  d.  Wmfusth., 
Wicn,  188S,  Bd.  xcvii.  Abth,  2b,  S.  15. 
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serum  has  been  li  cted  tlie  tissues  {jreseiit  a  nnntial  appearance  and 
contain  no  bile  jtigi]  ent^,  t*n  the  f>tht3r  hand,  rumid  tlici  spot  where  the 
corpuscles  have  btien  iiijeett^d,  the  tisisiie^  contain,  besides  fluid  bloixl,  a 
substance  in  flaket<,  varying  in  cnlour  from  dark  orange  to  briglit  yellow, 
composed  of  small  sjiheric^il  ina^ihes  about  a  quarter  of  the  size  of  red 
corpuscles,  which  give  Gmelin's  reaction  very  readily.  The  swime  residt 
may  be  obtaincnl  oi  iiijeetintf  erystallii^d  ha:^niogloljiii,  suspended  in 
water;  here  granuh  r  masses  of  a  greermh-yelloio  colour  are  obtained, 
which  also  give  GnuUns  reaction. 

Spectra  of  bila. — A  considenible  amount  of  eontinuoua  absorption  at 
both  ends  of  the  sptetrum  ifi  fotnid  on  exjimitiiivg  the  bile  ot  nuy  auiuial, 
but  in  some  animals  the  i*iit'    '     j  '  "       rkt*d  alk^uq»tion  iiiiudi?.^ 

ChoMice  mat  in.— Tim  \  i    these   band-spectra   Li   that 

exhibited  by  ox  or  sheer  ^  wii    for  some  timo  ia  contact  with 

air.     This  spectrutu,  ac<r  presents  in  a  deep  layer  three 

bands,  in  a  thinner  onr  ill  thinner  a  lifth  band  at  F  is 

visible."     The  spectrui  olie  solution  of  evaporated  ox  1 

bile.    Of  the  four  well  pse  to  the  1)  line,  on  either  side  ' 

of  it ;  a  third  lies  in  th,  j  right  of  the  C  line ;  and  the 

fourth  covers  the  K  ar  aterial  has  yet   been  isolated,     i 

so  that  it  is  not  wen  strum  is  due  to  one  or  several    I 

substances.     Mac  Mum  ppbous  residue  of  a  dark  sap- 

green  colour,  coiitaiain  n  i*»j  whieh  give,s  the  spectrunij  by 

treating  ox  bile  with  al^uiute        ►h  leetlc  acid,  alternately  dissolving  in 

chloroform  and  ether,  and  wasning  iKicoform  solution  with  water.     Thid 

material  has  been  Jiaiard  chololifpiaatin  by  MacManu,  froia  its  oecnrrenee  in 
bile  and  its  suppo^ied  origin  from  hienvatin. 

The  spectrum  is  not  exhibiU-d  !iy  Jre^h  ox  or  sheep  bile,*  but  is  first 
developed  on  standiTig  lu  -  -int  f^  t  wSHi  ^\h'^  ^>rAuAA\  frMii  h  « }irn|tv>g'*ii  ^^resent 
in  the  fresh  bile.  The  bands  near  D  first  appear,  to  be  followed  much  later  by 
the  other  two  ;  the  appearance  of  the  spectrum  is  not  a  result  of  putrefaction.* 

MacMunn^  obtained  a  spectrum  closely  resembling  that  of  haematoporphyrin 
by  the  action  of  sodium  amalgam  on  cholohaeimatin,  prepared  as  above  indicated, 
from  wliicli  he  argues  that  the  latter  is  a  derivative  of  haematin. 

The  fresh  bile  of  the  mouse  shows  a  well-marked  band  at  F,  corresponding 
to  the  urobilin  band ;  and  more  or  less  distinct  bands  in  the  same  position  in 
the  bile  of  other  animals  indicate,  according  to  MacMunn,  traces  of  urobilin 
in  these  fluids.  Characteristic  absorption-band  spectra  are  also  found  in  the 
bile  of  the  guinea-pig,  pig,  rabbit,  and  crow.  Human  bile  shows  no  bands,  but 
an  alcoholic  extract  exhibits  a  well-marked  band  at  D ;  these,  as  well  as  the 
spectra  of  Gmelin's  and  Pettenkofer's  reactions,  are  shown  in  Plate  III.  at 
the  end  of  this  volume. 

Other  constituents  of  bile.— Besides  the  bile  salts  and  bile  pig- 
ments, which  are  normally  found  only  in  the  bile,  other  constituents  are 
present  which  are  also  found  in  other  ]>arts  of  the  body;  these  are 
cholesteriii,  fats,  soaps,  and  lecithin,  besides  minute  traces  of  urea  and 
of  the  diastatic  ferment  already  mentioned. 

^  Bo^'omolofT,  Centralhl.f.  d.  mcd.   IVissaisch.,  lierlin,  18G9,  vol.  vii.  S.  530. 
2  "  Tlie  Spectros('o}»c  in  Medicino,"  London,  1880,  p.  l.')8. 
^  Jnurn.  r/n/siol.,  Cambridge  and  London,  1885,  vol.  vi.  ]).  24. 

*  ]k>gomoloir,  loc.  cit.\  Heynsius  and  Campbell,  Arch.  f.  d.  yes.  Physiol. ^  Bonn,  1871, 
Bd.  iv.  S.  540. 

^  Ganigce,  "  Pliysiological  Chemistry,"  London,  1803,  vol.  ii.   p.   333;  see  also  Hop j>e- 

Rpvlpr     lor     rif 


MEABSORPTION  OF  BILE  SALTS,  391 


Chiflesltriii, — ^The  aiiKniiit  of  ehote.steriii  in  bile  m  very  variable, 
ranging  from  0"5  tu  5  per  eeoL  Chfdesterin  ia  hisohibk:;  in  water  or 
ililute  saline  sulutioii,  and  is  diwsnlved  in  bile  by  ibe  agency  of  the  bile 
salts,  in  solutioos  of  which  it  is  eaBily  soluble.  When  tfie  iiniuimtof  bile 
aalt^  m  iasntficient  to  bold  it  in  solution,  it  slowly  passes  out  of  stdution 
in  a  concretionary  form  around  any  partieh^  of  foreign  matter  present  in 
the  bile»  or  around  an  exiKting  coneretion  fomiing  in  this  manner  a 
variety  of  gall  st-irme. 

According  to  Hoppe-Seyler,  cbolesterin  is  a  oleavaoe  pro<lueb, 
constantly  formed  in  the  nietabolic  changes  of  the  liviin^rell;  and  for 
thia  reason  it  is  that  oholesteriii  is  invariably  found  as  a  chemieal 
constituent  of  both  ainnuil  and  vegetable  eella.  Cholesterin  does  not 
easily  undergo  decomposition  in  the  animal  organism  when  onee  formed, 
and  is  princiiially  excreted  in  the  higher  ainmals  in  the  bile.  It  is 
found  in  increased  (quantity  in  tissue  wldcli  is  undergoing  pathologieal 
change;  this  may,  perhaiis,  Ite  due  to  increased  inability  ">n  the  [>art  of 
the  cells  in  tlieii'  vitiated  condition  to  break  up  tin*  stable  eboli'sterin. 
Cbolesterin  is  found  in  largest  r|nantity  as  a  constituent  of  the  myelin 
of  nerve  fibres  and  in  tlie  blood  corpuscles.  It  is  probalily  formed  most 
in  the  met^boliBm  of  nerve  tissue,  taken  u]>  by  tlie  liver  cells  from  tlie 
bhx»d,  and  passed  as  an  excretion  into  the  bile  duets. 

Cbolesterin  is  pvirely  an  excretion,  and  is  n<»t  rcabstabed,  but  passes 
out  of  the  body  with  the  fjcces.  This  is  also  the  fate  of  tlie  bile 
pigments,  which  are  grathutlly  reduced  to  bydrcthiliiubin  (stereoljtlin) 
in  their  |>a*ssage  along  the  intestine.  Tins  substance  may  easily  be 
extracted  from  the  fieces  by  absolute  alc<diol,  after  making  acid  with 
Bulphnric  acid.  The  bile  pigments  have  a  poisonous  action  when 
injecte<l  into  a  vein,  whicfi  indicates  tliat  if  they  are  leabsurlicd  at  all 
they  must  l)e  changed  in  the  jtrocessJ 

Lecithin, — Tlie  amount  of  lecithin  present  in  bile  is  much  greater 
than  in  any  of  the  other  secretions.  All  the  lecithin,  and  any  direct 
prrj<luct8  of  its  decomposition  to  be  removed  from  the  body,  are  carried 
off  in  the  bile.  As  lecithin,  as  well  as  chf4esterin,  is  one  of  tlie  con- 
Btituenta  of  nerve  tissue,  the  liver,  \ty  means  of  tbe  bile,  may  be  looked 
njxm  as  the  great  channel  for  tbi*  removal  of  thi!  prndurts  of  nervous 
aietabolism.     Lecithin  is  also  held  in  solution  by  the  bih*  salts. 

Reabeorption  of  bile  salts— Their  functions  in  the  organism.— 
The  bile  salts  dilTer  from  the  i>tlier  biliary  constituents  in  th;d  ttiey  are 
not  purely  an  excretion.  I'hey  aie  to  a  large  extent  reabsoibcib  and 
undergo  a  cireidation  in  the  body,  with  the  pn^hnble  function  of  acting 
as  earners  for  the  otherwise  insoluble  clirJestrrin  in  the  bile.  Such  an 
abfforption  of  bile  salts  has  lieen  sfiovvn  to  take  place  in  difVerent  ways, 
which  are,  briefly,  as  follows : — 

1,  Bile  salts  taken  by  the  nmuth,  cause  ,in  increased  How  of  bile; 
iiideed,  from  recent  observati<>ns  by  various  cxj^erimeTiters,-  it  seems  that 
the  bile  salts  are  the  only  substances  whiclt  truly  act  as  chokilipguea. 
This  action  can  oidy  be  due  to  their  ahsnrjiliffU  followed  by  an  increased 
elimination  of  them  tiy  the  liver. 

2.  The  bile  of  the  dog    contains   im\\   biiimcbolates.      If    unp;nred 

*  De  Bniin,  Ceniralhl.f.  MhK  Mtd.,  llumi,  ISUO,  fid.  xi.  8.  iDl. 

*Btt[dj,  Ardi.  ilal.  dr  bwi„  luria,  l^},  tome  iji.  [u  3L»r« :  Punt  likis,  S\hmifU\t  JahrfK, 
Lejpidg,  1885,  Bd.  ccrL  S.  19;  Nisseii,  Vi^airatbLj.  d.  med.  U'lssmsdi.,  Ikrlin,  18 HO,  lid. 
iiTiii  »,  9iB. 
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cholalic  acid  be  given  by  the  mouth,  the  amount  of  bile  is  increased,  but 
still  only  taurocholates  are  found  in  the  bile ;  but  Weiss  ^  found,  after 
giving  sodium  glycocholate  for  thi'ee  days  (5-9  gnus,  per  diem),  tliat 
the  bile  in  the  gall  bladder  at  death  contained  glycocholates,  amounting 
to  25-30  per  cent,  of  the  total  bile  salts  present. 

3.  No  connection  exists  between  the  amount  of  proteid  metabolism 
and  the  amount  of  chelates  produced,  such  as  would  be  found  if  the 
chelates  w  ere  a  chamiel  for  the  excretion  of  the  nitrogen  and  sulphur  of 
proteid  decomposition  products.^ 

4.  Taj)peiner^  identified  bile  salts  in  chyle  obtained  from  the 
thoracic  duct  in  the  dog. 

5.  Bidder  and  Schmidt  *  only  found  cholalic  acid  in  traces  in  the  fa?cea 
A  review  of  all  these  facts  shows  that  the  bile  salts  are  not   an 

excretion,  but  ])erform  a  circiUation  in  the  body.  Besides  the  function 
of  dissolving  the  cholcsterin  to  be  excreted,  the  bile  salts  are  also 
credited  with  the  effect  produced  by  bile  in  aiding  the  absorption  of 
fats.^  Again,  bile  salts  dissolve  insoluble  soaps  of  the  alkaline  earths. 
This  may  be  shown  by  precii)itating  a  soluble  soap  with  calcium  or 
magiiesiinii  suli)liate,  and  then  adding  a  solution  of  bile  salts  and  gently 
wanning  when  the  precipitate  dissolves.^  Maly  and  Emich  state  that 
taurocliolic  acid  completely  ])reci])itates  native  proteids,  but  not  album- 
oses  or  ])eptc)nos.'^  This  in  part  explains  the  preci])itAtion  observed  when 
a  solution  in  which  peptic  digestion  is  going  on  (or  gastric  chyme)  is 
mixed  with  bile;  but  part  of  the  ])recipitate  is  doubtless  mucin  from 
the  bile  itself.  Tlu?  su})ject  has  been  investigated  by  Hammarsten,® 
who  found  that  syntonin  was  coni])letely,  peptone  only  partially,  pre- 
cipitated from  an  acid  solution  in  which  peptic  digestion  of  hard-boiled 
white  of  egg  liad  l)een  curried  out,  by  the  addition  of  bile  from  which 
the  mucin  luid  l»con  removed  by  alcohol.  Hammarsten  su|>poses  that 
the  ])ui|)ns(3  of  this  precipitation  of  the  semi-digested  proteid,  which 
must  occui"  in  natural  digestion  when  the  gastric  chyme  conies  in 
contact  witli  the  ImIc,  is  that  it  may,  by  adhering  to  the  intestinal  wall, 
be  louLTcr  suhjcctrd  to  intestinal  digestion  than  it  would  be  if  it  remained 
in  sohition. 

'  iU nh-iiJhl.  j\  <f.  m'tJ.  Il'isscnsrli.,  Ilorliii,  1^8.'»,  Pul.  xxiii.  8.  1'21.  Similar  nsults  have 
li««'ii  (•l>taiii(il  l.v  i*n''Vu>t  and  I'jiuft,  f'to/'jtf.  rend.  Acud.  d.  sc,  Paris,  18*^8,  t«)iiic  cvi.  p. 
MIM);  Wiiit.-l.T."  liiaii;:.  I)i.-s.,  Dorpat,  1M*2. 

-  Kniik.l,  Arrh.  f.  d.  ift^s.  P/nffiioL,  lidiin,  1S77,  H<i.  xiv.  8.  314  ;  Spiro,  Arrh,  f,  Anat. 
■a.  ]*hiisLul.,  Lcii./ii,',  ISsi),  Siijin.  ^»*'-  *'^-  '^^^ 

"'  Sif-:n)n!^h.  d.  I:  Alnd.  d.   Jl'is.'ONSch.,  Wi.-ii,  187.^.  1^<1.  Ixxvii.  Abtli.  3. 

■•  '•  1)1.'  V.'r.].nmii-4^-afU'/"  8.  L>17.  '"'  l''idr  »*  Fat  Al)sori)tion,"  p.  454. 

''  NiiuiM'isttM-,  "  lA'l.rldif'li  (1.  physifil.  Choni.,"  Jena,  1J>1»3. 

'  Monatsh.  f.  Chew..  Wi.  ii,  l.S^:'i,  B<1.  iv.  S.  8l»  ;  188;').  Rd.  vi.  S.  95. 

^Jnhr.sh.  \i.  d.  Forhrin:  d.  ifrs.  M.'d..  Krl.in^'.Mi,  1S70,  P>.i.  1,  S.  lO'J.  See  also 
riiitt'ii'ltii  aiirl  Ciniiiiiiii^,  Am.  f'lum.  Jimrn.,  Pjaltimort'.  lSSr>,  vol,  vii.  p.  36;  J<ihr(sh. 
iL  d.    rnrf.<.hr.  d.    rhi,rJU,,n,      \Vif.<l.fl.li.i.     1.S>r.     U.l     vv    s    :k\\^ 
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DIGESTION  OF  CARBOHYDRATES, 

The  digestion  of  carbohydrates  is  brought  alniut  liy  the  actif m  of  two 
dtstiiict  classes  of  enzymes,  namely— 1.  TboHe  which  act  on  BtarcheB, 
producing  sugars  aud  dextrins :  these  are  called  aiiiylolytic  or  diaHtatic 
fermenta  2,  Those  which  act  on  various  paccharoseR,  produeiiig  glu- 
00608  :  tliese  arc  called  iiivertinfj:  ferments. 

The  two  chief  limylnlytic  fermeiitw  fuiind  in  I  lie  dii^ewtive  juices  are 
ptjalin  and  amylop.sin.  The  action  of  these  fcniieiitH  on  stare! i  may  he 
demonstrated  iiy  adding  to  starch  pante,  eitlier  saliva  ur  pancreatic  juice, 
or  a  watery  infusion  of  salivary  or  pancreatic  gland.  The  paste  very 
900U  becomes  quite  fluid,  and  if  the  Ihiid  he  tested  chemically  for  starch, 
it  will  he  found  tliat  this  gubst>ance  ia  ra]>idly  disaj^pcuring,  and  tliat  a 
reducing  material  is  being  formed  in  coutinn<iusly  iuereasing  amount  in 
the  solution.  This  testing  may  be  dtine  by  renuiving  a  drop  of  the 
solution  at  intervals,  and  mixiiig  it  with  a  dmp  of  a  solution  id  iodine. 
At  first  the  deep  blue  colour  given  by  starch  is  (detained  ;  this  is  replaced 
after  a  time  by  a  violet^  tins  again  by  a  red  colour,  and  finally  im 
coloration  at  all  is  obtained.  If  at  each  of  tliese  stages  ]K>rtinnK  of  tlie 
Bolution  be  tested  with  Febling's  solutinn,  it  will  lie  found  that  it  has 
acquired  reducing  ]jowcr,  aud  i\mi  the  anHMUit  of  reduction  increases 
with  the  length  of  tinie  during  wbich  llu^  action  goes  on. 

Tlie  diastase  of  lualt  is  very  similar  in  its  actif»u  to  both  these 
ferments,  but  is  not  identical  with  eitlier  <»f  tbcni,  as  is  shown  by  the 
fact  that  wliile  ptyalin  and  amyl<*iisin  act  best  at  body  temperattne,  the 
optimuuj  tem|*eratui"e  for  the  action  of  malt  diastase  is  about  5o'  C 

Products  of  digestion  of  starch. — \Vhetbcr  tlu*  ferments  are 
identical  or  nid.  tbcir  action,  accoiding  to  all  oliservers,  is  the  same.  It 
was  shown  by  Leube,^  in  18:'4,  that  saliva  dissolves  stareb-paste  and 
fornxs  sugar,  ami  the  same  was  shown  for  paucreati(*  juice  by  ISoueliardat 
and  Sandras,^  in  1845.  It  was  h\v  many  yeais  believed  that  the 
action  of  these  ferments  was  closely  anii logons  to  that  (d'  nn'neral 
acidfi,  and  that  the  sugar  jaodutcil  was  gra]fe-sngar.  Ih-xlrin  was 
BupiXised  to  be  the  iirst  stage  in  the  jarieess  of  saccharifiratiou,  and 
from  the  dextrin  it  was  tliought  tbal  grape-su*iar  wns  afterwards 
formed.  Musculus^  way  the  first  to  show  that  all  the  starrh  was  not 
so  converted  into  sugar,  but  that  saccharilieation  i»nly  proceeded  until 
the  solution  gave  no  Ic^uger  a  colour  reaction  with  iodine:  on  adiliTig 
fresh  starch-iiaste,  the  reaction  reconjm(>iicrd  aiul  pincceded  as  bcfiire, 
until  again  all  colour  reaction  with  iodine  had  vainshcil,  when,  as 
before,  tbe  reaction  slaekeiuni  and  sto]>ped,  although  there  remained 
plenty  of  dextrin  01  the  solution. 

According  to  the  earlier  wmk  uf  ^Iu>i<'uliis,  the  quaiditutive  relatiou.Hhip  iri 
which  the  sugar  and  dextrin  stand  at  the  end  r>f  the  nMctiou  is,  otic  jtEot  nf 
FQgar  to  two  of  dextrin;  his  later  papers  gave  the  reaetion  as  stutinnary, 
when  approximately  efpial  quant itifs  of  ^ugar  anil  d^xtriti  ar*^  pnseat  in  tlie 
solution,* 

'  Arch,/,  d.  g€*.  NatnrL,  Niirnticrg,  18 'IT. 

•  Compt,  rend,  Acad,  d.  sc.,  Paris,  1845,  Umw  xx.  p.  10S5, 

•  Journ,  depharm.  el  chim,^  ParLs,  I860.  Si  r.  *i  toritt*  xx.wii.  p,  410. 

*Paycn,  Chcm,  Cenir.-BL,  U\p/v^,  1  Kiir..  S.  6J5;  .Sihwur^.tr,  ibitL,  1870,  S.  295; 
Schttlxe  u.  Marker,  ibid.,  1872,  S.  STS, 
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Still  later,  Sheridan  Lea/  working  with  much  more  dilute  solutions  than 
were  usually  employed  by  other  experimenters  (0*4  to  4  per  cent),  found  as 
much  as  85  per  cent,  of  the  starch  converted  into  sugar ;  and  by  more  closely 
approximating  the  conditions  of  exi^riment  to  those  of  natural  digestion,  by 
carrying  out  the  experiment  in  a  dialyser  instead  of  in  a  glass  vessel,  obtained 
a  still  great(;r  reduction  in  the  percentage  of  dextrin  formed  (7  to  8  per  cent). 
He  is  therefore  of  the  opinion  that  in  the  alimentary  canal  starch  is 
completely  converted  into  sugar  before  absorption.  The  increase  in  sugar 
formation,  due  to  removal  of  the  products  of  digestion,  was  more  marked  in 
working  with  strong  than  in  working  with  dilute  solutions ;  this  also  goes  to 
show  that  it  is  the  accumulation  of  maltose  in  the  solution  which  slackens  and 
stops  the  reaction.  All  chemical  reactions  involving  hydration,  such  as  sajwui- 
ti»*atioii  of  esters,  become  stationary  at  a  determinate  i)oint  when  a  tixed 
liroportiou  of  hydration  has  taken  place;  and  this  point  is  rigorously  de- 
t<»rmined  by  the  concentration  in  the  solution  of  the  various  factors  in  the 
reaction.  If  tlu^  subsUmcci  or  substances  formed  in  the  reaction  be  continuously 
removed  from  the  solution,  or  changed  in  nature  as  they  are  formed,  the 
reacjtion  ])ro('eo(ls  to  completion ;  but  if  the  products  of  the  reaction  remain  in 
solution  unchanged,  at  a  perfectly  fixed  pc)int,  dependent  on  the  concentration 
in  solution  of  each  of  tlie  reacting  substmces,  equilibrium  is  established,  and 
no  further  (jhaiig(5  in  the  composition  of  the  solution  takes  place. 

( )ii  the  other  hand,  Musculus  and  Gruber  -  claim  to  have  isolated  a  dextrin 
after  a«.'ting  on  starcli  paste  with  diastase  for  five  days,  by  precipitating  the 
dextrin  with  alc(.»liol  ;  on  this  dextrin,  diastase,  pven  in  the  absence  of  the  HUfjar, 
has  no  further  action. 

In  1  S7l\  ( )'Sullivan  ^  rediscovenMl  the  su^^ar  described  by  Dubrunfaut  * 
as  fornuMl  ))y  tlie  aetioii  of  malt  extraet  on  starch  ])aste,  isolated  it, 
invest  i^.itcil  its  pro])erties,  and  named  it  imdto.^\  When  it  was  so  shown 
that  the  suL^ar  formed  In'  the  action  of  malt  diastase  is  not  gra])e-sugjir, 
att(Mition  was  diiccted  naturally  to  the  su;^'ars  similarly  formed  by  the 
acitioii  of  tho  (bj^^'stive  enzymes  of  tlu^  saliva  and  pancreatic  juice. 
\assc''  statoil  that  the  su^nir  f«n-m(Ml  by  the  action  of  saliva  is  not 
(lc\tr(ts(\  ])ut  another  sn^ar  of  <lillerent  reducing  power,  to  whicdi  he 
LTave  the  n.iiiie  of  jitifuJost^  which,  however,  was  not  maltose,  as  its 
i-eiliiciii^  pnwei-  was  doubled  on  lioiling  with  aeids,  while  that  of  malltise 
was  only  iiicuMsed  l»y  one-half.  Soon  after,  v.  ^Mci'in.i:  and  Musculus^ 
conclusi\ely  shewed  tluit  the  supir  really  formed  both  by  ptyaliu  and 
amylojisiii  is  iileiitieal  with  O'Sullivan's  maltose,  and  tlu?se  results  have 
been  iibumlaiitly  contirmed  by  subse([Ueiit  observers.  This  result  they 
established  by  1  he  amount  of  increase  of  reduein;^  power  and  reducti(»n 
(►f  rotaliiiL,^  powei",  followim,'  boiling  with  a  dilute  mineral  acid,  as  well  as 
l)y  the  (tbseivalion  of  birotation  in  the  sidutiou  after  boiling,  which 
eould  only  be  (bio  t<>  the  formatien  of  txraiKj-suLrar.  Sueli  an  analvsis  is 
rendeied  e.isy  by  the  widely  (blferent  specitie  rotatory  powers  and 
redin-iii;.;;  powi-rs  of  the  two  sutrai'.s  (see  table,  ]».  .*5()0). 

The  ;ie!i'»ii  <il'  limit  diastase,  ptvalin.  or  amylo})sin  on  starch  }»aste 
tiik«'s    ])l;i(e    ill    soNcral    stages,  eoi  respoiidiiiLr   to    wbieli    more    «»r    less 

'    J.,,!,, I.    I'l. ;:■■:>•!..    r,,i,,l,|i,l^r,.  jui.l    Lolniuli,     Is. Ml.    vcl.    Xi.    ]..    -J-Jll. 

-Z'^■•/.■/•.  /.  nl-. '.:■>!.  ('/.>„..,  StiavJunu',  1n7."-,  H-].  ii.  S.   1^7. 

■'./■'lO;,.     ''h-:n.    .<■.-.,     LmH-I,,!!.     \S~'2.     Vol.     \XV.     j>.    ,'*;'.». 

*  ./,'/'.  '/'  '•/",;/.  ,/yv.- ','>..  r.iris,  1^17,  t<in.'  xxi.  p.  17"^. 

•'  .Irrh.  f.  ,1.  ;.<.  I'h. ■<:'./.,  l^x.ini,  1^77,  IM.  xiv.  S.   177;  >.•._•  als..  Sivu'.-n,  r,  nfroibt. /.  ,f. 

iiiCd.    ll'is^'in'-ii.,    IWllili.    ]s7f*».   S.   >.'.!, 

'•  /J^.'hr.   /".  i>h. ;-;..'.  <'h-,n..  Sum^sImul',  1S77.  I'.-l.    i.   S.  ;5'.»:.  ;   ls7b,  IM.  ii.  S.  40.'J.      .<«  <• 
,ils(»  r.n.uii  aii.l    H<i..ii.    /'/,„•     //,,,/    S,.r     I.,, ,1.1,,.}     l.sSd    vol     wv     i.    :Vr.\ 
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well-^liCfereutiatetl  siihsUiices  have  been  described.  Tbe  tinst  step  in 
the  action  is,  acc^irding  to  all  riliservL'Ts/  the  fnimatinn  of  sobthk  starch 
(ami^lulin,  amiduUn,  aniidngen,  or  ainyloilexlrin).  Thi.s  sulistaiK^e  ia 
rapidly  formed,  iLSually  iu  one  or  two  mimite.s ;  it  gives  ilie  same  blue 
reaction  with  icMline  as  raw  starch  or  starch  ])aRte,  and  m  preeii>itated  liy 
tannic  acid,  by  which  it  is  distingiiislied  from  the  dcxtriiis  formed  in  the 
suliBc^queut  stages. 

In  the  seeoud  etage,  this  soluble  .starcli  h  de('nm]Miseil  into  a  sub- 
stance giving  a  red  eolonr  with  iodine  and  inalti>.si;.  The  .stdistauee 
giving  the  retl  colour  now  gctn  the  name  given  by  linieke  of  eryUnn- 
dextrin;  it  corresponds  to  NasBu's  tlextrin,  Uriessmaycr'a  dextrin- 1 
And  B«iiidouneau*B  dextrin-a. 

In  the  third  stage,  this  erytbrodextriii  is  Njdit  up  inti>  a  dextrin  (or 
several  dextrinw),  giving  no  euloratiou  witli  iodine,  and  hence  called 
ac4iroodextriu,  anil  a  furih(?r  <ptantity  of  maltnse.  Fiiuilly,  acct^rdiug  to 
aome,  a  part  of  this  aehroodexirin  breaks  ii]»,  yielding  luore  nialto.se, 
and  a  variety  of  achroijdextrin,  alttjgctber  nnatlccted  l»y  diastutic 
ferments,  which  with  the  maltose  split  otV  at  diftcrent  stages  from  the 
intermediate  products,  forms  the  final  prtxhu't  <»f  the  reaetimi,  uo  ruatter 
how  long  proltiuged. 

These  successive   changes  may  l>e    represented  as  in  tlic    bdliiwing 

j?cheme : — 

BUvch 

Soluble  Starch 

1 

I  I 

Erytbrodextria  Malt^jne 


Acbrobdextrin  Maltose 

All  observers  are  agrepil  as  to  tfie  existence  of  s<>luble  .starchy  and 
pvactically  all  as  to  that  of  erythrodextrin,  althniigli  .^[t^srulu^:  and  Meytr- 
ftate  that,  on  carefully  mixing'  dextrin  stainfd  with  ioibm^  with  snhi)ile 
starch  stained  with  iodiae,  tliey  obtained  tlie  i-olrMir  of  rrythnMh'Xtriii,  luid 
eonclude  that  what  has  been  called  erythrndfxtriti  is  pmbiihly  Kuch  a  inixed 
eaiour.  This  result  haf>  not  been  Citntiriiied  by  other  observers;  >ti]l  it 
Aould  be  btirne  in  mind  that  a  pure  substanec  )ms  not  yet  beun  isiilatedi  and 
that  at  present  erythrodextria  is  only  a  name  ^ijiveu  in  a  sub.'^taiiee  sup/Hh^^d 
to  exist,  beaiui*e  of  a  red  colour  which  is  (ditained  at  a  certain  *itage  in  the 
digestion  of  starch  by  diastutic  enzymes.  The  mati-rial  wltieli  is  found  later 
in  the  process,  winch  is  not  a  sugar  and  gives  nu  enloralion  with  iobiic^  hfus 
been  CJilled  achroodextrin,  but  it  has  none  of  tbe  constant  properties  of  a 
pure  simple  siibstaiicej  and  is  [irobahly  a  mixture  of  several  suhstanees 
(achrcMjdextrins),  though  as  yet  nf>ne  of  tli«^<i'  have  been  prt>|>erly  isolaleiL 

Muf^culus  an<l  Gmber,-^  workin^^  *in  stan.h  solutions  with  dilute  acids  and 
with  diastase,  ditferentiated,  according  to  varying;  conditio uis  of  teniperiiture, 
amount  of  diavstaj^e  added,  aiid  length  of  time  of  action  of  t}u>  fernienl,  three 
achrcKidextrins  (a,  j3,  and  y),  jxissessing,  accivrdinj^  to  these  oVjservers,  ilincrent 

*  XA«e,  Arch.  /,  d.  gfS,  PhynoL^  Roiui,  1S77,  fM.  xiv.  S.  471;  < Jricsamay^^r,  Chcm, 
C^nir.Bl,,  LeijizJg.  1871,  8.  «;J6  ;  BrUckc,  *■  Vorli.stm^^Lii/'  uiirl  SItivHCfsh.  d.  k,  JhmK  d, 
WismfiMh.,  Wien,  1S72,  A1>tl].  d;  Uttmloimmw,  I'ftmpL  ninL  Aotd.  d.  .SV.,  I^nriK,  lS7ri, 
tom«  Ixxxi.  pp.  972,  1210;  Muflciiliis,  Zi^hr,  /.  phmol.  Cftrm,^  Straj<Hlnirj^,  \i^7^,  il(h  ii. 
S.  177. 

^  Zttehr.  /.  ph}ftiol.  Chem,,  8tru.s»burg,  IS80,  Ikb  iv.  S.  4ol. 

>iW.,  Un,  BiL  ii,  S.  177. 
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specific  rotatory  pi  rs*  and  reduetitJii  coeliicients  ;  but  thej  scat^ly  give 
adef^uate  proofs  that  they  are  describing  |mro  substances.^  They  found  tluit 
even  after  twelve  moi  ths  a  portion  of  the  dextrin  remained  untionverted  iato  . 
maltose,  and  the  sybstance  so  remaining  was  nnfernien table  by  yeast.  Thk  | 
substance  is  y-achnDtklextrin,  and  is  formed  together  with  some  inaltDse  hj  the 
splitting  up  of  /3  achroudextrin,  whieh  in  its  turn  is  formed  by  a  siiuilar 
decompositifin  of  a-achroudextrin. 

The  following  is  a  summary  of  their  pesults:^ — 


Sp.  BoUtory  Pnwet. 


PowpF for  Pelillngs 


"r 


Soluble  starch    . 

Etythrodesctriii 

A'Achroodextrin 

r         u 

Maltose 
Grape -sugar 


todjne. 


Heddbli  b!ti€. 

I    Kit  t!<>lcirt.tiaii» 


Tbe  digestiou  uf  s 
up,  tlinuigh  several  i 
grtiihia.1  liydnilyaiR,  of  i  a 

and    mi^dit    be    repref^^-u  li:;i        Iv 
CM[uatif>ij.   wliidi   eaiiiidt   ^\^^  iiiiM 


nnes  coiisiBts  of  a  brenking  ; 

led  stages,  by  a  process   of 

de  iutu  a  luudi  wim|der  one, 

tjly    hy    the   fulluwiiig   generdl 

re  (h^tinite,  beoaupe   we   are    un- 


awiuaiiited    witfi   the  iiiolecular   weigbts   of   starch   and   dextriu,  only 
kiiowiiig  that  tliej  are  very  large- 


Starch 


Maltose 


Be^triu 


(C.H.,„U,>„  +  (H,0),  =  •^(C,jr.„0„,H,0)  +  "  ;"'(C.H,„0,),. 

That   is,  Ktarcdi  and  watnr,  iu  ]>reRence  rif  a  .suitable  ferment,  yieldi 
lualtn^se  and    ditlereiit  dext nns,  hut  we  are    ipuiranl  uf  tbe   value  of 
H,  \u,  and  |>. 

Attempts  to  e^irry  tiN*  far  tbe  anal<>t:y  between  the  action  of 
dilute  uiiiieral  acids  and  tliat  ipf  tbe  diawtatie  fennents  on  f^ttireb, 
led,  ai^  ajreatly  Htate<l,  tn  an  errrjr,  wliicb  perf^iRted  for  several  jeara, 
UH  to  tbe  produetH  uf  tlie  latter  aetioo,  KevertbelesB,  a  close  analogy 
(h.H/B  exist  between  tbe  two  proeegBes;  liotli  are  essentially  hydmtion 
prot'oswes;  and  in  btitli  tbe  ^irne  stages  may  be  observed.  ITiey 
only  dilVer  in  twn  n'sjieets,  tirRt.  tbat  the  dilute  acid  at  boiling  tem- 
perature arts  uiTU'li  Uiore  ra]>idly ;  secondly,  that  it  prweeds  a 
Ktage  fmnn'i.  and  very  rapidly  n inverts  tlae  tualtoBe  formed  into  grape- 
suj^ar. 

These  successive  changes  may  be  l)e8t  observed  by  boiling  with  very 
dilute  acid  (-2  per  cent,  or  less).  Soluble  starch  is  first  formed,  gi\dng,  on 
neutralisation,  a  l)lue  with  iodine;  next,  is  an  intermediate  stage,  in  which  a 
violet  is  obtained  followed  by  a  stage  giving  a  red  colour  (erythrodextrin) ; 
and  finally  a  stage  is  reached  at  which  a  coloration  is  no  longer  obtamed 


^  Accordin;^  to  l»io\vn  and  Morris  (see  Trans.  Chan.  Sor.,  Loiulon,  1885,  p.  527  ;  1889, 
p.  462),  tlie  clu'iiiifal  and  physical  properties  of  these  ditFerent  acliroodextrins  might  be 
given  i»y  a  variaMe  mixture  of  on«!  achroixlextrin  possessing;  no  redueing  power  with  mal- 
tose. They  admit  tlie  existence  besides  achroiidextrin.  of  i/taitodcxtrin  (Herzfeld),  a  body 
intermediate  between  achro«.dextrin  and  maltose,  hut  more  nearly  allied  to  the  latter. 
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(aehiTMidex trill).  If,  when  tliis  stage  is  reaelied,  tlie  solution  is  ra|)iflly 
cn«4e«l  and  neutralised,  a  little  maltose  can  be  sej^arated  fr(*ni  accdiiijiiuiy' 
ing  ilextTose,  showing  that  maltose  is  here  also  formed,  luit  is  t*on- 
Terted  rapidly  into  grape-sugar. 

Although  maltose  is  the  chief  Riigar  formed  in  the  a<'tion  of  lioth 
ptvaliii  and  amylopsin  upon  starch,  yet  a  trace  tjf  gnqie-sugar  is  also 
formed,^  The  ipmniity  of  ^rape-sugar  humed  is  in  bntlt  ense«  small,  hut 
is  greater  in  t!ie  ease  of  tire  ]»auereatic  ferment.  It  has  recently  heen 
diaoovei^  thai  in  ImiIIi  siilivary  an<l  pancreatic  digestion,  besides 
iDAlioee  and  small  quantities  of  gTape-sugar,  another  sugar,  isomalti«se,- 
18  formed,  in  considerable  quantity.  The  relative  qiuintity  of  the  three 
sogars  varies  with  the  rpiantity  nf  ferjuent  present,  and  the  duratitin  uf 
the  experiment.  A  weak  ferm^uL  and  short  tirue  nf  apt  inn  favrtnr  the 
formiition  of  isomaUnHe;  liy  nmrli  ferment  and  pndmigcil  action  large 
4|fiantitie6  4if  maltose  are  ]ir«Khieed,  aee<»m]ninicil  by  tmces  uf  dextrose.^ 
It  \a  stated  that  traces  of  an  inverting  ferment  are  present,  butli  in  the 
aaUvary  and  |mncreatic  glands,  es]  fecial  ly  the  latter;  and  it  is  iK)Hsible 
that  the  traces  of  dextrose  formed  may  be  due  to  the  action  of  these  on 
the  nmltose  and  iso maltose  Irrst  formed. 

The  action  of  the  amy  Inly  tic  enzymes  on  glycogen  is  inecisely  similar 
to  their  actinn  (ui  starch;  dextriu,  maltose,  and  isomaltose  being  fnnoeil 
in  very  much  the  stime  ^noportions.^ 

The  production  of  nialtuee  by  the  ihastatic  ferments  is  m»L  the  eml 
of  the  digestion  of  ankyloses;  there  is  evidence  that  maltose  never 
reaches  the  systemic  circulation.  If  it  be  iiijerted  intravenously  it  is  soon 
discoverable  in  t!ie  urine  :  ^  this  shows  that  iu  digcstiou  it  is  inverted, 
either  before  it  is  absorbed,  or  after  absorption  and  before  re;iehing  tlie 
systemic  circulation. 

This  further  process  of  hydndysis  may  be  to  srune  extent  carried  out, 
ao  far  at  least  as  concerns  that  portion  of  maltose  arising  from 
salivary  digestion,  Ijy  the  hydrochlorii'  sirid  of  the  gsistric  secretiou,  but  it 
is  mainly  brouglit  about  by  an  inverting  ferment,  «hseovered  by  lirown 
and  Heron  in  the  mucous  merubrane  of  the  suiiill  iiitesline,  and  also  in 
the  succus  entericus,® 

The  ftuceus  entericus(as  well  as  the  intestinal  mucous  meujluanc  an«l 
glycerin  or  water  extracts  of  it)  possesses  only  a  feeble  iliastatic  actirui 

*  MmcaJni  and  Grnlicr,  ZUrkr.  f.  phttxioK  Vh^m,^  iSnuss^ur^,  1S7S,  IM,  ii.  S.  177  ; 
Mottrtilu^  and  von  Mi>nii^,  ihid.,  Ul^,  Bd.  ii.  S,  403  ;  von  Mciin?,',  ihid.,  IHSl,  IkL  v.  S, 
lIUi ;  Bn>wTi  aud  Heron,  Ann.  d,  (Jhrm.,  Leip?Jj^%  lN7i>,  lU.  i-xvin.  8.  163  ;  18S0,  Hd.  tciv.  S. 
228  ;  Pror.  Hoi/   Soe.  Lmdtm,  1 SKQ,  p.  3i>;i. 

*  Kalz  lu  VogeK  Zhihr.f  lUnL,  Miiiiclipn,  UtM,  Hd.  xxsi.  S.  108.  The  oxi.HttjK-e  of 
ia>mftltn»e  is,  however,  deiiirf]  Uy  Unmn  jiiid  MMrri«  [Trfivs,  f'hrm.  Sttc.,  Ijoiidon,  li^ltfi,  voh 
lirrii  p,  737),  who  Rtat<"  that  it  if*  a  iiiixtiiri.'  o(  niiiltoHi*  mid  dtxtrliis, 

^  Jouni.  FkysiijLy  Cambridge  and  London,  \'«>h  xv.;  Abelnu^,  CtmpL  rrnd.  Soe.  deinol,, 
Paris,  1891. 

*  H^ORCUi,  Verhaivil.  rf.  phyn^-vtrd,  Oc^irf/sfrh.  zu  U'urzfnirtf,  l^ft^K  I'd.  vii.  S.  219; 
rifrAoteM  Arrhiv,  1857,  Flfl  xi.  .S.  ;u>;"i ;  Mandn  Jteni'ir'l,  ^V/;.  u\aL  dr  Paris,  1,h.'.7.  No.  13  ; 
J,  Soegen,  Caiiralhl,/.  d.  mtd,  U'isstujfdt.,  Berlin.  l*^7t>t  '^-  ^^^*  l  Jnh.J\  d.  ijr.t.  Phjfsiftf., 
Botiti,  1879,  lid,  xix,  S.  lOti  ;  KiiU  u.  Vogi-l,  Zr^rhr.  f,  tUol.,  Mnm-hcn,  isiq,  Bd/ xxxi. 
a  108. 

*  Biinmennann,  Arcfi. /.  d.  grx,  PIujkIoL,  Bonn.  187JI  BiL  X3C.  S.  201;  BlnlijkS, 
Jahrttb,  ii,  d.  FttrUrhr,  rf.  Thkr-f'h^^m,,  Wiesbadiri.  18S1,  \Ul  xi,  S,  GO  ;  Dastre  cL  Hmii- 
qtiflot,  Compt.  rewi.  Arnd.  d.  ifc,  Paris,  1884,  t'lOie  xoviii.  y.  ltS04;  BunrqiKlot,  Jmtru,  de 
tAnal.  Hph\f9ioL,  etc.,  PariB,  1S86,  tome  xxii.  |>,  BSl. 

•Brown  and  Heron,  /Vr^,  Ilm(.  Sot\  L^nuhm^  1880,  p,  J^PU  ;  Ami,  d.  f'hem,,  Leipzig,^ 
ISaO,  Bd.  eciv.  S.  228;  Vella,  Unlfsrsarh.  z,  XulitrL  d.  Sfemch.  n.  «/.  Thiere,  1881,  Bd. 
xiiL  S.  40;  Botirquelot,  C&mpL  rtntL  Acad.  d.  ttc^  Parin,  1883,  tome  xcvii.  ]k  1000. 
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on  starch,^  bu.,  i  a  reniarkahlc  ])ower  in  coHvertiiig  maltose  into 
grape-sugar.  Bro^^n  and  Heron  surmised  from  tJiis  that  maltose 
would  be  found  t*>  be  a  nnii-assiniikble  substance;  uuknown  to  tljem, 
Bimmermann  had  alreiidy  shown  this  to  he  tlie  ease,  and  niany  subse- 
quent observers  havii  enii tinned  the  residt 

Digestion  of  c  i,ne-siigar, ^Cane-sugar  rasemlileaS  maltuse  in  not 
being  directly  a^abi  lable  from  the  bluoil;  after  intravenous  injection  i% 
is  excreted  by  tlie  k  ihieys.  In  the  conrae  of  di|:^t>.stion  it  is  either  cjom- 
pletely  inverted  wl  ilo  in  the  alimentary  canal,  or  may  in  \mYt  lie  so 
changed  in  its  paesage  through  the  al*sorlnng  eellis  of  tlie  mueoua 
membrane. 

Some  cane-sugjir  is  inverted  in  tlie  ^stoniaeli,  jfiobahly  by  the  ac^tion 
of  the  hydrocldiiric  ae  p  lunaiin*  rei>eatefily  found,  in 

the  stomach  and  duod  r:  k^s  ..r,i  Iteetroot,  in\*ert-«ugar  only. 

Seegen  found  thsit,  aft  -  le-sogar,  tlie  ntomaeh  alwaya 

contained  a  small  air  &r  alun^  Avith  a  gieat  deal  of 

unchanged  cane-nu^n  intestine  contained  no  sugar. 

He  argues  from  tins,  is  inverted  in  tlie  etomach, 

the    invert-sugar    he  ^    fast    aa   it   is    produced. 

It  is  probable,  howev'  rtlier  observers,  that  a  con- 

siderable part  of  the  ti  tlie  Binalt  intestine   by  the  < 

action  of  the  intestii  ..  e  al^u  by  the  dii'ect  action 

of  the  cells  of  the  in t<  jc  .norane. 

Watery  infuisiona  oi  il.       ii;  aeniliraue  from  any  pjart  of  the 

small  intestine  are  capable  of  mttrting  eane-sugar*  and  the  8am@ 
power  is  possesned  by  the  intestinal  contents  in  aninmls  which  have 
been  killed  duriin^  active  iligcj^ti^Hi/'*  Tiie  intestinal  juice  obtained  by 
Vella®  from  fistuhe  ulnmst  instantly  inverted  eaue-sugjus  and  a  stmng 
inverthig  action  of  pure  succus  entericus  haa  been  oiiser^^ed  by  many 
others. 

The  inversion  of  the  saccharoses  by  the  intestinal  juice  is  brought 
about  l)y  enzymic  action,  but  very  little  is  known  of  the  enzyme 
or  enzymes  involved.  It  was  supposed  by  Hoppe-Seyler  and  Thier- 
felder^  tliat  the  inversion  might  be  due  to  bacterial  action  or  to 
inverting  enzymes  taken  in  with  the  carbohydrate  food,  but  the  former 

^  A  (lifistiitie  action  on  starch  was  found  by  Schiff,  Jahresh.  ii.  d.  Fortsdtr.  d.  ges.  Ifed., 
Erlangrn,  18(57,  lUI.  i.  S.  155;  Eichliorst,  Jahrab.  ii.  d.  Forlsdir.  d.  Thier-Chem,^ 
Wiesba<k'n,  1871,  Bd.  i.  S.  198  ;  Paschutin,  ibid.,  S.  304  ;  Ewald,  Firchotc'a  Archiv,  1879, 
B<1.  Ixxv.  8.  40y  ;  Garlanii  and  Maslotl*,  Untcrsuch.  a.  d.  physiol.  Jnst.  d.  Univ.  Heidelberg, 
1878,  Bd.  ii.  8.  290  ;  Brown  and  Heron,  loc.  cit.  ;  Dana,  Med.  News,  Phila.,  1882,  vol.  xli. 
]).  .")0.  ;  Hanibiii«;er,  Arch.  f.  d.  yes.  Physiol.,  Bonn,  1895,  Bd.  Ix.  S.  560;  Mendel,  iWrf., 
1896,  Bd.  Ixiii.  8.  425.  On  the  other  hand,  its  existence  is  denied  by  Thiry  and  by  Leul»e, 
Jahresh.  ii.  d.  ForLschr.  d.  ges.  Med.,  Erlangeu,  1868,  Bd.  i.  S.  97.  It  must  be  remembered 
tliat  the  diastatic  action  is  admittedly  a  sliglit  one  by  most  of  those  observers  who  confirm 
it,  and  tliat  most  orirans  and  tissues  i)Os.scss  a  slight  (liastatic  action,  so  that  it  is  difficult  to 
]>e  (ort dn  that  the  inte.stinal  mucous  membrane  specitically  s««cretes  a  diastatic  ferment. 

-  It  is  (•(  rtain,  from  jmrely  cliemical  experiments,  that  tlie  acid  is  capable  of  producing  such 
an  cfleet,  and  no  inverting  enzyme  lias  ever  been  sliown  to  exist  in  the  gastric  secretion. 

^  "  L^'hrbu.li  der  ])hysiol.  Chem.,"  Aufl.  2.  Bd.  iii.  8.  255:  v.  Becker,  Ztschr.  /. 
iri'<isf)isch.  Zoolo'fic,  Bd.  V.  8.  12U  ;  J.  Seegen,  Arch./,  d.  ges.  Physiol.,  Bonn,  1887,  Bd.  xl. 
S.  41. 

■»  rascliutin,  Arch.  f.  Amxt.  u.  Physiol,  Leipzig,  1871,  8.  306. 

•"^  Chuide  Bernard.  ''Le9ons  sur  la  diabete  et  la  glycogenese  animale,"  Paris,  1877, 
257-261. 

^  Ujitrrsnch.  z.  Xaturl.  d.  Mcn^ch.  u.  d.  Thierc,  1889,  Bd.  xiii.  S.  62;  see  also 
Bastianelli,  ihuL,  1886,  Bd.  xiv.  8.  146. 

"  "Handbuch  der.  path.  u.  physiol.  chem.  Analyse,"  1893,  Aufl.  6,  S.  298.  See  also 
Pautz  and  Vogel,  Ztschr.  f.  Biol.,  Munchen,  1895,  Bd.  xxxii.  S.  304. 
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gupposttion  is  negatived  liy  the  ra]iitJity  of  the  actifui,  and  itw  pn^gress 
in  presence  of  antiseptics;  and  \mi\i  hy  the  reociit  (iliHoivatiuiis  of 
llium,^  which  show  that  the  iiitirmis  lueiuhrane  of  tlie  intestine  of 
newIy-lMirn  animals,  luider  antiseptic  cuntlitions,  caiines  inversion.  No 
inversion  was  uhtaiiied  with  the  iiuiccms  memhrane  of  the  stomach  or 
large  intestine. 

Brown  and  Heron-  liave  shown  that  the  dried  nincoiis  uienihrane 
of  the  Rniall  iutesiine  m  nmeh  more  poweiful,  hotli  in  its  diaMtatic  action 
on  starch  anil  in  it8  inverting  actK>n  no  callc-sllJ^f:u'  and  niulto.se,  than 
are  infusions  of  the  Siinie  nuitcrial.  Starrh  also  dirtappeans  fnan  an 
mkstiiial  fistula  (Tliiry)  nmeh  more  rapidly  than  it  is  possible  for  the 
anocus  enterieus,'*  juilging  from  other  experiments.  t*>  convert  it  into 
sugar.  These  facts  point  t<i  a  ]M^ssihility  that  the  epithelial  cells  of 
the  intestiuiil  mucous  meinbraiic  may  pnsi^ess  tfie  pnwer  (if  ahsmhing 
atiichea  and  saee  ha  roses,  and  suhmittiii^  them  U\  diawtatic  and  inverting 
{iroeesaes,  in  parsing  them  on  to  the  lymph  spaces  of  the  villi ;  tliat,  in 
bet,  cellular  tligestion  of  !ibsorl>ed  c^irhohydrates  may  take  place  in  the 
epithelial  celln  after  absorption. 

The  secretion  of  the  small  intestine  ia  generally  .stated  to  he 
inactive  towards  lactose,  so  tliat  the  inversion  of  tins  «ugar  prrshahly 
occnrs  after  its  ahsorption  Ijy  the  columnar  cells/* 

Human  succui^  entericus  has  Itcen  investigated  by  Kwald,^  by  D^uuant,*^ 
and  by  Tul>by  and  Maiming  ;^  they  all  agree  as  to  its  diastatic  actioa  on  startih 
and  inverting  action  on  cane-sagar  Tul>hy  and  Maauiug  also  te^^ted  its  action 
oanialt4j©e,  and  found  that  this  was  converted  luto  dextrose.  The  ferment  or 
inverting  material  adhered  tu  laueitw  whenever  a  iireeipiliition  of  thin  tdok 
place  in   the    fluid,   so   that  the  murms    was    more    elfe^.tive    llian    the   ek^ar 

DICxESTION  OF  PROTEID^. 

Hie  digestion  of  proteids  is  a  much  more  comjilex  process  than  that  of 
either  the  fats  or  earl>ohydrate.s,  and  one  of  which  our  knowledge  is  still 
lessejcact.  In  the  digestion  of  carbnhydrates  we  arc  idisdlntely  certain 
that  we  have  to  do  with  a  hydrolytic  prrux^ss,  and  that  from  a  Ixuly 
of  absolutely  fixed  percentage  conqK>sition,  though  often  of  nnknown 
molecular  weight,  there  is  ]uoduced  in  fligesti<ni  a  .substance  of  known 
fonnula,  aiul  to  a  certain  extent  of  known  structure.  In  pmteid  digestion, 
while  it  is  i>roljable  that  a  very  .si  mi  hi  r  actinn  i.s  lakirtg  phice,  we  liave 
m  Buch  certainty.  The  ihgestivc  juocess  begins  with  material,  the 
different  proteids,  which  varies  euusiilenibly  in  percentage  conip(>sition. 

^ZUehr.I  Jliol ,  MUaohen,  1895,  IM.  xxxii.  -S.  26*1 

^  Froe*  Il<*lf.  S(tc.  London^  18S0,  vol.  xxx,  ]*,  391',  Si/f  also  Slitjrc  and  Trbb,  Jotitm. 
HytUJ,,  Combridge  and  Loudon,  1892,  vol.  xiii»  {J*roc,  riit/swL  tSoc.)^  and  M.  L\  Tebb,  ibid. 
Tol.  IV.  p,  421. 

<  B*ilimaiiii,  Arduf,  d,  gr^f.  PhjstW,,  Bonn,  1S87,  [Id.  xli.  S.  421. 

•Meyer,  **Die  Lchrc  von  den  ciieiiiiactifd  Ft'imrutfu/'  18>^*2;  DasUo,  Arch,  dt.  pfiifMol. 
norm,  giwUk.t  Paria,  1S90,  tome  xxii,  p.  103  ;  C.  Voit  and  Lu>ik,  ZlSi-hr.  f.  Bid.,  MuucIilmi, 
\m,  bX  xxviii.  S.  275;  Mendel,  An^h,  /  r/.  j?^,s.  PhimoL,  IJoni],  181^6,  lid.  Hm,  S.  -m^ 
See,  however,  PauU  and  Vogd,  Ziuhr.f.  Biol.,  Maiiirhi  ii^  1  H9r»,  WA,  xxxii*  S,  ;i(J4  ;  Kohnianii 
IL  Lapfic,  Btf,  d,  deMtMh,  diem,  ik^fdhch,^  Herltn,  18^5,  lit!,  xxviii.  iS.  2^M}i>. 

«  Virehow't  Arthiv,  1879,  Ud.  Ixxv.  .S.  409,  «  Ibid,,  S,  190. 

^  Ouy^9  £fo$p.  Hep.t  London,  1891,  vol.  xlvlii.  p.  271  ;  Vcidniifd.J\  d.  mal  ft^issttutdt,, 
Berlin,  1S92,  S.  945. 

•  Paschntin  (loc.  ciL)  found  that  the  inverting  enzyme  wa^*  mechankally  ]>rwiidtati'd 
tloDg  with  collodion. 
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From  this  vaifai  material  jirothicts  sliowiiig  uiimite  variations  are 
produced,  of  wlucji  v  e  only  know  that  tliej^  are  more  suluble  than  the 
mother  substance,  leiia  easily  tlirnwn  out  of  Bolution  by  various  precipit* 
ants,  and  to  u  eertam  *^light  extent  are  capable  i»f  ditfuBijig  through 
membranes. 

Here  our  kijowletlge  at  present  Btnj)s,  lu  spite  of  mrmt  laboriouE 
researches  on  tlie  Htibject  by  a  Ito^nt  of  observe!^,  we  know  no  more  of 
the  structure  nf  any  save  the  final  deennijxjsitiou  products  of  prot€*id 
digestion  than  we  do  of  the  prtjteidH  theniselvei?!.  Certain  |iroduetH  have 
been  isolated  at  varinus  intenals  in  the  progi esa  of  (ligestiun  of  proteidn, 
which  show  tli;iL  the  prueess?  ^ivt^s  rise  tt>  several  intermediate  bodies , 
ever  increasini;  in  ^^iilubility  towards  pi*ecipitant8  as  they  are  forraetl 
nearer  the  end  nf  the  p  j  '  "  "  ?— -it  m  a  prot>able  inference 

from  analogy— that  tin  1  «.    pier  than  the  proteidw  from 

which  they  ori;iinak\  \\  ^  st  of  them  is  tcK>  complex 

for  our  fragmentary  k  indieation  of  it^  structure. 

Nor  is  there  any  knov  ip  of  these  several  siageB  of 

proteid  digestif ni  to  oi 

It  is   very   probalile  ruLeid  digestion,   like  all   the 

other  digestive  [)ri.if'e^sf«  absorption  of  the  elements  of 

water  or  hydrolysis. 

This  is  sho^\^l  by  the  i  — (1)  One  of  the  commonest 

agents   employ rnl   in   or|^ n  r  tne   pnri>ose   of   hyJrolysing  a 

substance   is   1  ruling    with   n  L^  jral    acid,    or  subjecting   in   cIos«d 

vessels  to  the  netion  of  stjperlieattti  steam.  On  submitting  j*roteidff  to  t3ie 
prolonged  actitiii  of  thp?a  reagents^  producta  closely  reaemhliug  or  identical 
with  those  })r(vihhTMl  by  the  aetiiai  of  the  proteolytic  eii/^yines  are.  obtained. 
(2)  A  small  but  deified  im-'reiLsr^  in  weight  ha,^  heen  obs^erved  in  the  formation 
of  peptone  frotti  proteid.^  (3)  Peptones  cjin  \n\  converted  artificially  Ifcack 
into  proteids  hy  the  ni?c  of  reagents  wincli  are  essentiEilly  deliydrating  in 
their  action.  If  librin  pei>loiie  he  heated  for  iiii  liour  with  aeelic  anhydride, 
the  excess  of  anydridti  distilled  off  wVwv^  with  aeetie  ^icid  forrne<l  in  the  pro- 
cess, an<l  the  residue  treated  with  hul  water,  the  gruater  part  of  it  dissulves- 
When  this  solution  is  dialysed,  there  remams  beliind  in  the  dialyser  a  solution 
whicli  coagulates  on  boiling,  and  is  precipi table  by  nitric  acid  or  potassium 
ferrocyanide.  Also,  peptone  heated  for  some  time  to  140"  C.  yields  a  substance 
which  on  solution  in  water  shows  more  of  the  properties  of  a  native  albumin 
than  of  a  peptone. - 

Other  tlieories  regarding  the  digestion  of  proteids  are — (1)  That  the  proteids 
are  jwlymcrs  of  the  })eptones,  and  that  the  process  of  digestion  is  a  process  of 
depolymerisation,-^  (2)  that  proteids  and  peptones  are  simply  different  isomeric 
forms  of  tlie  same  substance,  and  (3)  the  micellar  theory,*  according  to  which 
the  proteids  arc  composed  of  micelli,  which  are  a  kind  of  second  order  of 
molecule  much  more  complex  in  structure.  On  peptonisation,  the  proteid  first 
l)reaks  up  into  its  constituent  micelli,  then  the  micelli  fall  into  molecules,  in 
tlie  chemical  sense  of  the  word,  and  tliese  molecules  are  the  peptone  molecules. 

'  A.  Danilewski,  Vnitralhl.  f.  d.  wed.   Wissensch.y  Berlin,  1880,  No.  42,  S.  769. 

-  Henniiigt'r,  Comyt.  irjtil.  Acad.  d.  sc,  Paris,  1878,  tome  Ixxxvi.  p.  1464;  Hofmeister, 
Ztsdir.  f.  jthusioJ.  Clicm.,  Stra.'^sKurg,  1878,  Bd.  ii.  8.  206;  Neumeister,  Ztschr.  /.  Biol.y 
Miinchen,  1^87,  Bd.  xxiii.  S.  394. 

»Maly,  Arch.  f.  d.  (jcs.  Phi/siol.,  Bonn,  1874,  Bd.  ix.  S.  .585;  ibid.,  1879,  Bd.  xx. 
S.  315  ;  Hertli,  Ztschr.  f.  physinl.  Chrtn.,  Strassburg,  Hd.  i.  S.  277  ;  MonoUsh.  f.  Chcm.y 
Wicn,  Bd.  v.  ;  Puthl,  Jkr.  d.  drutsch.  chcm.  GcscUsck.,  Berlin,  1881,  S.  1355;  1888,  S. 
1152;  Loew,  Arrh.f.  d,  fjes.  Physiol.,  Bonn,  1883,  Bd.  xxxi.  S.  393. 

"*  GriessrnaytT,  Jahrt^h.  ii.  d.  Fortschr.  d.  Thicr-Chan.,  W'iesbaden,  Bd.  xiv.  S.  26. 
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Ultimate  chemical  analyi^is  shows  thut  the  cuinposition  of  the  peptones 
and  albumoses  is  practieally  the  sanie  as  that  of  the  i»i\)teids  from  wliich  they 
are  farmed ;  in  some  cases  the  proteida  8how  a  somewhat  higlaer  percentage  of 
carbon  J*nd  lower  of  hydrogen  and  «xygen  tliaii  the  pruteids  \A  their  digestion, 
in  others  the  reverse,  hut  in  no  cases  any  very  cnnsidtrahh*  variatitm.  So 
thaty  if  the  process  of  pept^inisation  is  one  uf  hydrolysis,  the  peptone  mnlecmle 
znast  be  ont  of  all  proportion  greater  than  that  of  the  inolecide  of  water. 
Nevertheless  the  hydrolytic  theory  is  tlie  one  most  generally  reeeived,  and 
mgniDist  this  unfavourable  argument  from  analytical  results  must  l)c  set  the 
olher  experiments  already  quoted. 

Tlie  main  dilTerenres  between  tlie  pro te ids  and  pept/>ne.s  of  ]iliy Bio- 
logical importiinee  are  the  pihysiral  ones,  thsit  the  hitter  are  much  inure 
sriluble,  and  are  diHiLsible,  tin  nigh  witli  dillieiiltv,  throuj^Ii  ineinbranea. 
It  Ls  indeed  pureiy  by  pliysie^il  lueatis  that  we  at  present  dilVerentiate 
proteidE  and  peptones  and  tfie  intennediate  im>duet,s  between  them, 
and  not  by  any  well-marked  eheniicvil  difTerenees  sbnwn  by  tliem.  The 
dlfiferent  proteids,  albumoses,  and  peptuneri  are  rlassifieil  and  marked 
ofT  from  one  aijuther  alniost  entirely  l>y  tlie  behaviour  of  their  solutions 
towaixls  w>lutioiiB  of  neutral  faults  of  diirerent  strength,  aect>rding  to 
whether  these  dissolve  or  preeipitate  them.  It  is  questionable  whether 
it  is  justifiable  on  such  a  slender  basis  to  assume,  as  is  eomnioidy  done 
that  these  precipitates  eorrespcuid  b)  pure  eoujpoumls.  It  might  to  be 
remembered  that  these  names  at  present  only  app4y  to  certain  precipi- 
tates, and  that  it  is  not  at  all  known  whet  her  these  represent  distiin;t 
chemical  substanees,  nor  indeed  what  they  do  represent.  Still  less  right 
have  we  to  assume  from  mere  lu'otehl  analyses  that  tiie  ]>roducts  uf 
digestion  of  ditlerent  proteids  yield  substances  distinctive  of  them  and 
worthy  of  distinctive  names. 

The  two  prote<dytie  enzyujes,  pi^psin  and  trypsin,  elosely  resemlde 
each  other  in  their  action  nn  prot(?ids,  a  series  of  viMy  similar  proline ts 
being  in  each  case  evolved,  which,  generally  Hpeaking^  become  more 
soluble  and  probably  simpler  in  eonstitntion  as  the  cud  of  the  process  is 
approached.  Stdl  there  is  sufficient  diHerenc-e  to  warrant  a  sejiarate 
consideration  of  the  two  processes. 

Peptic  Digestion  of  PnoxKins, 

The  stomach  was  recognised  even  by  the  ancients  (is  a  digestive 
organ,  and  its  action  attributed  in  many  cases  to  the  *' animal  heat** 
assisted  by  mechanical  fmee.  Digestion  seems  to  have  been  lirst  con- 
sidered as  a  similar  juoeess  to  fermentatinn  l»y  van  Helmnnt,  and  this 
view  was  also  mainUined  by  Sylvius, 

Rciiumur*  seems  to  have  been  tin-  lirst  to  experiment  on  gastric 
digestion.  He  carried  out  his  successful  experiments  on  a  tame  Imzzard, 
which,  like  sorae  other  birds  of  prey,  regvn'gitates  afU^r  a  tijne  the  more 
iiidigeHtible  portions  of  its  food.  He  ailministered  various  kinds  of 
fo«j<J,  enclosed  in  small  metallic  tubes  closed  at  *>ne  end  a  nil  covered  by 
muslin  at  the  other,  s<t  as  to  prevent  any  meehantcal  actimi  of  the 
gizzard  and  yet  allow  the  gastric  jniee  to  act:  la*  fouml  that  meat  was 
digest^ed  in  the  course  of  some  hours,  and  in  a  slauter  jieriod  was  digested 
jiartiaily  on  the  outsicle  while  the  interior  still  remained  untouched. 
Beauiour  also  obtained  gastric  jiuce  by  enclosing  pieces  of  s|)onge  in 
^  "  First.  Atad.  roy.  d.  sc.  do  Pa-ri.s"  1752,  pp.  2*)f»,  \<\\. 
VOL.  I.— 26 
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such  tubes,  Init  could  not  get  it  to  act  outside  the  body.  Similar  ex- 
Xieriments  were  carried  out  by  Stevens  ^  of  Edinl)urgh,  who  availed  him- 
self of  the  services  of  a  juggler  possessing  a  trick  of  swallowing  stones 
and  regurgitating  them.  This  man  he  gave  to  swallow  some  hollow 
silver  balls  which  were  perforated  with  holes ;  the  balls  were  screwed 
together  in  two  halves  and  could  be  filled  with  meat.  He  found  that 
the  meat  was  rapidly  dissolved  and  disappeared.  To  Stevens  also  belongs 
the  credit  of  being  the  first  to  observe  digestion  outside  the  body.  He 
obtained  gastric  juice  from  a  dog's  stomach,  and  found  that  when  a  piece 
of  meat  was  sul)jected  to  its  action  in  a  warm  place  it  became  dissolved 
in  about  eight  liours. 

Soon  afterwards  Spallanzani  confirmed  these  experiments,  and 
showed  conclusively  that,  under  favourable  conditions,  the  juice  acted 
outside  the  body,  and  also  that  it  had  a  marked  action  in  preventing 
putrefaction. 

Ijclween  1825  and  1833  Beaumont  published  his  classical  observa- 
tions on  Alexis  St.  Martin.  In  1834,  Eberle-  discovered  a  method  of 
preparing  an  artificial  gastric  juice,  which  possessed  all  the  digestive 
])roperties  of  the  normal  secretion,  by  acting  on  the  gastric  mucous 
membrane  with  dilute  hydrochloric  acid.  Schwann^  in  1836  gave  the 
name  pepsin  to  the  active  ])rinciple  to  which  he  supposed  the  gastric 
juice  owed  its  activity. 

Products  of  peptic  digestion.— The  first  exact  investigations  into 
the  nature  of  the  ])ro(lucts  of  gastric  digestion  are  those  oiP  Meissner* 
and  his  ])upils.  After  digestion  in  acid  solution  and  filtration,  a  pre- 
cipitate was  obtained  on  nearly  neutralising,  to  which  the  name  of 
paniprpfonr  was  given. 

There  is  a  ('onsiderablo  dilTerenoe  of  opinion  among  various  authors  as  to 
what  this  para  peptone  of  Meissner  is  represented  by  in  our  more  modern  nomen- 
clature. \\\  some  it  is  stated  to  have  l)een  syntonin.  If  Meissner  had  used  a 
stronj^'ly  ])e])tic  iligcstive  medium,  filtered  and  neutralised,  just  after  tlie  V")ulk 
of  the  proi.'id  was  dissolved,  he  would  undoubtedly  have  obtained  syntonin  or 
acid  allMiniiii  ;  liut  from  his  de'^crii)tion  it  is  evident  that  he  was  de-aling 
with  a  sii])>{aii('e  afterwards  discovered  by  Ividine,  and  renamed  antialbumat^. 
This  >ii])staiicc  sccnis  by  its  behaviour  to  be  indeed  a  close  ally  of  acid 
alhuniin,  and  i^  (»]»tained  most  readily  by  a  more  prolonged  action  of  dilute, 
aciils  nt  40  ('.  tlian  is  necessary  to  form  acid  alhumin.  It  is  also  formed  to 
a  small  extent,  in  a  v/'^a/.'  peptic  di^^estive  medium,  ])r()hably  from  a  similar 
cause.  Like  arid  (or  alkali)  all)umin,  it  is  insoluble  in  wat^r,  but  easily 
soluble  in  evt'ii  very  dilute  a(;ids  or  alkalies  ;  but  it  ditfers  from  acid  albumin 
in  that  when  once  fornuMl  it  is  not  attacked  by  any  pepsin  in  acid  solution 
by  whi<'h  ai-id  alhumin  i^  actively  peptonised.  It  is,  however,  cmivertible  into 
])eptone  (antij-eptone)  l)y  the  action  of  pancreatic  juice,  no  leucine  or  tyrosine 
beinu'  simidtane..u>ly  formed.  Meissner  was  undou])tetlly  using  very  weak 
solutions  i>f  ])e]»>in,  and  the  action  he  obtained  aj)proximated  to  the  prolonge<l 
action  of  weak  a-ils  alone  at  40"'  C  The  ai-tion  of  the  pepsin  present  was 
too  weak  to  eat'']],  a<  it  were,  all  the  acid  alhumin  on  its  way  into antialhumate 
and  p<'pt;'ni>e  it  ;  and  when  oner^  any  antialhumate  was  formcil,  it  could  not  then 
he  atta'ked  and  ]M'ptonise(l.      Mei-sner's  ]>roduct  wa^  thus  almost  purely  anti- 

•loiuiii  <M»!ii(M-tiMiir,"  Ivliii.,  1  777. 

1.   \  •■r'l.iauiiL,' iru-h  W-rsU'li.."  Wiirzhur;,',  1^31. 

»"'..    l';.>l^;,J.    >',    iris.r/l^rh.    M.<1..    1^:M,   S.    '.'0. 

''.    .1/"/.,    l^.V.t   Iso-i,    Diitn-   Urili.'.  I'xl.   vii.  S.  1  ;    viii.  S.  2S0  :  x.  S.  1  ; 
.   S.   -yy.'..      i:.vi.;\v..Ml   ill   /;/(>/.    rrafmlf'K.    Kilmirt'ii,    1^84,    Hd.    iv.    S. 
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^Imiiuite.  If  he  had  used  a  dighthj  stronger  Rolution  for  a  somewhat  shorter 
ijiaei,  he  would  have  ohtiiined  a  mixture  which  wouKl  liave  been  partially 
p«pt«jiiised  and  partially  remained  uni^hanged  ivhen  sul>jected  to  tlie  ai-tioM 
afterwards  of  stronj^  fresh  pepsin  and  acid  ;  if  he  had  used  a  strongly  peptic 
flotuiioii  for  a  ranch  shorter  time,  the  result  would  have  been  purely  acid 
albumin  aiid  no  aiiLialbumate  whatever ;  giving  with  fresli  pep-sin,  or  more 
prolonged  action,  complete  peptonisiatiou. 

On  the  addition  of  neid  to  the  almost  neutral /^(/?r^/^/  acid  solutitm,  a 
further  precipitate  formed,  which  Meissner  regarded  as  a  <lilfereiit  .sub- 
stance,  and  called  jnefnpeptom.  It  was  insrdnhle  in  very  dilute  acids  (0"1 
per  cent,),  solulde  in  stronger  aci<ls.  A  third  resiihie  ohtaiued  in  the  (li^^eR- 
tion  of  casein  or  tibrhi  he  called  {hi^prpdmi' :  thin  wiih  insiduhle  in  dilute 
aculs  (2  {>er  cent.  HCl),  hut  wohiide  in  dilute  alkalief^  and  iu  stronger 
acida  Tliijs  fitihstance  wat^  probably  a  mixture  ipf  nucleins,  witli  the  sub- 
stance 3uhse<pu?ntly  described  by  Kiihne  as  antialbuiiiidJ 

After  the  removal  of  these  neutralisation  products,  varioun  other 
substances  were  still  left  in  solution;  these  Meissner  classed  together 
^R  jteptt^nes,  distingidshing — 

d-peptone,  precipi table  l*y  concentrated  nitric  acid,  as  well  as  by  potassium 
ferrocyanide  and  dilute  acetic  acid. 

/8-peptonev  not  precipitated  by  nitric  acid,  hut  l>y  potassium  ferrocyanide 
and  strong  acetic  acid. 

y-peptone,  not  precipitated  either  by  nitric  acid  or  by  potassium  ferro- 
cyanide and  acetic  acid. 

Of  these  three  6al>stanees  only  y-pept^mc  currcsponds  to  the  present-day 
de&nition  of  a  peptone  ;  tlie  others  were  probably  diltereut  Eilbumoses. 

A  valuable  Ride-light  was  thrown  on  the  digestion  products  of 
ptoteicls  by  Sehiitzenberger's  -  researches  on  the  [aidonged  aetiiui  of 
aciclfi  and  alkjilies  at  high  tem]ierature8  on  these  substances.  It  has 
already  been  indicated  tliat  pept*aiisatinn  is  the  result  obtained, 
follow^ed  finally  hy  a  splitting  up  into  aniido-arids. 

Superheated  steam  possesses  a  similar  peptonising  action  on  pn«tcids,  and 
yields  by  prolonged  action  the  usual  araido-acids.^  According  to  Neuiiieister,^ 
the  intermediate  substances  produced  are,  however,  srnuewhat  dinercutj  tlie 
vubdtanee  first  foniied  lies^  interiuediatc  between  tin-  conguIal4e  proteids  and 
the  albumoaes.  It  is  not  coagulated  by  lioihug,  but  iu  il^s  behaviour  towards  the 
mnal  precipifcants  hebavcs  like  a  coagulable  pri>teid  :  this  substance  is  termed 
atmidalbumin.  By  further  hydration  it  yields  a  true  alhnraose,  which,  however, 
diflers  somewhat  in  its  properties  from  any  of  the  albumnses  naturally  formed 
in  digestion,  and  has  been  named  afmitfaUjUftHmi.  ISotli  atniiibdbumin  and 
atmidalhumoge  are  precipitated  by  dilut^^  acids,  and  are  iinivprted  by  boiling 
with  dilute  sidpburic  aci<l  into  deutens-alhuniose.  Similar  produrt.s  aw  [pro- 
duced by  tlie  artion  of  the  vcgctiiblc  iligestivo  fenaent  pajioyotin  or  pjqjaiu, 
and  are  in  the  eud,  by  the  pr-dongcri  ar^tion  nf  this  friiiient,  convcHed  into 
amidoacids.^ 

»  S««  p.  iOQ, 

*BtdL  Soc,  chim.,  Paris,  1575,  toiiin  xxiii.  p]).  161,  1^'^,  21fi,  212,  3Sf»,  4H:I  ;  xxiv.  [ip. 
2,  145  ;  JahreHh.  ii.  d.  Fortschr.  d.  ThkrClLcm.,  Wicshiulen,  ls75,  P*(j.  v.  S.  *jli9, 
Silmtzenberger'n  researrlies  ftri?  rcf^Ticfi  to  at  length  in  ttn' uitirle  on  the  •Thiiiiikal  Con- 
frtitoeets  of  tljc  Body,"  [>|>.  30  32  of  this  vulnTin^^ 

*  Labavin,  Hoppr-Sciihr's  Mr(K'''hrm.  Vjiirrsutit,,  Bfrh'n,  1^71,  S,  |sn  ;  KniknilnTg, 
Sitzun^.  d.  Jenaisch,  Ge,t^lisch,  f,  JM,  u,  Ntihtnr,,  18SG, 

^ZisrJtT.f.  Bh>L  MiUioliCD,  1S90,  H<J.  xxyi,  S.  ^7. 

■  Si*lin?y  MartiiJ,  Joum,  rhtjsiitl.,  f  ambriiJgt- aiul  Luinlon,  J^S.'),  vo],  vi,  p.  n:iO» 
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Meis8ner*8  views  m  ta  the  decompoRibicui  uf  ]n'riteuls  cm  digestion 
did  not  at  fir^t  olttjiiii  much  credenee.  The  fonniition  of  a  subBtiine^i 
precipitated  bv  netitrslisatioii,  and  inrapahle  of  fmih-er  rmnrrmmt  htf 
pepsin  and  an  ffrid  in  tlie  course  of  noniial  dij^estirnu  wiu'^i  denied,  and 
with  right,  by  Hi  iieke  mid  others, 

Briicke^  stsited  tlint  there  waR  no  ^ueh  deiHiTii]io5^itiun  vf  the  pnv 
teid  molecule  iia  Meiet^iier  iiidieated,  but  that  lihriii  h  first  difiHolv^e^l 
and  afterwards  converted  in  jj^reat  jMirt  into  tieid  albumin,  accom- 
panied even  at  first  by  peptone  in  Huiall  quantity*  If  neiitralisatioii 
takes  place  at  this  stage,  a  lieavy  |>reci]»itatiou  is  the  result,  and  there 
remains  in  solution  a  Rmall  quantity  of  coagulable  pr^iteid  (foiinMl  by 
the  solution  of  the  tibi'"^  '^*'^'  r"*  — *  '^'^ verted  into  acid  albumin  by 
the   acid)   mixed    with  If  [itnne.     If,  however,  peptic 

digestion  be  allnwcd  t  f  ^tion,  no  precipitation  oecure 

on  neutralising,  and  tl  ily  iilbuuKJses  and  peptones. 

This  shows  that  Meisi  ^ell  as  Kiihne'H  antialhumate 

and  antialbumid,  whi  ater,^  are  not  fiHined  to  any 

extent  in  acti>  e  pepl  «rely  products  of  j»rolonged 

action  of  dilute  acid. 

In  order  to  study  th  sptie  digestion,  it  is  neee^mry 

to  proceed  with  a  tligc  j.  ?en  puiifietl  from  products  of 

digestion,  due  U*  .self  dij  i  .,  uy  one  of  the  methods  already 

described,^  or  elso  to  txiKC  a         ti  n    i^ecTihar  pmpprty  ]KpK5;eased  by 

fibrin,  and  in  a   lesser  df'grcr   u^v  s ..aier  form-*  of  pntteld,  of  absorbing 

pepsin  from  solution.^ 

Any  digesti\e  lliiid  containing  pr-psin  (mu^h  as  that  ohttiintd  by  auto> 
digestion  of  pig's  gastric  mucous  menibranc  in  tlilute  hydrudiloric  acid)  is 
carefully  neutralised,  using  jHwderetl  clialk  for  the  purpos^o,  so  as  to  avoid  all 
danger  of  alkalinity,  by  whieb  tlie  pfip.^in  would  be  nipidly  destroyed. ^  Alter 
neutralising  and  iiit<?ring,  the  Ihiid  is  shaken  up  with  (lakej^  of  libnii  for 
some  time  ;  this  is  best  done  by  blowing  a  strt^am  of  air  througli  the  mixture, 
placed  in  a  tall  vesflel,  by  means  of  a  Unusen  filtrr  pump.  In  about  an  hour 
the  fibrin  becomi'B  impregnated  witli  peiisiii,  whidi,  lumever,  cannot  attack  it 
in  the  neutral  fluid.  So  firmly  adherent  is  the  enzyme  to  the  fibrin,  that  the 
latter  may  be  fi  rtVly  washed  without  partiitg  from  it  If  this  fibrin  he  now 
placed  in  dilute  hydrochloric  acid  (^2  ]jer  ceut)  at  40^  C,  it  is  qniekly  dis- 
solved and  dige^^ted.  Instead  of  neutralising  tlie  impure  digestive  fluid,  it 
may  be  saturated  with  sodium  chloride,  whicli  i^itopj^j  the  digestive  action  of  the 
pepsin;  on  now  [i^'itating  tlmroughly  for  about  an  hour,  the  fibrin  m  saturated 
with  pepsin,  af tn  i  which  it  may  be  washed  as  before.  Thiii  peculiar  power  of 
absorbing  pepsin  i.-  .^hown  in  a  varying  degree  liy  all  ,s(>lid  fornus  of  proteid. 
Fibrin  possesses  it  most  markedly,  muscle  fibre  and  casein  also  show  it  well, 
but  coagulated  proteids  show  it  comparatively  much  more  feebly.^ 

Fibrin,  or  other  solid  })roteid,  on  digestion,  swells  up,  dissolves,  and 
is  converted  into  syntonin  or  acid  albumin.    The  same  result  is  obtained 

1  Sitzungsh.  d.  k.  Akad.  d.  Wissensch.,  Wicii,  1859,  Bd.  xxxvii.  S.  131  ;  1861,  Bd.  xliii. 
S.  601. 

2  See  pp.  406-409.  ^  Sec  p.  402. 

•»  Von  Wittich,  Arch.  f.  d.  gcs.  Physiol.,  Bonn,  1872,  Bd.  v.  S.  443  ;  K.  Mann,  **UeV)er 
die  Absorption  dor  protcolytischen  Enzyme  durcli  die  Eiweisskorper,"  Jnaiig.  Diss., 
WUrzburg,  1892,  S.  23. 

^  Langley,  Journ.  Phtjsio/.,  Cambridge  and  London,  1882,  vol.  iii.  p.  253. 

*  Wurtz,  Compt.  rewJ.  Acad.  d.  sc,  Paris,  1881,  tome  xoiii.  p.  1104;  A.  Kick, 
Sttz7i7igsb.  d.  /dnfs.-med.  Gcselhch.  zu    JFnrzburg,  1889,   S.  23;  K.  Mann,  Inaiig.    Diss., 
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with  acid  alone,  biifc  iiicnuinambly  more  slowly.  The  acid  ami  ferment 
seem  to  mutually  assist  eaeli  otlier.  Pepsin  alone  is  inactive,  the  acid 
jilone  acts  with  extreme  slowness ^  Init  in  tlie  preKenfe  of  the  aeid  the 
ferment  si^eedily  dissolves  the  proteid,  wideli  is  tlien  rapidly  attacked  by 
the  acid  aud  converted  into  acid  albmnin. 

When  the  prot^id  un<lergoiii^f  digestion  is  fre^li  fibrin  wliieli  has  not  hcen 
previously  subjected  to  heat  co.igulatiou,  a  body  poRses^ing  the  properties  of 
A  globiilin  is  found  in  the  solution  in  the  first  f^taj^'e  of  digestion,  before  or 
just  when  complete  solution  has  taken  place;  a  sindlar  body  ij*  also  said  to  be 
formed  in  small  quantity  as  a  first  product  of  digestion  of  other  forms  of 
proteid.1  In  a  recent  piper  it  is  stated  by  Artlius  and  lluber-  that  this 
globulin  is  simply  dissolved  fibrin.  Tht^se  authors  fountl  such  a  Iwdy  co- 
agulating at  5C^  C.  on  digesting  unboiled  fibrin  ;  Ijut  boiled  fibrin  yielded  no 
«nth  priHiuct.  They  also  deternnneil  that  '*  Witte's  Peptone  "  dissolved  un- 
boiletl  fibrin,  at  40'  C,  giving  a  solution  which  coagulated  on  heating  at 
56%  68%  and  75°  C. 

The  acid  albiouin  is  next  attacked  by  the  pepsin  and  furtlier 
alt«re<l,  giWng  rise  to  a  nund>er  of  substances  called  ftJIinmoACii,  prokoses^ 
or  prop^ptoitrs,  and  these  in  turn  are  slowl}'  and  incnm]»letely  eon- 
verted  into  peptones.     Here  the  artinn  of  pepsin  renses. 

Cleavage  theory  of  proteid  digestion.— Tbe  cleava^^e  theory  of 
proteid  digestif ui  was  first  ouimk  latcd  l>y  Kiibno  in  1877.^  Me  dt'Si-ribes 
the  digestion  of  albiuuina  by  tryjisin  as  takin^^  ]ilaee  in  two  stages :  in 
the  first  stage  the  albumin  is  eliao^^ed  into  peptone  {amplujpeptone) ; 
in  the  second  stage,  one-half  of  this  pej^tone  (heniipeptone)  is  further 
changed,  while  the  other  half  (antipei^tone)  remains  unaltered.  Peptic 
digesstiiui  is  not  essentially  ditli^rent  from  tlie  Hrst  stn^'e  of  tryptic,  and 
while  it  is  not  possible  to  olttain  two  Ijodies  froni  pe])sin  ]M'}>tone^  still  it 
L?  probable  that  this  substonei:;  is  a  mixture  nf  two  botlit^n,  anttpeptone 
and  hemipeptone,  as  is  also  tlie  ease  after  the  first  stage  of  tryptic 
iligestion. 

Unable  to  isolate  two  I  tidies  from  the  end  ]»rodnrts  of  peptic 
digestion,  one  of  winch  shoidd  remain  UTu-biinged  when  subjected  to 
tryptic  digestion,  while  the  ntber  broke  vi]i  under  like  treatment  into 
lencine  and  t>Tosine,  Kiihne  surmised  that  the  eleavagr  nnght  take 
place  earlier  in  the  process  of  peptic  digestion,  and  that  more  success 
might  attend  an  attempt  to  separate  the  precursors  of  anti-  and  liemi- 
peptone,  namely,  the  corresponfling  allnunoscs,  by  interrupting  jieyitic 
digestion  at  an  early  stage,  and  experinnTiting  upon  tbe  products  then 
in  Pfdntion.  By  interrupting  ]>eptic  digestif ai  at  «iu  early  singe,  two 
substances  were  obtainefl :  one  was  a  neulridiH?itiftn  precipitate,  whicli,  on 
tryptic  digestion,  afterwards  yielddl  only  antipeptfuie,  ami  was  hence 
named  antmlhtfrnos*:]  the  other,  obtaincfl  frmn  the  filtrate,  was  tie- 
composed  l>y  trypsin,  with  formatif>n  of  leucine  and  tryosiiie,  and  was 
hence  name<l  hemiffJInfmosc*  Kiihne^  also  reinvestigatetl  the  action  of 
acids,  renaming  Schiitzenberger*s  liemiprf>tcin  fititialhiotutf,  iiud  a  body 

J  Bruckc,  SitrnnifsfK  tl.  L  Alvd.  'L  If'tHitfjurh.,  Wicn,  ISfiO,  B^L  xxxviu  K  182;  Otto, 
Ztmhr.  f,  physiol,  Chrm,,  Stm<sl>iir^\  18S3,  Uil  viii.  8.  VI'J  :  lla^rj-lirmk,  ihiit,  ISSJ,  Bd. 
jd.  8.  348  ;  ^A.  Hf^rrniioni,  ibid.,  1887,  B>1  xi.  S.  f^O^  ;  Nt^uniMtstLT,  J^ischr.  /.  BioL, 
Mancheii,  1&90,  lid.  xxvii.  S.  310. 

^  Arth,  dr  phffxiol,  norm,  rf  poJh.^  Viins,  ISJi^I,  tume  xxv.  n.  447. 

»  VerhandL  d,  naiurh.'mcd.  Tcr.  :«  HeUdhtrg,  1877,  N.  F.,  Bd.  i.  S.  1'MX 

<  Fwfo  iirfra.  *  Loc.  cit. 
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closely  reseinl^ij  Ueissner'a  |)arapet*t(me  mit.ialbnntat€:  eonsideriii^ 
them  anti  bodies,  iram  the  fact  that  they  do  not  yiehl  leuL^ine  and 
tyrosine  on  tryptk-  digeHtinii,  hut  are,  though  witli  dilileultj  (e»j:jeciaUy 
in  the  case  of  aiitialbuiuid),  cou verted  into  antiptq^t'Oiie. 

Ktihne  gavti  the  followiDg  grapliic  represents itionts  of  the  cleavage  of 
proteids  by  acids  and  by  digestion  :- — 
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Kiihne,  hi  (m>hj unction  witli  Chittc?udeu,^  aul»sfqnfntly  investigated 
more  miiuitely  tlie  intermediate  products  in  pei)tic  digestion,  and  those 
formed  by  the  action  of  dilute  acids.  The  following  is  an  account  of 
the  substances  obtained  and  their  mode  of  preparation :  — 

AnfialhuDiid. — Tliis  substance  was  prepared  as  follows  : — The  white  of  fifty 
eggs,  freed  from  meinl)rane  and  much  dihited,  was  made  feebly  acid  with 
sulpliuric  acid  and  coagidated  by  boiling.  The  coagulum  was  suspended  in 
1300  r.c.  of  water  containing  7  c.c.  of  sulphuric  acid  and  heated  to  100°  C. ;  after 
ten  liours  it  appeared  little  altered  and  was  filtered  off.  The  filtrate  gave  on 
neutralisation  a  ])recipitate  principally  composed  of  acid  albumin.  After 
removal  of  the  lirst  acid,  the  albumin  which  had  remained  undissolved  was 
heated  with  3  litres  of  }^  per  cent,  sulphuric  acid  to  100°  C.  for  nineteen  hours, 
then  collected  on  a  filter  and  coni})letely  washed. 

The  albuinid  thus  obtained  was  insoluble  both  in  dilute  and  concentrated 
acetic  acid,  and  in  hydrochloric  acid  of  1*4  per  mille  and  stronger,  but  easily 
soluble  in  dilute  caustic  soda  solution  and  in  dilute  alkaline  carbonates,  from 
which  it  was  precipitated  by  concentrated  sodium  chloride.  Purified  by  diges- 
tion with  gastric  extract  and  4  j)cr  mille  hy<lrochluric  acid  for  six  hours  at 
40' C,  it  remained  uiuiissolved,  l)ut  chani^a'd  in  apjjearance,  becoming  clotlike. 
The  clot  was  washed  with  water,  dissolved  in  1  j)er  cent,  solution  of  sodium 
carbonate,  liltered,  reprecipitated  with  sulphuric  acid,  and  waslied  again.  It 
now  dissolved  in  2  per  mille  hydrochloric  acid,  and  in  this  solution  was  digested 
with  good  peptic  extract  for  eighteen  hours.  It  was  unchanged,  and  reappeared, 
in  equal  amount  to  the  eye,  on  neutralisation  of  the  solution. 
'  Ztschr.f.  Biol.,  Miincheii,  1SS3,  IM.  xix.  S.  159. 


CLE  A  VA  GE  THE  OR  Y  OF  PROTEID  DIGESTION.        407 


Now  waslied  with  water  until  no  reaction  for  cliloridtvs  was  obtainetl,  and 
aftenrards  treated  witli  akoliol  and  ether,  it  fLimieil  a  jHJwder  of  slightly 
jellovirish  colour.  A  jmrt  of  this  puiihed  antiulbumid  was  dissolved  in  soilium 
CiU"bL»nat€  solutiuu  of  '5  per  cent.,  aud  treated  witli  a  dialy^ed  and  very  active 
tryjiisin  solution  at  37 "-38"  C.  After  tliirty  minutes  the  mixture  began  to  be 
turhid,  and  m  two  hours  ®olidihed  to  a  eh  it.  By  break  hig  up  the  ek)t  and 
filtering,  the  fluid  part  wai*  ,^etk^rated  from  the  clot ;  it  was  made  scarcely 
turbid  by  neutralisation,  and  yielded  by  further  digestiuu  no  new  p]ecii>iUte,  hut 
contained  a  fair  amount  of  pejitone. 

The  separated  clot  wa^s  sijluhlc  in  liydmdiktric  aeid  of  2  per  mille,  hut  as 
insKjluhle  in  suJphuric  aeid  of  4  per  mille  as  the  original  ju'ccipitate.  It  was 
completely  precipitated  from  solution  in  1  jier  cent,  sodium  earboiiate  «idntien 
by  concentrated  sodiuui  ehloridc  soluti'UK  Froui  this  it  seems  that  in  the 
coagulation  of  albuiuid  i\\  trypsin  no  chauj^e  takes  place  otluir  that  its  bei^otu- 
ing  more  insuluhle  in  iiodium  rarb^jnate  solution.  Tlu^  arlirai  of  try]>siu  in 
more  alkaline  solution  wits  next  tried;  after  tbe  first  inefipitution  of  the 
albumid  it  was  diss<3lved  in  75  per  ceut.  sodium  carbonate  snlution,  di^et^ted 
with  dialysed  tryptic  fluid,  neutralised  and  Altered.  The  clotlike  albumid  was 
dissolveti  in  5  per  cent.  mtJinm  mrbouafe  mint  if  m^  aud  l»y  re[)eatefl  di^'<^sli<jn 
with  dialysed  tryptic  fluid,  ihf'  fji^eaier  liortion  was  converted  into  anti|>eiitone. 
The  final  residue  from  this  uuiL'h  aerentuated  tryptic  digestion  was  com[)letely 
insiiluble  even  in  5  per  cent  sodium  caibonate  solutioUj  but  dissolved  in  1  j>er 
cent,  tmustic  suda.  Precipitated  by  neutral isiu;^'  with  hydrochloric  arid, 
washed,  redisRidved  in  sodium  rarboiiate,  aud  treated  with  trypsiji  auew,  itwas 
again  completely  throwui  out  as  a  elotlike  coagulation.  Ko  leucine  or  Lyrifsine 
wa^  present  in  the  tryptic  filtrates. 

How  widely  this  account  dilVcfs  from  ibe  sUtttiuiient  which  occurs  in 
m<j€t  text-books,  that  antialbumid  is  not  attacked  hj  pc]»sin,  but  in 
converted  into  antipeptono  l^y  trypsin,  niay  easily  be  Hueih  In  a  Ihnd  of 
equal  alkaUnity  to  that  louud  in  the  body.  riiiti;dbuuii<l  is  lui  more 
digested  by  trypsin  than  it  is  by  pepsin  a!id  bythochlnrie  acid  Xow 
it  has  been  shown  that  trypsin  is  mt>Ht  active  in  a  sodium  carbonate 
solution  of  about  1  }>er  ceiit,,^  and  considerably  less  uetive  in  one  td'  5 
per' cent. ;  why  then  does  try]jsin  in  5  per  ceiiL  solution  do  that  wliicli  it 
is  unable  to  do  in  1  per  cent,  sobiliou  ^  Obviously  because  the  5  j>er 
cent  solution  dissolveg  the  clot  of  antiallaunitl,  while  tlie  1  per  c^ent. 
solution  does  not  In  the  furuicr  ea,se  a  weaker  iIy]^sin  acts  on  anti- 
albumid in  isrdntion ;  in  t!ie  latter,  a  struni^^'r  trypsin  on  antialbumid  as 
an  insoluble  precipitate. 

Be  tiiis  as  it  may,  antiall>uinid  is  only  with  jL^reat  ililtienlty  and 
incompletely  peptonised  by  trypsin.  In  all  its  ]uoperties,  fnau  its  mode 
of  furmatioTi  onward,  the  substance  a]'puars  ti>  be  merely  a  very  insidul»le 
form  of  acid  albumin. 

Anlialbf(mmc.~By  a  fractionated  peptic  diL^estiou,  Kiibue  and 
Chittenden^  obtained  a  snl>stance  wbieli  they  termed  antialbumose. 
The  pref*aration  of  this  substance  fi'om  w^lute  of  egg  is  as  fidbAVs: — 

Tlie  white  of  fifty  eggs  was  freed  fnuii  membrane,  dihited  and  coagulated 
by  boiling  after  acidifying  with  aretii!  aciil.  The  coagulated  proleid  was 
digested  in  two  litres  of  4  per  udlle  hydrot  hloric  acid  and  one  litre  of  dialysed 
l^tric  extract  fur  one  aud  a  half  hours  at  40  C*,  it  was  tben  alloweil  te  cool 
to  the  temperature  of  the  room  and  filtered  fnun  the  midissttlvetl  part,  fhe 
procem  of  nHrciiion  ofcuptjhiij  ftro  timjs.  The  undissolved  residue  was  again 
treated  with  fresh  gastric  extract  until  it  was  all  diLssolved,  which  occupied 
^  See  p.  838.  -  Luc,  cif.,  \k  171. 
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fifteen  hours.  After  filtration  the  fluid  was  neutralised,  and  the  neutralisation 
precipitate  se])arated.  This  precipitate  was  digested  anew  for  forty-eight 
hours  with  150  c.c.  of  strong  gastric  extract,  after  which  it  was  re-obtained  on 
neutralisation  not  sensibly  diminished  in  amount.  Dissolved  in  '75  per  cent. 
sodium  carbonate,  and  mixed  with  i)owerf ul  dialysed  pancreatic  extract,  it  gave 
no  clot  (see  "  Antialbumid  ")  when  kept  for  forty -eight  hours  at  40'' C,  and 
neutralisation  precipitated  only  a  part,  the  rest  being  converted  into  peptone. 
This  last  neutralisation  precipitate  showed  the  properties  of  antialbumid ; 
dissolved  in  sodium  carbonate  solution  of  1*8  per  cent,  it  was  clear  at  first,  but 
began  to  cloud  in  one  to  two  hours,  and  in  twenty-four  hours  about  half  had 
set  into  a  thick  clot  which  could  not  be  i)eptonised  completely  by  either  peptic 
or  tryptic  digestion.  The  various  pancreatic  solutions  separated  from  the 
neutralisation  precipitates  contained  only  peptone,  and  were  free  from  leucine 
and  tyrosine.     Tlie  antipeptone  here  obtained  contained  30  per  cent  of  ash. 

Of  tliese  three  anti-compounds  it  is  only  claimed  that  one,  anti- 
albumose,  is  a  [)ro(luct  of  natural  digestion ;  the  other  two,  antialbumid 
and  antialbuniate,  are  admittedly  products  of  acid  action  or  of  acid  and 
very  weak  ])eptic  solution,  which  amounts  to  the  same  thing, — and  the 
fact  that  tliey  cannot  be  converted  into  peptones  by  the  prolonged  and 
re])eatcd  action  of  pepsin  and  hydrochloric  acid  proves  that  they  are  not 
natural  ])ro(lucts  of  strong  pe})tic  digestion  in  which  no  such  inconvertible 
residue  is  formed.  Antialbumose  is  commonly  stated  to  be  convertible 
])y  prolon^^ed  pe])tic  digestion  into  pei)tone ;  but,  as  may  be  seen  from 
the  a])()ve  dcscrijjtion,  it  is  not  materially  altered  by  forty-eight  hours' 
diircstion  witli  a  strong  exti'act  of  gastric  mucous  meml)rane,  and  even 
witli  trypsin  a  consideralde  portion  is  left  unaltered,  betraying  all  the 
properties  (►!'  antial])umid.  Antialbumose  possesses  all  the  chemical 
j)ro])ertics  (»f  an  acid. albumin  and  none  of  those  of  the  albumose  class,  so 
that  its  name  is  a  misnomer;  no  such  substance  as  an  antialbumose  has 
aclually  been  isolated.  Antiall)umid,  antiallaimate,  and  antialbumose, 
to  ])la('c  th(Mu  in  tlie  order  (►f  their  solu])ility  and  facility  for  nnder- 
^oiiiLj  (icconiposiiion,  are  three  substances  all  of  wliich  are  remarkably 
rcsisi.-nil  to  Ixdli  ])C])iic  and  tryjjtic  digestion,  and  belong  nn^re  to  the  chiss 
of  acid  alluiiiiiiis  tlian  to  an}'  otlici'.  It  is  now  generally  recognised  that 
acid  alltuiiiiii  is  a  g<'neric  and  not  a  s]»ecilic  tciin,  and  it  is  t(>  be  li(>])ed 
thai  rouiii  will  soon  be  found  for  liiese  three  luxlies  in  this  class,  and  the 
tcniiiiioloL^y  of  digestion  left  a  little;  less  coni])licatcd  than  it  is  at  present. 
Il  lu.iy  l)c  ask(_Ml,  \\\\\  was  antialbumose,  if  it  is  not  a  natural  jiroduct 
of  ]M'].tic  digestion,  obtained  in  the  ab(»ve  cx]>erinient  '.  The  authors 
themselves  remark  on  the  close  resemblance  between  their  ]>ro(luct 
ami  Meissner's  ])ara])ei>tone.  The  latter  is  ])ro(luced  either  by  the  action 
of  dilute  acid  oi'  of  a  very  weak  ])e]»sin  solution  in  the  presence  of  acid. 
Now  foi-  two  (lays,  wliih*  iiltering  at  atmos])lieric  t(;m]>crature,  after  the 
fii'si  Ik.ui"  and  a  half  of  diirestion,  the  substance  was  under  exactly  the 
jtioper  cniidii  inns  foi"  the  jaoduction  of  ])ara])e]<tone.  Finally, no  ])roduet 
so  resistant  to  Ixuh  j.epsin  and  tiyjisin,  as  this  substance  is  shown  to  be 
by  the  alM.\('  dcscrijit ion,  is  formed  durinLi  uninteiTn}>ted  digestion. 

A  lint  III  r  iii<1j,i)'1  />>r  j>rrj>ariii']  ''  ((nfia/h>nin»v  .'^  -  Kiihnc  and  Chittenden^ 
also  ]ir<'])ai'<'d  antialbiniiosc  from  libriu  by  a  somewhat  similar  course  "f 
proc'C(iine,  exce})t  that  there  Avas  here  un  two  days'  delay  in  filtering,  since  the 
Jibrin   was  m(»re  (piifkly  dissolved.     There  is,  however,  an  objection  no  less 
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Five  humlred  grms,  of  unboiled  Ulniii,  squeezed  iis  dry  m^  possible  willi  tlie 
hand,  were  i»laced  at  room  temperature  for  twenty  four  hours  in  5  litres  of  0'2 
per  cent,  hydrochloric  acid  ;  the  mixture  w;ls  then  heat€d  to  37"  C,  and 
100  cnx  of  giistric  extract  afhled.  Solution  tuok  plaee  iu.^ide  an  hour,  after 
which  the  fluid  wa^s  filtered  throufrh  a  hair  j^ieve,  ili^^estion  8topi>e<l  by  neutral' 
isatiofi^  oud  the  rieutralisation  precipitate  tiltered  oil.  T\ih  precipitate  is  stilted 
to  be  essentially  antiall>umoiie.  It  was  long  washed  with  waler,  mi*l  fUd  nof 
ikem  dimolve  ea^it/  in  0*2  per  rent,  hf/ttrfjch/orft'  arid^  m  iras  heaicd  for  mme 
himnai  40*  C.  This  acid  solution  was  treated  with  lui  equal  vohune  of  strong 
gistlic  extract  m  0*2  per  cent,  hytirocldoric  aciil  for  forty -eight  hours^  wjain  a 
heavif  tteutralisaiioji  pret^jiitate  was  oljtaitied*  This  |»reci]ntatej  after  washing 
with  water  thoroughly  till  no  biuret  peptone  react  inn  was  given,  was  treated 
with  so^lium  airUnuite  solution  of  2 "5  jter  cenf,,  in  trhkh  if  tras  not  eamlt/  mhihlf\ 
and  the  solution  was  not  clear-  until  it  had  been  digested  for  forty-eight  liours  at 
48' C.  with  trypsin.  Even  then^  on  neutraH.sing,  a  preci]iitatc  behaving  like 
indalbumid  was  ohtaiiietL  Kedissolved  in  2*5  percent,  sodium  CLubonate  jiolu- 
tion,  and  redigested  with  trypsin,  it  was  again  precipitated  in  ckitlike  linker, 
«i*i  was  only  very  slowly  and  partially  converted  hy  repeated  tryptic  digestion. 

Here,  again,  there  h  no  guaiTiii tee, after  bfjutiiig  the  first  uentnilisation 
precipitate  for  some  boura  with  Q  2  per  cent.  bvdrncbhjriL"  acid  in  <inler 
to  dissolve  it,  tlutt  a  imLaral  digestion  product  reuiains  to  be  dealt  with 
in  the  subsequent  processes,  hi  additinn,  the  obstinate  resistatiee  of  the 
substance  to  both  peptic  and  iryjjtic  digestion  prnclaiius  it  a  i^ruduet  of 
experioieut-al  procedure, and  not  a  true  stage  in  natuial  or  uninterrupted 
digestion. 

Heniialbumose, — ^Kuhne  and  Chittenden  ^  also  (ditaincul  a  precipitatej  to 
which  they  gave  the  name  (>f  liemialbiHuose  ;  this  was  obtained  from  the  ]>ro- 
dacts  of  fractional  peptic  digestion  in  the  liltiate  after  the  removal  of  the 
fio-caUed  antialhtinioae  by  neutralisation.  This  ji Urate  was  confentrated  to  one- 
fOQfth  of  its  volume,  acidified  with  acetic  arid,  boiled  and  tiltered  from  a  scanty 
ooagaluniy  again  concentrated  and  precipitated  h\  the  addition  of  excess  of 
ftlcohoL  In  this  precijdtate  by  alcohol,  the  authors  recognised,  besides  peptones, 
two  forms  of  albumose,  soluble  and  insoluble  hemialbunu^se.  The  jarecipitate 
was  rubbed  up  witli  cold  w-at«"r,  until  the  wash  wat<T  no  Iniger  gave  the  biuret 
reaction.  A  part  of  the  allnimose  (solul>le  heniialliumosi)  went  into  s«dution, 
aecoin].ianied  by  all  the  |3eptoue,  a  part  remained  insrduhk'  (insolublr?  iienu- 
albiim<jt^).  The  latter  sub-^tance  w^as  not  ]>ure,  but  cnnt^iined  ii  jaoteid  sul>stance 
ijisfduble  in  i*  per  cent,  acetic  acid  and  in  sul|>bnric  arid  <»f  0  4  [i+'r  ct'tit.,  sriel 
with  difficulty  soluble  in  rlilute  caustic  soda  solution.  Tlic  *'  iusoluljle  hcuiialliu- 
mo^e ''  was  separat^-d  fn^ni  this  by  trruting  with  hulling  watei'.  Kmui  solution 
in  boiling  water  a  part  of  the  **  insoluble  hemiall>umose  "  was  [ireci[>itiited  as 
the  solution  cjjoled.  This  was  separated  ;  the  remainder  was  piecipitated  from 
the  cold  iK^lution  and  added  to  it.  The  *'sobilde  hemialbumose  "  was  obtained, 
free  from  it«  admixture  w^ith  jiejitone  in  tlie  cold  water  extract,  by  Salkowski'a 
method  of  >JoiIing  with  excess  of  .sodium  chloride  and  dilute  arctic  acid  so  as 
to  form  a  saturated  solution,  wa'^hiiig  the  precipitate  with  saturated  sodium 
chloride  solution,  dis,=K>lving  in  w^ater  and  illalysing  nrilil  the  dialysatc  gave 
no  reaction  for  cldorides  with  .silver  nitiate. 

Tliese  hernial bumoses  on  try]»tic  digestinn  yiehicd  leucitu.*  and  tyrosine 
abundantly,  but  couhl  not  be  eonipletely  luokt-rt  up  liy  sueb  digestion, 
a  variable  amount  of  peptone  being  always  left,  no  tnatter  how  juidonged 
the  digestion,  which  could  only  (on  the  cleavage  theory)  be  antipeptone, 
and  so  pointed  to  impurities  in  the  ft>rn)  of  aidi-ciunponnds  in  these 
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hemialbumoses  (        JtlicruiHe-  to  the  tnui -existence  of  de^vajc^  at  Lhe| 
albumose  stage  int     lioiHi  and  aiiti  groups).     Nmi%  when  tlieae  hemi- 
albumoses were  su  jet  ted  tu  more  i»ro]orrgetl  tligestion  yieliiing  hemi- 
peptone(?),  could  t.  is  suhstance  he  comiiletely  liruken  up  by  jjroloiiged| 
tryptic  digestion. 

Kiihne^  also  desc  ibed  as  hifmirtlhiiiDoae  a  stiliHtan^^c  occamnally  found  m\ 
the   urine  of  patienta  suHbrjiip;  from  o^?t€M>nuxlarm^  and    firat  dij'ruvered  by] 
Bence  Jones.     Much  has  been  nmdi?  tjf  lijf^  itiifiortaiice  of  this  rdhiunoso  by 
the  supporters  of  the  '^lea^age  theory,  but  th(*rL^  i,=i  no  more  eYidcnce  thiit  it  la  , 
a  pure  hemialbumose  than  there  ia  in  the  m.^e  of  the  ^^ubstances  described 
above;  that  is  to  say,  it  has  not  been  shown  tij  he  completely  broken  up  by 

tryptic  digestion,  and  th^^  ^*'  '^^  '  t^r'"  "'  *' ""^.ole  question.     The  faet  tliat  it  ' 

yields  leucine  and  tyroe  ^  t  has  not  been  experimentally 

shown  that  no  peptono  '  i  "itted  at:tion  of  trypsin  \\\XM\  iX^ 

Separation  of  thi  }nt   thr  **  hfmialbummf  **  jv/y- 

cipitate. — Stimulated  a  pure  hemialbuiJUise  which 

should  be  capable  of  n  limi  the  ]iopt<»ne  8tajjf*j  by 

trypsin,  and  encoumjii  enujdbunin.mi?  was  a  mixture, 

as  well  by  the  knowr  yKieally  tlilVcient  fnnn.s  (the 

soluble  and  insolubh  y  eerlJtin  int/fmstunt^ios  in  its 

behaviour  towards  so.  a  uv]  Chittendi'n  ^  st't  lu  wnrk 

again  upon  the  subje  A  lUvy  tlid  not  iimUi  at^liieve  their 

object,  ])roduce(l  a  rtiH(jarcii  v^hi  mother  tlu*  elonvage  theory  Htan<hi 

or  falls,  must,  from  the  exiierniioitiiji  ]Hvint  of  view,  always  remain  fif  the 
highest  value,  contajuin;^'  an  it  doen  the  first  hfiHiH  for  a  daasitication  of 
the  alhumoses,  the  first  light  tfint  upon  thv  relaticiUHhip  of  Ihi^  ehiss 
of  proteids. 

From  the  hemialhumnsc  <leseril)ed  in  their  ]nrviouB  ]>nper,  they  w^ere 
able  to  separate,  hy  the  aeti<ni  of  sudinm  chloride  under  various 
conditions,  four  sulwtaiiceK  with  the  frdlowing  prriperties : — 

1.  J^rofoalJufj/iosr, —  I'rcrijiiinled  by  saturatimi  with  i^udium  chhiride, 
soluble  in  cold  and  hf^L  w;itcr. 

2.  Hdcroalhnmosir — AIhm  ]a'eciiiiiated  hy  saturation  with  sodium 
chloride,  hut  insoluble  its  <  nld  mihI  in  br^Iliirj  ujtcr :  Hiluhle  in  dilute  and 
in  moderately  concentrated  saline  solution. 

.'i.  Dymlhunum. — The  same  as  heteroalbumose,  but  insoluble  in 
saline  solution.  This  solution  was  recognised  to  be  merely  a  more 
insolul)le  modification  of  heteroalbumose;  each  of  the  two  substances  is 
easily  convcrtilde  into  the  other.  Dysalbumose  corresponds  to  the 
"insoluble  albumose"  of  the  earlier  paper. 

4.  IkulnvdUnimcm  is  not  precii)itated  by  saturation  with  sodium 
chloride  alone,  Imt  is  precipitated  by  saturation  with  sodium  chloride  in 
the  ])rcscnce  of  acetic  acid,  and  is  soluble  in  water. 

Tliese  various  alliumoses  were  su])jected  to  tryptic  digestion,  and  it 
was  found  tliat  none  was  a  pure  liemialbumose, — all  yielded  more  or  less 
unconvcrlil)]c  ])c]>l(»ne  acconi])anie(l  by  leucine  and  tyrosine.  A  bigger 
yield  of  anii<]o-acids  was  obtained  from  protoalbumose  and  deutero- 
albuniose  than  fioni  lieteroal])uniose :  indeed,  the  latter  showed  itself  to 
be  more  an  anti-  tlian  a  henii-  body,  while  ]>rotoalbumose  yielded  very 
little  pe])tone  and  an  al)undance  of  amido-acids.     After  this  evidence 

'  Zt:<chr,  f.  niof.,  Miinclien,  1883,  Wd.  xix.  S.  209. 
-  fbu/..  1884.  !)<!.  XX.  S.  11. 
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Ite  term  hemialbumnae,  afi  applied  to  the  substance,  or  ratlier  mixture 
of  substances,  described  above,  oiigbt  tc»  bare  s]tce«Hly  dinappeared ; 
imforiunately  it  has  injt  yet  dune  t^o* 

S<3on  after  this  a  vahiable  aid  to  t!ie  study  uf  the  nllnnnoscs  was 
found  in  the  diseovery  of  Weiiz,*  that  satuiatiori  with  anMUKiuuiu 
sulphate  precipitated  all  allmnioses  fn>tn  solution,  while  the  iie]4i»ues 
remained  dissnlved.  Heynyius-  tirst  noticed  the  powerful  action  of 
ammonium  sulphate  as  a  proteid  precipitant,  luit  fell  into  error  in 
thinking  that  it  precipitated  peptones  aa  well  Jfore  careful  experiuientB 
by  Wenz,  in  Kiiline's  laboratory,  .showed  tliat  it  did  not  ]>reripitate 
peptones,  and  so  it  was  instituteil  as  a  nu^aim  i>f  S!']»araliujj:  albiiuiu^es 
imd  peptones.  The  statement,  Imwever.  that  saturatioTi  with  nruUKioiuin 
■iilphate  tcjtaily  precipitates^  allnnnoses  and  leaves  pe]itones  dissolved, 
mo.  only  be  made  with  a  cerliiin  reservation.  (Au'tain  proteid  Ruh- 
stanoee  remain  nnpreeipiUited  by  Biitnration  with  aniinoniuui  sulphate, 
and  tliese  may  convenlionally  be  labelled  i«ept<mes:  but  it  has  been 
shown*  that,  in  or<ler  to  ]»recnj)itate  oonijilelely  bodies  which  luul 
been  known  as  aUmnioses  before  tlie  introduction  c^f  niuuiuaiuni  sul- 
pbate,  it  \s  necessiiry  to  help  the  ainimniiuia  sulphate  by  sat  mating  in 
dilute  solution  and  with  varying  reaction.  If  these  bodies  liad  not 
been  classed  with  the  albumoses  beftue  Wtvn/.'s  tbV(*fivery,  they  wcadd 
proljably  now  be  peptones ;  s<>  cnnventioujd  aiul  artitieial  as  this  is  the 
proteid  clasaificatiou  with  wbirb  at  j»iesont  we  are  foret'd  tn  be  CMTitenL 
In  little  or  nothing  exeejit  uuiiopi>ilant  physical  difrcreuces  are  the 
albumoses  and  ])ept<ineH  distinct.  If  anmauiiuiu  sulphnle  did  not  oxist,  it 
would  l>e  difficult  to  say  \u)\\  to  draw  a  sharp  line  hetweon  I  hem  :*  both 
classes  of  bftdies  give  the  same  reaction  to  the  biuret  test,  and  hf*t)i  are 
diffusible,  thoiigh  the  albumoses  more  slowly  so  tliiui  tho  ]H^ptf>nps/' 

Separatum  of  allmvuiSfA  mid  jnjffoHtK — '11  a '  tV>ll<i\ving  is  the  nictlaid 
recommended  by  Kidme*^  for  se]>aratiug  albinijoses  frtuu  [»e]>tnnes: — 

Tlie  fluid  containing  the  products  of  digestion  is  fre4.Hl  fri>ia  albuminates 
and  coagulahle  proteids  in  the  UMial  manner,  an<l  tlieiv,  whi^h  .'^ujltrit^nt/i/  f/ihiU-d 
and  of  nearly  neutral  reaction,  is  Katunited  wliile  l"alinf(  witli  aaniinninm 
aulphate,  an<l  .s^'jmrated  on  eonling  from  the  cxeess  uf  salt  and  [ireei[>itated 
ilbuiDose.  The  solution  is  agiiin  lieated,  iual  after  it  euminenccs  tn  boil  it  is 
made  strongly  alkaline  by  the  ad-Htion  of  ammonia  nnd  amnjoniinn  earbonate, 
then  again  .'^tumted  witb  aniiaonimn  sul{jliat(%  ariel  ome  nmiv  aditwei]  to  i'uul, 
when  a  .second  preci|iitati<»n  of  albam<>se  and  exress  nf  salt  take.<  |>la<  e.  A 
third  time  heated,  notil  the  smell  nf  iimnmnia  ih.^npjKars,  it  is  onee  more 
aatarated  while  warm  ami  made  deridcdly  nvld  in  reai!Utni  by  tbt'  addition  of 
acetic  acid,  when,  en  cooling,  a  llord  and  last  pretipitatioa  of  albrnnf»se  lake.s 
|iUce,  and  the  filtered  iluid  isi  .'^uiiposed  to  eon  lain  nothing  piiitiMd  exn^pt 
peptone;  amphopeptonc  if  the  original  lluid  wiis  tbe  if>nli  c>f  f^^nstiir  digestion. 
The  albimioses  can  be  obtained  by  dialysis  and  ront-entrMlion  from  tbe  united 
precipitates. 

^Ztaehr.f,  Biol,,  Maticlicn,  1886.  lU.  x\'\l  S.  1. 

»  Arch./,  d.  QtA.  Pkif^iol.,  Bonn,  1SH4,  FSd.  xxxiv.  8.  ZW. 

*K«hne,  Ztachr,  f,  BioL,  MUnctjeu,  \hn,  13.1.  xxix, 

*For  a  dbcuKsioii  of  th!-!  |»oint  K<;*e  Prkflh  itin;.^.  Jteh,  f.  tJ.  tfts,  Phfj^iof.^  Il<'jm,  1880, 
Bd.  wii,  8.  185;  ISSl,  ltd,  xxvi.  S.  f.l5:  int^nuit.  Britr]  :.  frkwii^ch.  Mi^L  Frslsckr.  JL 
Tirtkov  .  .  .,  Berlin  ;  Zudir.  /.  Biol.^  JduiKhc-ii,  ISi*!,  IJd*  xxviii.  8.  lti>7  \  Neinueistcr, 
dttC,  S,  361  ;  Kiihue,  ibid.,  3.  ri7K 

•See  Kilhne,  Ziachr,  /,  BioL,  Mtnieliou,  1SI>2.  ?M,  xxi.v.  S.  20:  Cliittriiik^n  and 
AfD«niiAti,  ./oiim.  Physiol.,  Cambridge  and  London,  iNf'U,  vt>L  xiv,  p.  18'J, 
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The  iinipliopLj  i^  is  oblaLiTed  from  tbc  liitrnt-e  after  removal  of  the 
ammonium  milphate  by  conijilk-ated  methods,  coiisistuig  essentially  in  the 
removal  of  ainmoiiiui  sulphate  tm  far  as  po^ible  by  conoentratiuii  j  tMnlution 
of  the  anijihopcptuut  in  w«;ak  Rlcohol ;  removal  uf  as  miicli  animonium 
sulphate  from  the  weak  alcohol  aa  possible  by  a  freezing  mixture  ;  removal  of 
the  alcohol  by  distillation  ;  removal  of  the  last  portions  of  ammonium  i^ulphate 
by  boiling  with  barium  cnrbonnte  ;  removal  of  the  last  traces  of  barium  ^Its  by 
cautious  addition  of  lilute  sulphuric  acid;  and  finally,  precipitation  of  tlie 
amphopeptoue  bjr  exc*  sb  of  absolute  alcohol, 

Neumtidtr^  mdnod  f\yr  stporailju}  Ike  alhnmosrji  of  ptjfik  fluff^ion. 
— The  methotl  of  Xuhue  and  (Jhitteudeu  fnr  the  Heparatiiui  of  the 
various  albunioBes  has  been  ]»€rfected  by  KeuuitdBter/  who  has  in 
addition  proved  thafc  t  li  oiiiuhI  j^vnehroDouftly  in  the 

jDrocess  of  di^ut^tioii,  or  o  UMiulysis,  but  that  tliere  are  two 

stages  ill  tlit^.  |UT;cess,  ^  }io-  and  /u:^^^roalbuijioses  are 

forined,  %vhich  are  ml  t^n/  ulhiunoses ;  in  the  ^c^ md 

stage  each  of  these  ]  s  rijne  to  a  deuteroalbnmose, 

and  these  deuteroalb  ,  seauukiry  albunioi^es. 

Since  heleroalbun  >rot»Mdbuinofie  only  partially 

precipitated    l>y  gatir  tilnride  in    neutral  stdutioji, 

while  deuteruall>nmt  at   all,  it   is  easy»  from  a 

mixture  of  all   tlirm.  ..  a  solution  containing  only 

heteroalbunio.se  and  n  ^m  on  ilialyBiB  of  thii*  8ohilion 

heteroalbunioHo,  beinj^  itiKo.,....t5  i-ei%  iss  jnecipitated  alune»  leaving 

in  solution  only  pure  protoalbuijinne.  In  this  way  pure  jircito-  and 
heteroalbuinoses  Qm\  l>e  <»btained,  hut  the  ]nei»nration  of  pure  deutero- 
albumoHe  is  n^ft  quite  so  easy.  In  tlit*  Hltrate  from  saturation  with 
sodium  (fblt>rid(!  tht*re  is  not  mdy  deutLtruid]>urno8e  but  the  unpreeipitated 
residue  of  the  protoalbumose,  ami  on  ailding  acetic  acid  this  is  thrown 
out  along  with  the  deiiieroalbuniose.  Huwever.  a  loo|>hole  m  left  in  the 
fact  that  Just  as  saturation  in  iieutml  ^(dution  does  not  pim*ipiUite  all 
the  protoalbumosD,  ho  saturation  In  ncitl  solutioii  does  not  preeipiitate  all 
the  deutennilbmnoBe.  Neumt*iwter  took  adviiidage  of  tliis,  sacrificed 
the  first:  pthrrfi^n  rif  dt'iitorffcnJliiMiiitSf  fbrown  out  bv  the  acetic  ncid, 
accom})anie(l  I  )y  the  last  portions  of  protoalbumose,  and  then  precipitated' 
the  fraction  of  deuteroalbiimose  left  alone  in  solution  by  saturation  with 
amm(jniuMi  sulphate. 

Kiihne  and  Chittenden  had  already  got  round  this  difficulty  of  isolating 
deuteroalbumose  by  treating  a  dried  mixture  of  the  albumoses,  such  as  is  found 
in  AVitte'.s  ])cptone,  with  neutral  and  saturated  solution  of  sodium  chloride. 
Here  the  deuteroalbumose  only  passes  into  solution.  Although  the  proto- 
albumose would  only  be  partially  thrown  out  of  solution  by  saturating  with 
sodium  chl«»ri(le,  yet  it  has  not  the  power  when  dry  to  pass  into  solution 
in  sucli  a  s(;lvent.  \Vitte\s  peptone  is,  however,  a  variable  mixture,  and 
Xeumeister,  working  with  other  samples,  was  unable  to  reobtain  Kiihne  and 
Chittenden's  result ;  it  may  be  that  they  were  working  with  a  sample 
containing  little  or  no  protoalbumose. 

Xeumei.ster  cIVects  the  separation  as  follows: — 

The  faintly  acid  solution  is  saturated  with  ammonium  sulphate,  and  so 
separated  fr«»m  peptones.  The  jn-ecipitate  is  dissolved  by  the  addition  of 
water,  separated  from  the  excess  of  the  salt  by  dialysis,  and  then  the  neutral 

1  ZtsrJn'.f.  Biol,  Miinchcn,  1887,  Bd.  xxiii.  S.  3S1  ;  ibid.,  1888,  Bd.  xxiv.  S.  267  ;  ibid.. 
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iolution  is  pirecipitatetl  hy  snturatioii  with  sodium  chIori<le,  so  tlirtiwing  mit 
ail  the  heteri)filhimiosc  aiiil  i«irt  of  the  pn>t<>tilbuinf>?;e  wliitli  arc  fieparated 
by  dialyji^is.  In  the  tiltrate  frum  saturation  with  soiiiuin  cliluiide  in  neutral 
eolation  are  the  reniainiler  of  the  protoalbimio.si?  and  the  wliolo  of  the  deutt^ro- 
albujno«e ;  to  t!iis,  acetic  aeiii  RoUitiou,  which  has  f>een  saturated  with  K^Mlium 
cJiloride,  is  added,  till  a  tsimdl  portion  tihered  tlirough  a  dry  filter  paper  no 
lan^r  gives  a  precipitat-e  with  copper  sulphate  solution.^  The  mixed  pre- 
cipitate of  pntto-  and  r/erife?"fmlhuinosci-  is  now  filtered  off,  and  dcuterrfalbumose 
u  isolated  from  the  fiUrate  hy  neutralising,  dialysing  oil"  the  Rodiuni  chloride, 
and  precipitatinj:?  hy  saturating  with  ammonium  sulphate,  or  by  adding'  excess 
of  ftlcohoL 

This  method  of  separatmg  the  albunioBes  ujay  be  wliowii  scheiiiatic4illy 

thus: — 

Mixed  ALiu:>rosHi^ 
(saturated  willi  sodiarn  chloriik  in  neutral  ,*olution)  give 

f  '^  i 

Heteroalbumosc?  and  Protoalljiimrtse  Protoalbumosi-  and  Deuteroallmmoso 
<Preafntat« ),  (Kiltrat**). 

On  diAljsiSi  tbe  4ciliitioR  of  tlte^i;  two  Ou  ml<liiix  liet'tic  acid  in  ^ntirrati'd  !»odiiim 
gives  dilrmilt:,  tliU  solution  j-dve^ 

I  I 


I  I  _        I 

eroodt) 


Hctemubninoati        ProtoaU^umose                     ProtoalViinna«?e  ami  Dfnt»^roall»uiiioj4e 

(Preeipttat«)i                (.Solution).                            r>fnlfcri^allmmn>*i'  (dialvHi^rl  ami  pre- 

(uot  furtlK  r  trtatnl)  i  ipiUttiil  liy  alcohnl) 

( V ree i  j i i Uite ).  { i;  i  1  Ira ti"). 

Neumeist^r  alsu  tested  the  action  of  hydroly.sing  agent.s  on  ymviprofo-  and 
fctf/eroalhumoses  f»rej*ared  as  has  juj?t  been  described.  He  showed  that  boiling 
for  three <iuarters  of  an  hour  with  5  [ter  cent,  sulphuiie  acid  was  snlfieient 
to  courert  protoalbumose  into  deuteroalbnniose  accompanied  by  tioine  jieptone. 
This  was  shown  by  tbe  aljsenee  of  tnibidity  on  dialysis  after  neutralising 
(absence  of  heteroalliumo.se),  hy  saturation  in  neutrul  suhition  with  nodium 
chloride  causing  no  jjrecipitate  {abstnce  of  protoalbumost-),  an<l  by  t>reeitatiition 
occurring  on  making  the  saturated  sulntion  in  sodium  c}iloridc  aritl  with  acetic 
acid  (presence  of  deuteroalbumose).  In  a  similar  fasbifsn  the  t-onversion  of 
hetcroalbumose  into  denteroalhumose,  by  boiling  with  acid,  was  demonstrated  ; 
here  a  considerable  formation  of  antialbnmid  was  r deserved  duriutr  tlie  jiroeess. 
On  peptic  digestion  profo-  and  /fe/f>?'oalhumose  each  yiehled  a  tleuteroalbunmse, 
but  they  behaved  difl'erently  tow^ards  trypsin.  In  the  case  of  heteroalhumose, 
&  specific  point  could  easily  be  determined,  in  the  course  of  digestion  with 
tTT|:«iu  in  0'2  per  cent,  sodium  carbonate  solution,  when,  in  the  presence  of  a 
conf^idemble  quantity  of  jieidonc,  only  dcutcroalbumose  was  t»resiiit ;  on  the 
otlier  hand,  deuteroalbumose  could  not  be  olitaiiied  in  lar^e  cpiiintity  hy  the 
acticfQ  of  trypsin  on  protoalhumose ;  tlie  prrfducts  nbtaiued  were  chiefly  aiuido- 
mcids  accompanied  by  a  little  peptone,  this  Ijeing  probably  due  to  the  ease 
with  which  the  deuteroalbumose  formed  from  prot<>alliumuse  nndergocs  ibn-um- 
poeition. 

Neumeistcr  confirms  the  results  al>tained  by  Kiihne  and  CI i i tt end ru,  that 
heteroalbnmo«e  is  princiiially  an  antialbumose,  hut  has  sume  hemialliumose 
mixed  with  it,  while  the  composition  of  protoalhumose  is  the  exact  reverse, 
it  being  e.«5sentially  a  hemialbumosej  always  accompanied,  however,  by  some 
antialbumose.  The  yield  of  untdtcrahle  [leptone  was,  liowcver,  so  small  in 
i^iine  exp»eTiments  as  to  induce  Neumeister  to  believe  that  jierfictly  pure  jiroto- 
all>umose  wouhl  contain  only  hemi  groti[>s,  or,  in  other  wurds^  he  couiphtcly 
convertible   by   tryptic   digestion    into   amido-acids.      The    dmiteroalbumose 

'  TKis  is*  raurh  more  ddimte  teijt  for  proton ihuniosn*  (givcti  hy  1  tti  r700()}  tlian  acetic 
moAl  and  satumted  Dodiom  chhiride  solution  (1  in  2000). 
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formed  from  prok^  mom  and  thdt  from  hetoroalhimiofe©  are  (Ibtinet  tiodi^, ' 
being  distingiiishea  »y  tht^  fiict  that  the  deiitero-compouiid  fornjed  from  1 
protoalbumose  is  to  fc  )me  extent  sohiblc  in  saturated  sohition  of  atumoniniii  \ 
sulphate.^ 

Starting  with  fibrin,  and  fomiing  alhumoses  froiji  it  both  by  the 
action  of  acids  ami  >y  peptic  digestiou,  Xennieis^t^r  aLso  showed  that  in 
order  of  time  pruia-  uml  Ar'^^'n/ulbuiijuHa^  lirst  appean^d^  to  \m  foUowed 
later  in  the  procoBs   ly  deHtemMnuni^^i}. 

Fibrin  was  b^nkil  fur  three-qiiartera  of  an  innir  with  1  per  cmxL 
sulphuric  acid,  after  whidi  tht>  fluid  wan  neutnihi^ed,  and  the  BLHitmlisa- 
tion  precipitate  ri'inttv^id.  In  tht*  HltmtB  hutli  prnto-  and  lic443ninlbu- 
moses  were  found,  hut  nr.*,  n  fn*'**^  "♦'  'hMiiiiiuallnnnniie ;  tho  latter  first 

li;  L  crnitinoauee  of  the  prtKrc^a 

J  Jietero-coni]w:mnd.s  ro  as  to  Ije 


appeared  after  some  In 
increased  at  tlie  expeij 
present  finally  in  jirep 
In  accordanco  wi 
the  peptic  digest  inn  \ 
ing  scheme,  in  wfiieh 
dark  line,  while  itH  i 
line : — 


Hemt^*mtq>H 


Keumeister^  considers  that 
IS  represented  iji  the  fnllow- 
'  any  gi'oup  is  shown  by  a 
itity  is  signified  by  a  light 


Proton  ^^i^Lmo!!«e 
(Aiiiph(  •;L!iiMi.,iifiMi'} 

Deiiterfjii)l)nmO!*<i? 

(Ainpho.-iUmMH^siiO 


HotemnJ  burnout' 
(Am^hoalbiirii^ciwii) 


AuUtiiliumidi 


Ainpli 


puoi>ejiloiie 


imphoalbiirii^ciwii)  I 

I     1  I 

FX'ii  t4!T*  ml  hi  1  m  n  ho  Dent  c  ronlDunjOM 

(AuiplHiAJtmtiiONr)  (AuttiiltiiiiuuiMr) 

Ampliopt'ptoiK'  Anlit>«*ptoiK' 


Tryptic  Diokstion  ok  Fkotkids, 

The  jnoteolytic  action  of  the  pancreatic  juice  has  not  been  known 
for  nearly  so  long  a  period  as  that  of  the  gastric  juice;  it  was  first 
cleaily  proelainied  by  Corvisart^  in  1857,  although  this  author  refers  to 
an  earlier  statement,  by  Purkinje  and  Pappenheim  hi  1836,  that  extracts 
of  i)aii('reas  possess  a  dissolving  action  on  proteids. 

Claude  Bernard  "*  knew  that  pancreatic  juice  in  the  presence  of  bile 
had  the  ])Ower  of  dissolving  proteids,  but  stated  that  when  alone  it 
had  no  sueh  action,  unless  the  proteid  matter  had  previously  been  sub- 
jected to  the  action  of  bile.  This  error  was  removed  by  Corvisart,  who 
clearly  ]aoved  that  pancreatic  juice  alone  at  the   temperature  of   the 


'  ZUchr.f.  /;;o/.,  MiiiKben.  1888,  B.l.  xxiv.  S.  267. 

-  JhuL,  Munclirii,  l^s?,  Hd.  xxiii.  S.  381.  See  also  X<'UTnoi.stcr,  ''Ivehrbuch  der 
j)ljysioIo;;is(hcn  ('licuiic/'  Jtiia,  wlitiv  Noumii.ster  cunchidcs :  —  "The  expression 
heiiiijteptonf  lias,  according  to  this  rcprt'sentation,  only  a  theoretical  meaning,  and  the 
term  hemialVininose  corresponds  to  older  notions  and  ought  to  he  allowed  gradually  to 
disappear  from  tlie  text-hooks." 

"  "Collection  (If  iiiemoires  sur  une  ionction  jieu  connuc  du  pancreas,  la  digestion  des 
aliments  a/(»tes,"  Paris,  lSf)7. 

^  "  Lerf»n9  de  physioK>gie  experimentale,''  1S5G,  tome  ii.  p.  440. 
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bodj  has  a  powerful  digestive  action  on  proteifls  in  tluids  of  either 
alkaline,  aeid  or  neutral  reaction.  In  atMitinn,  he  slewed  tlcit  infusions 
of  the  fre^h  glantl  piaseftB  a  similar  action,  that  the  aetivc  material 
is  precipitateil  hy  exeesa  of  alcohol  and  is  (liHsulveil  again  on  the 
addition  of  water  to  the  precipitate,  anil  that  tlie  activity  of  extracts 
of  the  gland  depends  on  the  time  after  a  me^i!  at  which  the  animal 
is  killed,  Ijeing  most  at-tive  wlien  a  gland  is  extracted  that  lias  been 
obtained  from  an  auiujal  killed  wix  t<i  nine  Imurs  after  a  f\dl  meal. 
Corvisart  also  showed  that  the  {*rnteiils  arc  not  iiierely  tli^solvcil,  hut 
ocmTerted  into  suhstHtinces  jxif^se^sing  tlie  same  general  chameters  aa 
iboee  formed  in  peptic  digestion. 

These  important  results  were  deuieil  at  first  \\y  Rome  ol>servers,  who 
failetl  for  some  re^isrui  to  obtain  them  mi  relocating  (nrvisart's  experi- 
ment'^, but  were  in  the  entl  abundrtntly  cnnliiiued  Ijy  the  reKearclics  of 
Meissner/  Dauilewsky,-  and  Kiihne,^  and  are  now  uni versed ly  accepted. 

Kiihne*  not  only  continued  the  results  of  (Vivvistut,  luit  maile  an 
imi>ortant  advance,  hy  showing  that  pmereatie  juice  owes  its  action  to 
an  enzyme,  t<i  which  he  gave  tlie  name  of  trypsin.  lie  next  showetl 
that,  altliongh  try|>sin  is  preei|akited  \\y  excess  of  salicylic  acid,  smaller 
quantities  of  that  sulistatice  do  not  stop  the  aettou  of  the  enzyme, 
while  they  do,  as  showTi  hy  Kolbc,  stop  the  growth  i>f  organisms, 
especially  tliose  concerned  in  iiutrefartion.  Until  this  was  ascertained ^ 
digestion  experiments  with  pancreatic  juice  weic  cnmplicated  l>y  the 
putrefactive  changes  by  whicli  digestion  was  acct>nipanied,  for,  wliile 
trypsin  acts  in  a  neutral  and  even  in  a  faintly  acid  medium,  its  action 
is  ^p] led  and  the  ferment  gradually  destroyed  in  a  meihiim  suliiciently 
acid  to  stop  the  growtli  of  hai'teria  hy  virtue  of  its  acidity  idone,  so  that 
no  one  had  heen  able  to  carry  mit  prnlunged  cx|>crimei]ts  on  jiancreatic 
digestion  without  the  acciuM]>animent  *»f  putrefaction.  For  this  reason 
it  wjis  unknown  w^hetlier  eertaiu  substances  wliieb  a]»pear  towards  tlie 
enil  of  the  digestion  were  reiilly  due  to  the  aetion  of  th*»  enzpiie  or 
were  products  of  the  ]»utrefaction.  Kiihoc  was  tlie  first  to  cany  out 
iintideptie  digestion,  and  to  show  tluit  these  sul^stauces  are  really  formed 
by  the  agency  rif  the  tr\qisin  ;  he  also  ]>erfee{t'd  a  method  of  freeing 
solutions  of  the  enzyme  from  the  products  of  proteiil  cligestiou,  resulting 
either  from  the  self-digeRtion  of  the  gland  in  the  iin-j^fnation  u{  t!ie 
e3Ctracts  or  otherwi.se,  thus  clearing  l!ie  way  for  a  study  of  the  variiuis 
products  formed  by  the  action  of  trypsin  i\\\  protcids. 

Instead  of  |trepiring  a  ]mritied  sfflutiiMi  of  lry]»slu,  wbiVh  is  a 
rather  tronblesouic  ]uncess,  the  ]M>wer  j)os,scsscd  hy  Hbrin  of  absorbing 
the  fennent,  as  described  in  tlie  cast*  of  ]»cjili<^  digewtiou,  raay  be 
atilisett  here  also;  but  if  the  digestitm  of  roiiguhitcd  jn'otcids  is  to  lie 
observed,  a  purified  sohitiou  of  trypsin  must  be  first  {aepared;^ 

Tlie  first  action  of  trypsin  seems  to  be  a  sim|ilc  solutiiui  of  the 
proteid  which  is  tnulergoiug  digcstiotL  This  ellert  is  most  cnsily  oliscrvcd 
if  fibnn  is  the  la^otei*!  undergoing  digestion,  when  the  eojignlablc  ]>n>tcid 
present  in  the  solution,  just  before  tb**  fibrin  is  (vnnplctidy  dissolveil,  has 

'  ZtMthr.f.roi.  Med.,  1850,  Dritte  IMh-s  VA.  vii.  S.  1. 

*  r»#rAo«T*ji  AreJtiv,  1862,  UA.  xxv.  S.  279. 
^lUd.,  1867,  \V\.  xxxix.  S.  130. 

*  Verkandl.  d,  mUurh.vial  Fer,  :ff  HrlfHhrnf,  1S77,  N,  K,  IM.  i,  S,  233. 

•8e«  Heumeiflter,  *' Lelirbuch  der  i«hysiolM;iiMr]iin  f/Ii^'siiir,''  -Tniij,  1893,  S.  ]J>8: 
K,  Mftnn,  "Uebcr  db  Ahiwjqitioii  der  proteulytiHthcii  Kii^^Tiit:  dun-h  tli<'  EiwoiKskilrpr," 
Dia.,  Wurzburg,  1892,  S.  2.S, 
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the  pro])ertie8  of  a  globulin,  but  iu  the  case  of  serum  albumin  no  such 
formation  of  a  globulin  takes  place.^  If  the  proteid  employed  has 
previously  been  coagulated,  no  formation  of  a  coagulable  proteid  is 
obseived,  tlie  first  product  being  apparently  deuteroalbumose.^ 

The  appearances  presented  by  proteid  undergoing  solution  by  the 
action  of  ])epsin  and  of  trypsin  respectively,  are  characteristically 
ditierent.  In  tlie  case  of  pepsin  and  hydrochloric  acid,  the  proteid 
swells  up,  becomes  transparent  or  translucent,  and  givadually  dissolves; 
wliile,  by  the  action  of  trypsin  in  alkaline  solutions,  the  proteid  does  not 
swell  up  or  become  clearer,  but  is  attacked  and  eroded  from  the  outside. 

After  l)eing  dissolved,  the  proteid  is  further  attacked  by  the  trypsin 
and  decomposed  into  varioiLS  products,  the  final  result  being  a  certain 
amount  of  peptone  wliich  is  not  further  acted  on,  accompanied  by 
vai'ious  nitrojTjenous  bodies,  of  w^hicli  those  occurring  in  largest  quantity 
are  two  amido-acids,  leucine  and  tyrosine. 

Tlie  ])rimary  albumoses  of  peptic  digestion  are  not  found  among  the 
intermediate  products  of  tryptic  digestion.  No  matter  at  what  stage 
digestion  is  interrupted,  no  trace  of  either  i)roto-  or  heteroalbimiose  is 
found  ;  the  only  albumose  present  is  deuteroalbumose.^ 

Xeiimoistcr  suggests  that  this  may  be  due  to  the  pro  teal  bumose  being 
brokon  uj)  as  rai)i(lly  as  it  is  formed  into  amido-acids,  while  the  heteroalbumose 
is  immediately  converted  into  deuteroalbumose.  Be  this  as  it  may,  the 
experimental  fact  is,  that  neither  protoalbumose  nor  heteroalbumose  are 
found  at  any  stage  of  tryptic  digestion. 

According  to  Xeumeister,  the  deuteroalbumose  present  is  an  anti-compound 
not  yielding  any  ami<lo-acids  when  subjected  to  the  further  action  of  trypsin. "♦ 

re])t<)ne  is  formed  much  more  rapidly  in  tryptic  than  in  pej>tie 
digestion,  the  preliminary  stages  being  apparently  rushed  through;  wliile 
in  ])Optic  digestion  sciircely  any  peptone  is  formed  before  complete 
conversion  into  albumoses  has  taken  place,  and  complete  peptonisation 
never  occurs. 

The  most  essential  difterence  between  the  digestive  action  of  trypsin 
and  thai  (tf  }»e])sin  lies  in  the  discovery  of  KiUine,  that  the  action  of 
the  former  (Mi/yme  does  not  cease  with  the  formation  of  peptone,  but 
that  a]»pro.\imately  one-half  of  the  proteid,  or  of  the  pei)tone  formed 
from  it,  is  con  vented  into  a  nund^er  of  cystaUine  substances  of  much 
sini])ler  coin])osition. 

Not  only  does  this  take  place  in  the  direct  tryptic  digestion  of  ju'oteids, 
but  if  ])e])toiie  formed  by  peptic  digestion  be  submitted  to  trj^j^tic 
iliiicstion,  about  (nn^-half  of  it  is  decomposed  in  the  above  fashion.  This 
e\])eiini<Mit  led  KiUine  to  the  cleavage  theory,  and  to  naming,  (»n  the 
h.isis  of  this  theory,  the  ])(i])tone  of  ])e]>tic  digestion,  rf //?^)///>pei)t(>ne :  the 
])e})toiie  rein;iiiiinLr  ;ifter  the  conijdetion  of  try])tic  digestion,  an<l  which 
is  no  longer  allected  l)y  renewed  digesti(»n,  ^//-f//"])e])tone :  and  thai 
liy}>ot helical  suh.Ntaiice  which  is  su}»posed  to  form  one  moiety  of  the 
am}>lio].e]>tone,   ;nid     Ix*    broken     u])    by    the    action    of    the    tryi)sin, 

'  X.iiiii.  i^t- r.  Zlsrhr.  f.  r,l<>].,  Muiicli.-u.  iss;.  p,,!.  wiii.  S.  ;;:»s  ;  lh'\d.^  iS'.tO,  lid.  xwii. 
S.  :M  1  :    H.ini:;iini.  /t'<<:f,r.  /.  jtlnisii}}.  ^7-w//.,  Sn\isslMn>r,  i.s87,  Bd.  xi.  S.  .'.21. 

-  Wlicn  tiyi'-iii  a  •l>  in  ;iii  alkaline  iii'<liuiii.  alkali  alluuiiiii  is  first  foriu(»(l  ;  but  tliis  i.>  a 
very  tiai)-i(  lit  -tau'"'.  tli''  alkali  all>uiuiii  Ix-iii^  qunkly  <'liaii;,'(Mi  into  (|(MU('I•oa^•UI^o^^^ 

"•' OU'.,   Zl^rhr     f.    i>h.is'f,/.    f'l„',u.,    Strasslnu-;^,   l>s3.    IM.    viii.    S.    121);    Neuineistcr. 

yU-.'l.r      /•      /.•;,,/         \Tn.,,)...T,       IssT       1>,1       win-      .<      '{U^ 
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jkflttpeptone.  It  will  he  aeea  from  this  that  the  ten  11  hemipeptone  is 
11  t«rm  for  sometltiiig  wliicli  ha.s  \\  scpirate  exiatence  only  in  theory. 
Ttiere  has  as  yet  heeti  no  metliu<l  cither  devised  or  falk-n  upcm  hy 
aeeident  of  sefmratiiig  these  two  BuhHtaiices  whfeh  are  supposed  by  the 
cleavage  theory  to  be  present,  mixed  in  ecpml  proportions,  in  iimpho- 
peptone.  This  in  somewfiat  remarkalde,  111  view  kA  the  ninaber  t>f  years 
the  theory  \\\sa  now  lieen  in  %'o<4ue,  and  tht-^  hir^e  anioiuit  t>f  experimental 
work  that  has  been  e^irried  ont  in  eonnection  with  it,  and  oii«rlit  to  be 
kxiked  upon  a^  an  indication,  either  that  ampho]ieptoTie  is  not  really 
a  mixture  of  antipeptone  with  a  hy])ntlietieal  hemipeptone,  Imt  a 
substance  callable  of  breaking  up  under  tfie  aetiiai  of  trypsin  into  a  new 
peptone  (antipeptone)  and  a  nund>er  of  amido-eompounils;  or  that  anti- 
and  hemipeptijnes  are  not  seiiaratidy  present  in  aniiihiipe])tone,  tait  that 
thk  peptone  breaks  up  upon  the  further  aetinn  nf  tryjisin  into  anti])e]>tone 
and  hemi peptone,  and  that  this  hypothetical  liemi peptone  is  next  acted 
«|^Hiii  and  broken  into  simpler  bodies.  Hnally  yieldinj^  leucine,  tyrosine, 
and  the  other  eomjwinions  of  antipeptone  bamil  in  complete  tryptic 
digestioTL 

The    decomposition    of    ]>ruteids     by    trypsin    is     represented     by 
Neunieifiter  ^  according  to  tlu^  follnwin)^  seliema: — 

De  Q  teroal  buinoao 

I 
Amphopiiti:»iie 


pi- 


Antipef>tot)c  Heiuipoptone 


II  I         ,,      I 

Leucine       Tyrosine       A.s[«irtir  Aiiit         Tryiitoplwn,  etc. 

Aoootding  to  the  same  autlior,  several  lU'utoriHiIbuuioses  arr  formed,  in  the 
of  tryptic  digestion,  yielding  corresimnding  ainphojio|itt>ue.s-  He  als^o 
that  all  the  alhumosea  up  tu  tli«  present  knovvii,  whether  formed  in 
peptic  or  tryptic  digestion^  an?  ani|«linalbuninses,-^thjit  is  to  say,  yield  both 
antipeptone  and  amido-aeid?^  on  cnmplote  tryjitic  digestion.  The  ratio  between 
the  amounUs  of  antipc(4orie  and  of  iiinido-aciiU  is  a  very  vjuitible  one  j 
heteroalbumose,  for  examjile,  yielding  much  niiti[ieptone  an<l  little  amiilo-aeid, 
while  protoalhuaiuse.  breaks  up  into  uiufli  aanilo  aiaM  and  vory  little  anti- 
pept-me.  Thi>se  who  hold  tha  eleuv'^aj^e  Llieory  explain  this  Ity  ,<aying  that 
heterualbumose  \^  to  a  large  extent  an  aiitisulistimte^  ami  p^ot<^^llbu^lo?^e 
almost  purely  a  hemi-suUslaiire ;  but  tlie  expeiinicnlnl  faet8  may  lie  met 
equally  well  by  the  HtateJiient,  that  heteroalbunjose  is  an  albntnoi^e  uf  ^w\\\  a 
chemical  nature  that  it  hreakni  Tip  under  the  at^tion  of  tryj^siji  ?o  as  to  yield  a 
krj(e  percentage  of  peptone  uuidterahle  by  furtlier  action  of  trypsin,  aeeom- 
panietl  by  a  small  amount  of  amido-aeiLls ;  protoalbumose  is  an  albumose 
different  in  nature  from  licteroalbumoso,  am!  yielding,  tm  further  tryptic 
digestion,  very  little  peptone  (antipeptone)  and  a  large  amount  of  the  anudo- 
acids*  There  is  no  more  ja'oof  that  eitlifvr  heteroalhuniose  or  piotoahnuaa^e  is 
*uch  a  mixture  of  alhumoses  as  the  (deavage  theory  demands,  tliari  then^  13 
that  omphopeptone  is  tsnch  a  mixture  of  the  efurespimdiug  |>e|jlon<'s. 

All  the  observed  facts  of  puptie.  and  tryptie  digestion  may  bo  simply 
represented   by   the   following   selujina,  witliont  any  referencL*   tu   tlie 
»  **Lehrbucli  der  jiliysiologisclieri  Chen]]* ,"  Jena,  Ih'ja,  Th.  1,  S,  200. 
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cleavage  or  any  other  theory,  save  in  the  names  of  such  of  the  substances 
as  have  been  named  on  a  theoretical  basis : — 

Peptic  Digestion.  Tbyptic  Digestion. 

Proteid.  Proteid, 

I  I 

Acid  Albumin  Alkali  Albumin 

I  I 


Protoalbuniose  Heteroalbumose 


Deuteroalbumose 

I 
Antipeptone,  amido-acids,  etc. 


Deu  t  (Jioal  bumose 

I 

Anipliopoptone. 


In  the  above  accoimt  of  the  intermediate  products  formed  between 
proteid  and  peptone,  an  attempt  has  been  made  to  point  out  how  far 
each  iin])ortant  experimental  result  is  in  agreement  with,  or  lends  support 
to,  the  cleavage  theory  of  proteid  digestion.  Most  of  the  results  have 
been  obtained  by  supporters  of  that  theory,  but  these  results  fall  far 
short  of  proving  the  truth  of  the  theory,  and  may  be  explained  without 
reference  to  anti-  and  hemi-bodies.  The  main  points  may  here  be 
summarised : — 

1.  Certain  substances  have  been  obtained  by  the  action  of  dilute  acids  on 
proteids,  which  do  not  yield  ainido-acids  when  subjected  to  prolonged  tryptic 
digestion ;  these  substances  have  been  on  this  account  looked  upon  as  pure 
anti-compounds.  But  there  is  no  evidence  that  such  substances  are  formed 
naturally  in  cither  peptic  or  tryptic  digestion :  there  is  evidence  against  it  in 
the  extreme  diiliculty  with  which  they  are  attacked  either  by  pepsin  or 
tryi)>^in.  Xeithcr  are  these  substances  in  their  chemical  behaviour  albumoses, 
so  that  the  term  antialbumose,  as  applied  to  any  of  them,  is  a  misnomer. 

2.  The  substance  originally  obtained  from  a  fractionated  peptic  digestion, 
and  named  h(.'mialbumose,  was  afterwards  shown  by  it.s  discoverers  to  be  a 
mixture  of  three  bodies, — protoalbuniose,  heteroalbumose,  and  deuteroalbumose, 
— an<l  none  of  these  three  discrete  bodies  was  found  to  be  either  a  pure  hemi- 
albumose  or  pure  antialbumose,  so  that,  if  the  cleavage  theory  is  to  be  main- 
tained, w<'  must  be  content  to  bi^lieve  that  each  of  these  three  is  a  mixture 
in  varyint^'  pn)])()rti(jns  of  anti-  and  hemi-groui)s,  and  admit  the  existence  of 
antipnttoalbumo-e  and  hemiprotoalbumose,  of  antiheteroalbumose  and  hemi- 
heteroalbuiUDSc,  of  autidcmteroalbumose  and  hemideuteroalbumose,  without 
any  ex[)erimcntal  evidence  whatever.  Again,  the  cleavage  theory  takes  no 
account  of  tbe  fact  that  pyofo-  and  //^/c^roalbumose  are  formed  prior  to  the 
deuteroalbumose. 

3.  Ampbojieptone  is  suj)posed  to  be  a  mixture  in  al)out  equal  proportions 
of  anti]>cpt(»nt'  and  hemii»eptone  ;  but  these  two  bodies  liave  ncn'er  been  isolatetl 
from  it.  Antipeptone  can  only  be  obtained  from  amphoj)eptone  by  the  action 
of  try[tsin,  and  hemiiiejitone  has  never  ])een  ol)taincd  at  all. 

4.  Tlieie  is  no  dou])t  that  some  forms  of  protei<ls,  or  altered  prot<}ids,  are 
more  easily  dt'composed  by  trypsin,  yielding'  amido-acids,  tban  are  others;  but 
this  does  not  prove  that  such  l)odies  are  variable  mixtures  of  a  fraction  which 
is  not  decompnsable  at  all  with  one  wliicb  is  completely  decomposable.  When 
from  an  amjdio-body  there  have  been  isolated  two  fractions,  one  a  pure  anti- 
body tliat  is  completely  unalteralile  by  tryjjsin,  tbe  other  a  j)ure  hemi-bo<ly 
that  is  completely  decomposable  into  amido-aci<ls  by  tryj)sin,  then  it  will  be 
time  to  ]>elieve  in  amplio-,  anti-,  and  hemi-bodies.  At  present  neither  from 
ampb<;)i>eptone,  [trotoalbumose,  heteroalbumose,  or  deuteroalbiuuose  has  there 
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been  such  a  separation,  even  partially,  achieved,  although  these  are  admitted 
to  be  ampho-bodies  by  the  supporters  of  tlie  theory. 

But  if  the  cleavage  thoory  be  in)t  accepted,  wlmt  explanation  is  there 
for  the  fact  that  ilfiTerent  albumoses  }ield  vaiying  aceoimts  of  aiiiido- 
a4?id5»  which  suffer  varying  amounts  rd'  decomjiosition,  under  the  action 
uf  tryj»sin  ? 

The  dilferent  proteids,  and  the  products  denvf^l  from  tliein,  dilier  so 
little  in  ehemiail  coin|Kisition  (and  this  is  €S]icciaily  true  for  the  various 
albunioses),  that  the  ditterence  in  their  nature  is  probably  due  to  a  differ- 
ence in  atomic  grraipLug.  Ifl  it  not  proljiible,  tlien,  that  some  of  these 
grou[J8  ai-e  much  more  susceptible  of  dcconipoHitioii  than  otliers ;  that 
thoee  albumoses  which  yield  much  auiidn-acid  crjutain  more  groujis  i\\ 
tlieir  molecules  which  are  decomposalde  by  try]fsiii ;  that  tliose  which 
yield  much  antipeptoue  contain  less  of  tbe.se  dccruaposrible  groups;  and 
that  in  all  cases  that  substance  (or  «ubstiinces)  which  we  c^ill  antii>eptinie 
18  the  remainder  after  all  those  gruupis  whieli  are  attackable  by  trypsin 
have  been  removed  in  the  form  of  amido-acids  \ 

It  will  Lh?  seen  that  tliis  substitutes,  for  two  uiolccules,  one  easily 
attackable,  the  other  wholly  imatt-jiekablc  l»y  trypsin,  one  niolceule  ;  of 
whieh  a  fKU'tion^  variable  in  the  rase  of  ijaeli  iilbumose,  is  nttackeil  by  the 
trypsin  and  a  residue  left,  in  which  there  are  no  groups  timt  the  trypsin 
is  able  to  att^iek ;  such  a  substitution  relieves  one  from  belief  in  a  large 
number  of  subst^inces  of  which  the  existence  has  never  been  proven. 

Again,  if  a  cleavage  <tf  tlie  protei<l  molecule  takes  ]i]ace,  at  the  begin- 
ning of  the  digestive  process,  into  anti-  rind  hciiu-groups,  of  winch  the 
jmti'gi'onps,  after  passing  tin-ough  the  albitmose  stage,  becnute  firiallj 
eonverte<l  into  autii>epLone,  while  tlie  benn-grou]>s,  after  jtassing  through 
b<ith  alburnose  and  f*eptoiie  stage,  become  finally  converted  into  ami<lo- 
adds,  one  would  expect,  in  an  internqited  tiyjttic  digestiim,  to  fhid 
these  intermediate  herni-]  nod  nets  mixed  with  the  inttMiucdinte  anti- 
products;  to  find  sul^stances,  corresinnuling  to  those  found  in  [ie]>tic 
digestion,  which  would  become  uw  more  conjplcle  tryptie  digestion 
partially,  at  least,  broken  u])  into  amido-acids.  No  such  compounds  or 
mixtures  are,  however,  actually  found  ;  no  hemi-conipound  is  ever  found 
at  any  stage  of  tryptie  digestion.  As  already  stated,  itrdo-  and  hdfvo- 
albumose  are  never  formetl,  only  deuteroalbumnse. 

Neither  is  there  any  evideiu-e  ttf  the  foruintiou  of  such  a  suhsiance 
as  amphopeptone  in  tr}7>tic  digestion,  oidy  anti]M>pLom.'  is  ft>rme«L  In 
short,  there  is  no  evidence  whatever  in  tiyptic  digestion  of  two  ]p;u!i11c1 
series  of  anti-  and  hemi-bodies  proceeding  ^Jf/ri  pa^i^u  into  anti-  and  licmi- 
{>ept<jnes,  of  which  the  latter  ItecLunes  decomposeil  into  amid<j-aeids.  If 
any  herni-botlies  are  formed,  tliey  are  at  niice  brf^ken  tlown  iuto  amitkt- 
acidfii,  without  passing  through  the  preliminary  stages  of  bemialbumose 
and  hemipeptone  ;  at  any  rate,  there  is  no  experimental  evidenre  ui  such 
a  passage.  Also,  when  proton Ibumose  is  obtained  as  a  product  of 
fraetional  peptic  digestion,  arul  submitted  to  tfie  aftion  of  trypsin,  it  is 
directly  broken  up  into  amido-acids,  no  deuteroalbumose  or  bend  peptone 
being  discoverable  as  intermedijite  jirodurts.  Similarly,  heteroalbuniose 
is  in  part  converted  into  anndo-acids,  and  in  jnirt  irdo  f7///f*dentcro:dhu- 
nioee,  which  passes  later  iuto  auti]»c]>toue  without  any  formation  of 
A«mt-deuteroalbnmose  or  aiu]diopeptone.^ 

1  Neumeiater,  Ztschr.  f.  Biol.^  MUnchcn,  16S7,  Bd.  xxiii.  S,  331. 


420        CHEh  ?  r  OF  THE  DIGESTIVE  PROCESSES. 

This  m  all  eti  r  accoimted  fui*  0!i  the  au])|:Kifiititni  that  a  varia!*le 
fraction  of  tlie  {H'Ot^id  molecule  is  ^ms\y  attjieked  and  Urokeii  olV  iiit«» 
amido-aciils  by  trj^Ksiu,  but  it  iB  very  difficult  tn  exjilaiii  on  the  f^iij*- 
position  that  the  i>roteid  molecule,  early  in  the  process  of  deconii-tosition, 
breaks  up  into  two  halves,  of  whit*h  one  clianges  thmugh  the  stages  of 
hemialbuiiiu^e  and  tiemipeptcuie  into  amido-acids,  while  the  other, 
passing  thinugli  ant  ialbumose,  halts  at  an ti peptone. 

Descnption  of  he  products  formed  in  the  pancreatic  digestion 
of  proteidB.^ — Tlie  produotK  of  tiyptif  digestion  may  be  Lsfikteil  mowi 
easily  by  experimenting  with  fibrin,  either  by  iinpregnating  it  with  tlie 
ferment,  was^lungj  and  allowing  it  to  digest  in  dilute  Bodiuni  cai"l>onate 
solution,  or  liy  digetttinii  vrith  a  T>innfied  i>ancreatie  extmet.  The  pro- 
ducts preHcnt  at  differe:  U  ic'd  by  remtaing  at  inter vab 
a  portion  of  the  iliges  #  iiJf*sti\'e  process,  by  boiling  and 
then  investi^ting  the  J  substances. 


I 


Coagnlahh  protmh-^ 
or  just  on  <oai]tlnte  solu 
proteid ;  oo  neutmUsjng, 
out  of  solution,  and  the 

Tlie  diuferoalbumosi 
coagulated  proteid  hy  fil 
mose  can  Im'  precipitated 
by  subjectiuM  U)  further  acxioj 


I 

tJ 


aoved  Wfore  complete  Outrun, 
be  found  to  contain  coagukble 
bbuHn  in  character,  ie  thrown 
ntly  ncid  and  boOfng.^ 
«,— If,  after  removal  of  tho 
low  concentrated,  deutoroalbu- 
jjorido  and  aeetie  acid,  and  abowu, 
to  he  purely  an  an ti^-om pound,  or, 


in  other  wurds,  to  contain  nothing  iu  ..v.  **ioleGule  deLoinixjfiable  hy  the  action 
of  trypsin  into  amido-acid§.  This  anti-deuteroalbumose,  as  already  stated,  is 
the  only  allnninvse  found  m  tryiitie  digestion,  and  it  Is  ordy  foniul  in  the  eaHier 
stages.  Anothui'  portion  of  tlio  digest  may  be  aLidified^  and  the  albumose 
thrown  out  of  fsolution  by  saturation  with  ammonium  j^ulphate,  after  which  the 
presence  of  pf'j>lone  in  tho  filtriOt  may  be  ^hown,  after  dihition  or  dialysis,  by 
the  usual  tests. 

After  ^on\Q  days  of  tryi>tic  dige^stion,  the  digest  contains  no  coagulable 
proteid  or  albumoBe,  but  only  antipeptone,  and  the  simpler  products  formed 
by  more  conii>lete  tiemolititm  of  ftart  of  the  proteid  molecule  {or  of  the  hypt*- 
thetical  henii-m!HDty)i  such  as  the  amido-acids. 

The  peptone  ft/  tryjific  Jifjetifioti  or  antipf^pff*ft&^^-lilw  peptone  or  peptones 
formed  by  the  ac^tjon  of  trypsin  on  j^ruteidn  can  best  be  obtained  from  a 
pancreatic  dii^t^st  wliich  has  l>een  allowed  ti>  proceed  to  completion  by 
repeated  dij^nistion  during  several  days  with  trypsin  and  dihitc  sodium  carbo- 
nate soluti'  in.  This  .^altition  is  concentrated  to  a  ismall  volume  and  Altered 
from  the  ty^u^iiile,  which  ftcparates  out  on  cooling.  The  hltrate  is  saturates] 
with  ammcioium  8ijlt>hate,  with  the  precautions  described  umler  peptic  diges- 
tion,- and  x\w  aininonium  sulpliEite  is  similarly  removed.  The  antippptone  may 
now  be  j)recipitiited  by  the  addition  of  phosphomolybdic  acid,  the  precipitate 
decompo.^ed  by  baryta  water,  and  excess  of  barium  removed  by  cautious 
addition  of  dihito  sulplniric  acid.  Finally,  the  solution  is  concentrated  to  a 
syrup  on  a  water  bath,  and  dried  in  vanio  over  sulphuric  acid.^ 

Antipeptone  agrees  very  closely  in  composition  and  properties  with  a 
monobasic  organic  acid  (Fleischsiiure)  recently  isolated  by  Siegfried  *  from 
muscle  extract,  of  the  composition  and  molecular  weight  represented  by  the 

^  Soo  i.p.  405,  415.  2  se(»  ^^  411^ 

3  Kuliuc,  Xtschr.  f.  BioL,  Munchen,  1S93,  Bd.  xxx.  S.  1. 

*  Bcr.  d.  k.  mrhs.  Gt'sc/r^ch.  d.  Wissensch.,  Alath.-phys.  CI.,  1893,  S.  485;  Arch.  f. 
AruU.  u.  r/iifsioL,  Leii>zi^'.  1S94,  S.  401  ;  Ztschr.  /.  phi/.siuL  Cheia.,  Strassburg,  1896,  Bd. 
xxi.  S.  3^10.  See  also  C.  W.  Rockwood.  Arch.  f.  Anat.  u.  PhysdoL,  Leipzig,  1895,  S.  1  ; 
Balke  u.  II.  8.  Ide,  Zhchr.  f.  phifsiol.  Clum.,  Strassburg,  1896,  Bd.  xxi.  S.  380. 
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lorraola  Cj,^Hjr,N^U^.  Tlii>  s^ibstance  gives  a  similar  biutL't  reaction  to  that 
giT^a  by  an  ti  peptone ;  like  it  alsp,  it  docs  not  give  Mi  I  Ion's  reaction,  is  very 
ijgroscopic,  and,  on  decoiiiiMi?*itlon  witli  hy<lroclilori€  aci^l,  f(>rmjs  lysine  and 
lysttinine,  but  not  tyiN^sine.  It  has  also  bc^en  obtained  directly  from  the  pro- 
ducts of  advanced  tryi>tic  digestion;  it  Inis  been  found  in  milk,  and  in  tmcea 
in  the  urine.  It  ia  easily  Bohible  in  water ;  Bjniringly  in  cold,  more  fio  in  hot 
alcohol,  from  which  it  crystiilHses  iti  niicroscopic  crystals*.  It  is  also  soluble  in 
carbolic  acid  and  glacial  acetic  acid,  but  is  decomiM>,sed  by  tliese  solvents, 
esjiecially  at  a  high  temperature.  It  combiner  with  liydroeldorir  acid  and  with 
phosphoric  acid  (Phosphorilei.schsaure),  The  cnni[)ourid  witli  |>li<>sph<nic  acid 
is  the  furiu  in  which  it  naturally  occurs  in  tlio  organism.  Sjnqvist^  has 
iccently  estimated  the  molecular  v^'eight  of  antipeptone  by  cryo.sfopic  detcMniria- 
tion  at  250 ;  this  agrees  very  closely  with  the  molecular  weight  similarly 
determined  by  Siegfried  for  his  new  ai-id,  and  increases  the  probabihty  that 
the  two  sub^t^mces  are  identical. 

Wlien  a  proleid  is  subjected  to  tryptic  digestion,  a  portion  is  (Ieciini[>osed 
beyond  the  stage  uf  albumose  or  pepUjiie,  and  there  are  formed  several  nitro- 
genous bodies  of  much  simjiler  coui^titution  ;  of  tlie.se,  some  are  amido-aeidf* 
and  some  organ i c  ba ses,  0 f  th es e  s til )s tai 1 1 ' es ,  t w o  a m i d i>-a c i ds ^  1  e uc i 1 1  *•  o r  a m  ido- 
ctppoic  acid,  and  tyrosine  or  para-oxy|dieiiylamidn  propionic  aei<l,  are  i>rcsent  in 
much  larger  quantity  than  the  uther^,  which  im\y  ocrnr  in  traces.  These  others 
are  aspartic  aeid  ur  amido-succinic  acid,  gkitataic  aci*I  or  amido-pyrotartaric 
acid,  butiilanine  or  amido-valerianic  arid  ;  and  of  bases,  ammonia,  lysine,  and 
iTsatinine.  Besides  these  substances  of  known  eompositiun,  there  is  auLilhcr 
substance  of  unknown  cfimp<*sitiun  formed,  to  uhich  the  inkine  (if  trypto[>han 
has  been  given,  although  it  has  never  been  isc^lated,  and  is  <ady  known  through 
certain  peculiar  colour  reactions  wliirli  it  gives. 

The  amido-acida  formed  in  tryptic  digestion."— Leucine,— l>encine 
i»an amidocaproic acid ({C[L^)XHX'H^.CII(XIL),C()<)ir), and  is alway.<  Inrmed 
in  any  profound  decomposition  of  jjiotcid,  such  as  boiling  with  dilute  acids  c^r 
ilkalies,  fusing  with  alkalies,  in  tryptic  digestion,  or  in  putrefaction^  It  has 
been  found  in  ne^u'Iy  all  the  tissues  in  the  body,  and  there  has  been  much 
discussion  a^  Xa\  wijether  it  is  a  normal  constituent  here,  tir  is  furnicd  as  a 
ptjst-mortem  prmluct*  Cert^iinly  it  is  ra]»idly  increased  in  annmnt,  because  of 
[iroleid  decomposition,  after  death,  but  the  evidence  is  strong  for  its  norniiil 
preaenca  in  more  or  less  iironounccil  traces  in  must  of  the  organs  in  the  fresh 
ecmdition.  It  is,  Ijesidcs,  a  very  common  constituent  of  tissue  in  many 
pathological  conditions,  and  also  ticcurs  in  the  vegetable  woild. 

Virchow  .showed  that  both  leucine  and  tyrosine  are  found  normally  in  the 
pancreas  after  death,  and  Ivuhnc  afterwards  showed  that  its  amount  here  was 
much  increased  by  autodigcstiou  of  the  glatid  tissue  post-mort«'nh 

leucine  was  first  discovered  by  Proust  in  1H18  in  jaitrcfying  cheese,  and 
Damed  by  him  cheese  ^ixide  (K}ise-">xy"]).  It  was  alsu  obtained  by  Uraconnet 
by  decomposing  animal  matter  with  sulphuric  acid.^^ 

Leucine  may  be  yjrepared  in  many  ways  :  by  trvf^tic  digestion  of  proteitls, 
by  boiling  various  forms  of  pnfteid  with  ilihite  acids  or  alkalies,  with  stannous 
chloride  and  hydrochloric  acid,  with  hruniine  water  in  sealed  tubes,  or  by 
fusing  with  caustic  alkalies,  A  eountufn  method  is  that  of  boiling  horn 
sbavings  with  dilute  snljthuric  acid  for  many  liours  ;  but  any  form  *pf  proteid 
will  yield  it  when  so  treated,  such  as  nunit,  cheese,  fda-in,  wool,  feathers, 
elastic  tissue. 

Leucine  has  been  obtained  artilicially  by  Limprii  lit,'  by  acting  on  isoval- 

^  Skafidin.  Arch./.  PhtjirinL,  I^ip3^i|^,  18!J6,  \^i\.  w  S,  277. 

*  FcT  a  very  fall  aecount  of  these  bodies,  see  tiaiagee,  **  Pliysitjkigirrd  rheuiistiy  eftlie 
Animal  Boily,"  vol  ii.  \\  231. 

*Mjily,  Hermann  a  "  Hainlhudi,"  Ikl.  v.  (21,  8   207. 
^  Ann,  de  citim,^  Paris,  \!^:A,  tonic  xciv.  p.  243. 
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eraldehyde    with  Erocyatiie    and    hydrochloric    acids.       I^uvfili^mldt^hyde 

(C^HgCOH)  is  prepa  -d,  according  to  the  gtnieral  methixl^  by  oxidisiing  amy! 
alcohol  with  potassiuii  hifhromatc  and  siilphuric  ac-Id  ;  purified  W  forming  the 
sodium  bisulphite  co  iputmd,  defamijusmg  thb  and  colleeting  the  dif^tilbt*?  % 
this  is  shaken  with  a.  imonia,  when  iaovaleraldehyd* -ammonia  is  thrown  down 
in  crystalline  form.  '  'he^c  crystals  are  waslitid  with  water,  and  then  boile*l 
with  a  mixture  of  stiung  hyLiroejanic  and  dilute  hydrt^chlotic  acids,  when 
a  reaction  takes  place  yieWing  a  body  of  the  eompo^Jtition  Cj^lfj^Nti,  which 
breaks  up  into  leucine  and  ammonia. 

(leadtifl) 

Leucine  has  also  been  obtnined  firfifipinllv  by  Hiifncr,*  by  heating  mono 


bromocaproic  acid  with 
during  four  or  five  hourf 


L 


idor  pressure  t^5   120^-130*^0 

rM>COOH  +  nJlr. 

I  iiiuidocaproic  acid  is  shown 
ition   and    by    the    following 

with  strong  hydriodic  acid,  it 
lin*.^. 


TiOH  +  ^^HJ  +  I^ 
.ng-point  (170^^  C),  to  180-200'  C, 


C.HioBrC 

Constitution  of  leu 
both  by  these  meth^ 
reactions  : — 

1.  Heated  under  p» 
yields  caproic  acid,  iod! 

C.HJNH,  I 

(leu  I 

2.  Heated  alone,  rapiiliy  o ,  ^.  it 
it  yields  amylamine  and  carhon-dioxitie. 

C5H,„(NHJC00H  =  C,HhN1L  + CO, 

3.  Wlien  acted  upon  by  nitrous  acid,  it  breaks  up  in  the  usual  mauner  of 
amido-acids,  all  the  nitiv"[,''iti  being  evolved  as  such,  and  oxycaproic  of  leucic 
acid  being  simultaneously  fonned, 

Cyiio(NH2)GOOH  +  HXO,  =  C,H,^(0n)COOII  +  \\p  +  N. 

(leuciinjj  (IlUuiu  ur  uxvciipruiu  acid) 

Tlicse  reactions  show  that  leucine  is  an  araidocaproic  acid,  but  there  are 
several  isomeric  amidocaproic  acids.^  It  was  thought  until  quite  recently 
that  leucine  was  the  amido-acid  of  normal  caproic  acid,  but  it  has  been  recently 
shown  t(j  be  amido-isobutylacetic  acid.^  The  dilference  in  the  structure  of  these 
two  compounds  would  be  represented  according  to  tlie  usual  convention  by  the 
two  following  graphic  formulas  : — 


CH3 

CH,    CH, 

CH2 

\/ 

Xorraiil  a-amido- 

CH., 

Isobutyl-(a)  amidoacetic 

CH 

caproic  acid 

ch; 

acid,  or  leucine 

CH. 

CH— NH2 

CHJfH., 

COOH 

COOH" 

Pure   leucine    crystallises  in    the  form  of    thin  white  transparent  plates, 
forming  in  mass  a  snow-white  powder,  which  feel  greasy  and  are  not  wetted 

^  Chcm.  Caifr.-JU.,  Leipzig,  1S69,  S.  159;  Journ.  f.  i^raJd-  Oicm.,  Leipzig,  1870, 
Bd.  i.  S.  <j. 

2  According  to  11.  (Joliii,  not  one  but  several  leucines  arc  formed  in  jmncreatic  digestion  ; 
these  arc  probably  the  isomeric  amidocai)roic-acids,  Ztschr.  f.  pUysioL  CheiiUf  Strassburg, 
1894,  i'xl.  XX.  8.  20:j. 

^  Schulze  and  Likiernik,  Brr.  d.  (leulsch.  chcni.  Geselhch.,  Berlin,  1891,  Bd.  xxiv.  S.  Qiii^ ; 
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by  water,  so  that  they  float  on  its  surface,  alUMjugli  their  specific  gravity  is 
about  1*3  ;  but  usually  leucine  is  found  tu  sejtarute  from  solutions  containing 
it  ID  characteristic  globules  of  mieroseopic  size,  often  ex  hi  In  ting  a  radial 
striutioD,  or  a  marking  ort^  into  concentric-  alternately  dark  and  liglit  bLmds, 
In  thia  latter  impure  form  it  is  eajsily  soluble  in  water^  and  fairly  so  in 
ilcohal ;  the  pure  product  h\  less  soluble,  its  sohibility  is  variously  ?;tiited  from 
liji29tol  in  47  parts  of  water  at  njom  temperature.  This  ditference  ia 
usually  ascribed  to  the  presence  of  different  isomerie  modifications  in  varying 
proportions. 

Heated  slowly  to  170"  C,  leueim?  Tnelts  and  commences  to  sublime  in  loose 
woolly  flocks,  resembling  those  forme<l  when  Kinc  is  Imrnt  to  zinc  oxide;  these 
present  the  appearance  microscopically  of  thin  plates  ^Touped  into  rosettes. 
Leucine  is  very  feebly  soluble  in  strong  alcohol  (about  1  in  1000  in  98  per  cent, 
alcohol),  and  is  insoluble  in  ether. 

The  artilicial  leucine  obtained  as  described  above  is  inactive;  so  is  that 
obtaine^i  by  the  action  of  liarinm  hydrate  on  jiroteids  at  higli  temperatures 
(150*— 160"  C).  leucine  from  the  tissues  is  dextrorotat'Ory,  but  nlso  l>ecomes 
mactive  when  heated  to  150  C.  with  biirytn  water.  When  PenicilHum 
glaacum  L^  sown  in  inactive  leucine,  the  organism  lives  on  the  dextrorotatory 
variety^  and  laevorotiitory  leucine  is  left  beliind.  These  two  arc  physical  isomcra 
of  each  other  ;  their  specitic  rotatory  powers  are  (a)-I)=  +  17"3  for  the  rights 
handed,  and  {a)'Vy=  -  17  5  for  the  leftdianded.^ 

Tegts/or  /^wrrwe.^Leucine  may  be  recognised — 

1.  By  it-^  erystiilline  form  in  tlic  above-descrihe«l  spherules,  forniiJig  from 
solution,  and  yielding  a  woolly  subliniate  wliich  sliows  rosettes  of  l^latelets 
onder  the  microscope*  If  it  be  hente<l  rapidly  so  as  to  raise  the  teni[)er2iture 
much  abo%'e  170',  in  suhliming  it  the  odour  nf  aniylamiiie  is  obtJune<l. 

2.  By  dissolving  in  ijoiling  water  and  adding  lioiling  solution  of  cupric 
acetate,  when  a  deep  bine  coloured  crystalline  compound  ap[>ears. 

3.  J{y  BchererV  test,  which  consists  in  adding  n  dni[t  af  nitric  acid  nnd 
slowly  evajKjrating  on  platmum  foil,  when  a  nearly  colourless  residue  is  left. 
If  this  be  wett4?d  with  afKlium  hy^lrate  and  gently  heated,  it  forms  into  rin  oily 
globule  which  rolls  abiut  on  the  foil. 

Tyrosine. — Tyrosine,  or  f^rt7*a-oxyphenyl-a  juuidopropionic  acid  (C-lt4{0H) 
CILCH(NIL)COOH),  is  the  ahnost  constant  conqKinion  of  leticine  in  the 
decomposition  of  proteids.  Unlike  Icn*  ine,  tyrosine  is  never  found  as  a  con- 
stituent of  Jrei*h  tissues  ;  its  su[tposcd  presence  in  fresh  ymncreas  has  l>een 
shown  to  be  due  to  self-digestion  of  the  glanxl,'-  and  it  is  not  found  in  other 
fresh  tissues,  hut  is  a  constant  constitueni  of  those  in  which  proteirl  dcconv 
position  has  set  in.  It  occurs  very  plentifully  in  nld  cheese,  from  which  it 
was  first  obtained  by  Liebig  by  fusing  witli  caustii'  potash. 

Tyrosine  may  be  obtained  in  general  by  the  same  methntls  as  leucine,  but 
it  is  not  formed  in  the  decomposition  of  gelatin  nor  of  antipeptone. 

Corn<fifnthm  of  tyrosine. — The  constitution  of  tyrosim^  has  been  established 
lu4inJy  by  the  work  of  von  liarth,^  who  tirst  showed  that  tyrosiiie  yielded  ou 
fiismg  with  caustic  potash  //rtrrt-oxyl>eni5oic  acid,  an  isomer  of  salicylic  aeid. 
Previously  to  this,  tyrosine  had  been  looked  upon  as  a  derivative  of  salicylic 
acid,  but  from  this  von  Barth  concluded  it  must  be  ethylaniido-^*//^rt-oxy benzoic 
acid  (GaHyNH.CJI^XJliCUUH).  If  this  formula  were  correct,  on  treating 
with  Uydriodic  acid,  ethylamine  (CJlvNlL)  ought  to  he  (d)tniined,  but  llufner 
showed  that  ammonia  instead  was  split  oil.      Von    Darth   next  foinid  that  the 

*  St^hulze  and  Rosliftrd,  Ztxhr. J,  phnsioL  Vficm.,  .Stias,4ju]g,  1885,  B«l.  i.v.  S.  63  ;  18S6, 
Bd.  X.  S.  134. 

*  Badadejewnki,    Virrhmtfft  Archir,    jSil<"^   Bd.   xxxvL  S.   I;    KMhne,    Uvkrmn'h,  a,  d, 
ffmol.  Jnsi.  ft  tfniv.  IlfiddUrg,  Rrl,  i.  S.  '6\1, 

*Ann,  d.  Chan.,  Leipzig,,  JM.  cli,  S.  10f>,     Se«  iilso  Erleinneyer  u.  Lipp,  Bcf.  d,  dtutsch* 
Gtadlm-h.^  Berlin,  1882,  Bd,  xv.  S.  1541. 
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NIL,  groiij)  in  his  reaction  was  not  replaced  by  hydrogen  but  by  hydroxyl, 
and  so  linally  arrived  at  the  formula  CgH4.0H.C.,H3(NH.>)COOH,  which  is 
in  agroenient  with  all  the  experimental  facts,  and  is  now  universally  accepted. 

Wlien  fairly  pure,  tyrosine  crystallises  in  long  slender  needles,  which  occur 
both  singly  and  in  double  sheaves  or  in  rosettes.  If  impure,  however,  it  very 
often  separates  in  balls  or  nodules  closely  resembling  those  of  leucine, 
recrystal Using  from  warm  water  in  the  crystalline  form  above  described ;  if 
the  solution  containing  the  crystals  be  filtered,  these  felt  themselves  together 
on  the  surface  of  the  paper  to  a  thin,  snow-white,  paper-like  mass.  Tyrosine 
is  much  more  insoluble  in  water  than  leucine  (I  in  1900  of  cold  water),  more 
so  (1  in  150)  in  boiling  water  and  in  dilute  and  concentrated  mineral  acids, 
and  also  in  alkaline  solutions  (amuKmia,  alkalies  and  their  carbonates,  and  the 
alkaline  earths).  Tyrosine  exhibits  the  usual  facility  of  amido-acids  for 
forming  conii)ounds,  both  with  bases  and  acids ;  the  copper  compound  is 
sparingly  soluble  in  water,  and  is  formed  in  dark  blue  needles  on  the  addition 
of  freshly  prccii)itated  cujiric  hydrate  to  a  boiling  solution  of  tyrosine,  and 
allowing  to  cool. 

Tyrosine,  unlike  leucine,  cannot  be  sublimed  without  decomposition,  and  on 
dry  distillation  yields  (^arbon-dioxide  and  a  base  of  the  composition  CgHjjNO. 

Tf'M:i  for  fiiiuftiine.  -Tyrosine  may  be  identified  by  the  following  tests  : — 

1.  Its  crystalline  form. 

2.  Sr/irrrr's  ff^f^  which  consists  in  evaporating  a  portion  with  strong  nitric 
acid  in  a  j^latinuni  dish,  leaving  a  transparent  deep  yellow  residue,  which 
turns  red  on  moistening  with  caustics  soda  solution,  and  then  a  blackish  brown 
on  again  evaporating. 

3.  PiriiCs  i('!<f. — A  drop  or  two  of  strong  snlpliuric  acid  is  added  to  the 
tyro>in<'  in  a  watch-glass ;  after  half-an-liour,  during  which  tyrosine  sulphuric 
acid  forms,  the  acid  is  diluted  with  water,  and  neutralised  by  the  addition  of 
calcium  carbonate.  The  solution  is  iiltercil  from  the  calcium  sulphate  so 
formed,  and  a  drop  of  neutral  ferric^  chloride  solution  added,  when  a  deep 
violet  colour  ap[)ears,  similar  to  that  given  by  salicylic  atad. 

4.  IL  IlnjjiiiaiDt'fi  ft'sf.  This  is  really  identical  with  the  Millon  test  ft»r 
j)roteids,  and  in  eases  where  there  is  no  group  ])resent  in  the  proteid  molecule 
capal>le  of  yielding  tyrosine,  the  t(\st  with  Millon's  reagent  does  not  succeed, 
f'.f/.,  in  the  cASi'  of  gcdatin  and  of  antipeptone.  The  test  may  be  carried  out 
directly  in  the  case  of  tyrosine  itstdf,  by  boiling  a  solution  containing  this  with 
MilloiTs  icaLTcnt,  when  the  solution  ])asses  through  i)ink  into  deep  crimson. 

S>  i>((r<i1iini  nj  If'nrin,'  and  ii/maiii''. —  Leucine'  and  tyrosine  may  very  easily 
be  separated  wlicn  in  solution  together  by  means  of  their  very  diflerent 
solubilities.  To  separate  them  after  pancreatit^  digestion,  it  is  best  to  allow 
dig(!>tinn  t'l  proceed  for  several  days;  ;it  the  end  of  this  time  there  is  no 
coagulablc  j)rot<id,  or  albunios<',  except  in  traces,  left  in  the  solution.  This  is 
neutr;di.-cd  and  evaj>()rat(Ml  down,  when  the  tyrosine,  on  account  of  its  sparing 
soluMlity  in  walei-,  is  thrown  (Mil  in  crystalline  nia>ses,  while  the  more  soluble 
leucine  nearly  all  remains  in  solution  ;  on  cooling,  more  of  the  tyrosine  separates 
out,  and  when  tlie  solution  is  cold  it  is  filtered  of!',  extracte(l  with  hot  alcohol 
to  remove  tra'-es  of  ]('u<'ine,  and  ]»uritied  by  recrystallisation  from  hot  water, 
or  by  di--olving  in  w<'ak  ammonia  and  precipitating  by  neulrali<ation. 

The  liltrate  c((ntaining  the  leucine  and  jieptonc  is  still  further  evaporated 
until  it  liecome>  syru]»y  :  it  is  tlien  extractcil  with  lioiling  al(M»h(»l,  whi(di  takes 
up  only  the  water  and  leuciiie.  ( )ii  evaporating  oil'  the  alcohol,  leucine  is  thrown 
•  •ut  of  the  concent  lated  solntiou.  aud  maybe  ])Uiitie(l  by  sublimation  or  by 
repeated  recry-talli-at ion  from  alcohol.  More  tyrosine  may  ])e  obtained  from 
the  re>idiic  left  by  the  hoiJing  alcohol. 

<  h'  the  solution,  aftei-  <'omplction  of  digestion  and  careful  netitralisation, 
may  at  oin-e  l)e  evaporated  to  a  thin  syru[)  and  set  aside  for  twenty-four  hours, 
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donng  which  tijiie  most  of  Iwtb  the  leuriiu-  and  tyru.sinc  cryi?laniscs  out.  AftiT 
lepanition  of  tlie  crysUils,  the  hltnitc  may  he  once  more  reduced  in  bulk  hy 
eirii|ioratioti  and  a  second  crop  of  rrysUils  obtained  as  before. 

To  the  syrupy  mother-liquor  now  remainitigabsiihite  iileiiliol  is  added,  until 
pivcipitatiou  of  the  peptone  eoinmeiice>t,  uheu  the  additioji  of  ab'ohol  is 
fiiapped  and  the  precij^itate  of  peptone  redi.ssoived  by  gently  warming.  Tlie 
flolntioii  is  now  set  a^side  to  cool  and  crystaHi.se  as  before.  The  unite* I  crops  of 
crystals  of  mixed  leiieine  imrl  tyrosine  are  iKijletl  with  alcohol,  which  disr^olves 
the  leucine  and  but  little  of  the  tyrtwine.  On  concentrating  thin  ahioholic  extract, 
leucine  crystallises  out  and  may  be  jiuritied  by  recrystallisatiou  from  alcohol. 
Fruiu  the  resiilue  insoluble  in  alcohol  the  tyrosuie  i.^  obtainetl  by  dissolving  in 
weak  ammonia  water  and  neutrEdit^ing. 

The  yield,  botli  of  leucine  and  tyrosine,  obtained  from  tlillerent  materia Ks 
VErics  greatly,  but  in  all  ea^en  the  former  is  always  formcil  in  mucli  larger 
quantity.  The  following  tal>fe*  gives  the  |M^iccntiige  yield  i>f  the  substanceij 
obtained  in  some  eases  j  the  figures  indicate  jvirts  jier  100 :  — 
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Ajspartic  acid,  or  ami<lo-succinic  acid  [t.'JI  .(Xfl  ,).(Cl>nir).,],  docs  not 
occur  in  any  of  the  anituid  tissues  or  secretions^  but  is  formed  in  small 
quantity  in  all  those  decompositions  of  proteids  amt  their  allies  already  descrif>ed 
*s  furnish ijig  leucine  and  tyrosine/-  It  was  first  iiientified  atnong  the  products 
of  pancreatic  digestion  of  hbrin  by  Radziejewski  and  Salkttwski/'  and  von 
Knieriem  afterwards  showed  that  it  is  als<i  furmed  in  the  juvncreatic  digestbm 
of  jil'tiut  ghitiu. 

It  may  also  l>i^  obtained  by  decomposing  aHparagin  (amidn-siiccinamic  acid) 
by  an  alkali  or  acid^  tbus  ; — 

CH^^COOn    '  CIL,-C(H>II 

=     I   ^  +xii,a. 

:H{NH,)— Cn(  NH..)  +  HCl  +  lip       (J  ll(X  IL)-COOI  I 

(•aparagin  or  ainido  mu  fjinfiniii::  tuidl.         {.'mpartic  acid  or  auddu-auci  inic  atnd). 

^Oompled  frosn  Maly,  Hcnuauu's  **  Handluieli/'  lid.  \\  (2),  8.  2(13  rt  sfq, 
'  Ritthau.son    and    KV^ustcr,  Jmnm.  J\  prftlt.    *lirm,,   b'lpzijr,   Lh71,   lid,    iii.  .S.    314; 
Hliaiwetz  and  HaHcrniann.  Ann,  iL  Vhtm.^  Lrfdpzig,  ls7b  i^d.  elix.  S.  1101. 

*Ea*kiej<?wskiaiid  E.  SalkouHki,  Ihr.  rf.  fJrttfHth.  dtrm.  *ltH''!lmh.^  Birlin,  1S7J,  IM.  viL 
S.  1050  ;  Ann.  d,  Ch^m.,  L*npd^%  li^7.i  Bd.  tdxiv.  S.  If.O  ;  W.  v.  Kiiii  ricJti^  Zf^^rhr. /.  Jitol., 
Miiochen,  1875,  Bd.  xl  S.  IPB,  Froui  100  pt^.  of  iby  fgg  alluuiiiu  Hbisiwctz  and 
ilAbenimim  obtaiued  23  8  ^jts.  of  a!i]>artie  acid  by  llio  aijtiou  of  brouiiii'j  in  sealed  tubes. 
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Aspartic  ncid  ^  uble  with  diJliculty  in  cold  vvator,  easiily  Bolublu  in  boiiing 
water,  and  insoluble  i;  alcohol.  It  crystal lisea  in  rhombic  prisms  ;  its  solulicmst 
are  optically  active,  aj  d  cnrionsly  wheD  in  acid  solution  it  is  d<?xtrurotatcirj% 
but  laevorotatoxy  whc  i  in  alkaline  s^oluticm.  It  forms  a  crystalline  c^impound 
with  copper,  which  m  y  be  used  for  purifying  it.  After  leucine  and  tyru^tiDe 
have  crystallised  tmt  froui  the  products  of  a  proteid  decomposition,  ihry 
are  separated  froni  the  mother-liquors,  and  these  are  further  concentniU'd 
and  treated  with  a  ^niall  quimtity  of  akohol,  when  after  a  time  a  new 
crust  of  crystals  forms.  These  are  dissolved  in  water,  the  sohition  k 
boiled  with  freahly  preeipitated  ciiprie  hydrate  and  Jiltered;  in  the  liltrate^ 
on  cooling,  crvBtals  pro  dei>oi?itefl  of  the  copper  salt  of  aspartic  acid  jual 
mentioned.  Thej?e  crystals  arc  dissolved  in  liydrochloric  acid,  the  copfter 
is  thrown  out  by  a  stream  of  sulphuretted  hydrogen,  and  the  copper 
sulphide    filtered    oil;    ;  'il  Is    of    aspartic    acid    aeparato 

out. 

Glutamic  acid  ib  f  CyH^.(NH.).(COOH).],  and  b 

homologous  witli  sispa^  liigher  menilxr  in  the  series. 

It  occurs  in  uiiiiul^  qi  decomposition  of  proteids,  hut 

has  not  yet  ht'fu  hhoi/  scorn  position  brought  about  V>y 

pancreatic  digestion-     j  Rittliau&en  and  Krcusterj*  in 

the  decomposiiiun  of  Vi  \^  sulphuric  aciti  ;  from  casein 

when  decompi.ised  by  ydroclilorie  acid,  by  Hlii:^iwct£ 

and  Habermiiriri ;  -  and  ried*^ 

It  may  be  ohtaineq  A.  ild  solution  %vith  bydrocldoric 

acid  gas,  and  then  kee^yi^j^  S  iiiDcLuru  until  the  compound  with 

hydrochloric   arid    (C^H^^JCO^i-H(  imrates   out   in   crystals,    which   are 

sparingly  sohible  in  saturated  hydrocniorie  acid,  but  easily  sohible  in  wat^r, 
Next,  these  crystals  are  dis^^olved  in  warm  water,  aud  the  boiling  solution 
is  treated  willi  frct^hly  preeijaLated  moist  silver  oxide,  which  removes  tha 
liydrochloric  mill  by  forming  silver  chloride;  the  filtrate  is  fre^d  of  silver 
by  a  stream  of  suljiliuretted  liydrogen,  and  con  centra  ted.  On  standing,  glutamic 
acid  separates  in  t:rystals  which  form  rhoiabic  tetrahedra  or  octahedra, 
sparingly  soluble  in  cold,  readily  soluble  in  hot  water,  but  insoluble  in 
alcohol  or  ether.  Solutions  of  the  acid  are  dextroiotatory  (a}I>=  +31'!, 
and  it  shows  the  same  phenomena  with  regard  to  rotation  as  are  described 
for  leucine* 

Organic  bases  formed  in  tryptic  digestion. — Lysine  and  lysatine 
or  lysatinine. — Two  organic  bases,  lysine  and  lysatine  or  lysatinine,  have  been 
recently  isolated  from  the  products  of  artificial  decomposition  of  proteids,  by 
means  of  a  modification  of  the  method  of  Hlasiwetz  and  Habermann,  in  which 
metallic  zinc  was  added  in  addition  to  stannous  chloride  and  hydrochloric  acid, 
and  means  taken  to  exclude  oxygen  during  the  operation.  These  substances 
were  first  isolated  from  casein  by  Drechsel,^  and  afterwards  extensively  studied 
by  himself  and  others. <^  They  have  since  been  found  among  the  products  of 
tryptic  digestion."^ 

Lysine  and  lysatine  are  both  precipitated  by  a  hot  saturated  solution  of 
l)hosphotungstic  acid,  which  does  not  precipitate  the  amido-acids,  and  so 
furnishes  a  means  of  separating  the  two  from  the  other  products  of  a  proteid 

^  Journ.f.  ]>rakt.  (lt(in.,  L(.'i]v,ig,  1871,  Bd.  iii.  S.  311. 

'^  A7in.  (K  Chem.,  Leipzig,  1^73,  M.  rlxix.  S.  150. 

'  •'  Haljilitationssfhiirt,"  Leipzig,  1S1V2.  *  See  p.  423. 

-'  Ai'di.  f.  J'1t]fsii,l.,  Leipzig,  1801,  S.  254;  Ber.  d.  dcvisch.  chem.  Ocsellsrh.,  Berlin, 
1800,  IM.  XX iii.  S.  :]00(). 

«  E.  Fiselicr,  Arch.  f.  Physiol.,  Leipzig,  1891,  S.  205  :  Max  Siegfiied,  Ber.  d.  deutsch. 
chrm.  Grsrllsch.,  Berlin,  1801,  IM.  xxiv.  S.  418  ;  Arch.  f.  J'hysioL,  1891,  S.  270;  S.  G. 
lledin,  ihid.^  isOl,  S.  273  ;  Drechsel  and  Kriigcr,  Ber.  d.  dfutsch.  chfm.  Qcsellsch.j  Berlin, 
1892,  Hd.  XXV.  S.  2454. 

"  licdiii,  Arch./.  AnM.  n.  Physiol.,  Leipzig,  1891,  S.  273. 
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(!ftcc*m^»o^itioD.  Lysine  forms  a  platiriochloridtj  {C,^Hi|Kj^.,  HJ^tCIjj  + 
CJI-(jH)  which  is  insoluble  in  50  per  cent,  alcohol,  in  which  tlie  corre- 
ipoxidixig  lysatine  salt  h  soluble,  and  by  this  meiins  the  two  bases  may  be 
ecpamted  ;  or  they  nuiy  be  sepantted  by  meaiii^  uf  the  <iirtcrence  in  solubility 
of  their  silver  salti,* 

Lysine,  C^^Hj^NJX,  in  compositiim  cfirre^^^ponils  to  a  ilium idocaproic  acid 
(C|;H^(NH2)«C0UH) ;  its  Ssalutiruis  are  tkxtroroLitory,  but,  like  leucine  and 
gjQt&mic  acid,  become  inactive  when  lieated  with  baryta  water  to  150"  C.  The 
vks  af  lysine  are  crystalline,  but  the  base  itself  has  not  l»een  obtained  in  a 
crystalline  fonn. 

Lysatine  or  lysatinino  yields  a  crystalline  silver  salt  uf  the  composition 
C^Hj,N.^02,  HNOy  +  AgNO,^,  from  which  the  formula  of  the  base  follows  as 
C^H|^N30>,  except,  m  h  supixised  |>rol)able,  the  Ji^ilver  salt  contains  a  molecule 
of  water  of  crystal  ligation,  in  wbicb  ca.'^e  the  ftu'miila  of  the  base  w^ould  be 
C^HjjN.^O.  With  the  former  formula  it  would  be  bumolnrrout;  with  creatine, 
with  Uie  latter  homolo^^ous  with  creatinine,  and  would  be  most  ])roper]y 
oiled  lysatuie  or  Ivsalinijie  accordingly* 

Creatine  is  C^K,,X,jO^  and  creatinine  is  C^H-X.^().  The  new^  base  may  be 
either  lysatine  with  the  formula  C;.H|.^N.j(),,  or  lysntinine  with  the  formula 
C^HjjN^O ;  in  either  case  l»eing  the  second  hifjlicr  number  in  a  homologous 
mne^  that  is  dilfering  in  formula  by  (CIL)^. 

Another  similarity  to  creatine  invests  this  or;u'anic  base  with  its  most 
important  physiological  interest.  Creatine  when  boiled  witli  l)uryta  water 
splits  up  into  sart:;osin  (or  mctbyl-glycocrill)  and  una ;  similarly  treaLLHl, 
lysatine  also  yields  urea.  Dreehsel  treated  t}je  lysatine  obtained  from 
10  grms,  of  the  silver  salt  al>ove  referrerl  b*  with  oxftesa  uf  baryta  water, 
ind  obtained  1  grm.  of  urea  nitrate,  from  whicli  be  isolated  and  identitied 
the  urea.  This  is  all  the  more  interesting  from  the  fact  thnt  creatine, 
although  it  occurs  in  the  body  under  sucb  circumstances  as  leave  little 
doubt  that  it  is  formed  as  a  decompos^ition  [product  of  proteids^  lias  not 
yet  been  obtained  artificially  as  a  direct  pro«lnct  of  pruteid  decumposition, 
Lysatine  has  not  only  been  so  obtained,  but  also  as  a  product  of  [>ancreatic 
digestion,  and  urea  having  been  obtained  from  this,  has  consequently  been 
obtained  as  a  product  of  proteid  decfimpositiiFn. 

Hedin  ^  obtained  from  3  kiiosi.  of  moi^t  fibrin,  -8  grms.  of  pure  platino- 
chloride  of  lysine,  and  enough  of  the  silver  salt  of  lysatinine  to  establish 
its  identity. 

Ajmnonia  is  found  as  a  constant  product  in  the  artiliri^il  dectimi)osition  of 
proteid^,  as  might  be  inferred  from  w^bat  has  been  stuted  c<>nccrning  lysatine, 
Olid  it^  formation  has  also  been  sb^iwn  in  pancreatic  digestion,  Hirscbler^ 
lias  shown  that  in  the  entire  absence  of  |>utrcfactinn|  in  so  short  a  periwl  as 
four  hours,  small  quantities  of  ammonia  a|ipenr  in  the  pancreatic  digestion  of 
fibrin;  this  result  has  been  confirmed  by  St^idclmnnn.^ 

The  chromogen  of  pancreatic  digestion.  -As  early  as  1831  it  was 
observe,  by  Tiedemann  and  (jmelin,^  that  tbe  ijamrcatic  juice  of  tlie  dog  takes 
on  a  rose -red  colour  wdien  mixed  with  rblorin*^  waier.  Claude  liernard  next 
showed  that  no  such  reartion  is  obtjiinol  with  fresh  panereatic  juice,  but  first 
appears  after  the  juice  has  been  kept  for  some  time  without  puLrcfartiun  setting 
in  J  if  putrefaction  takes  place,  the  rcacticm  is  also  not  obUtined.  Tbe  inoduct 
giving  this  colour  reaction  is  now  deliiutely  recugnisL'd  as  a  product  of  pancreatic 
digestion,  and  not  a  constituent  of  pancreatic  juice.     For  it  the  name  trypto- 

*  For  detaili  of  these  processes  see  Gatiigec,  *'  rhy>:ioIug3rul  ClMMalstry, "  Loinloiii,  1S93, 
To],  iL  p,  255. 

^Arch,/,  AnaJ.  u.  PhytfhL,  Lc>ipJ!i^^  ls91.  S.  273. 
*Zt«ehr/f.  pkvnoL  C^hern.,  iStnlS.sbu^^^  IbSd,  B«l  x.  a  30*2. 
^ZUekr.f.  Bid,,  Muiiclieji,  188B,  HJ.  xxiv.  .S.  :it5L 

*  •*Dic  Verdauung  itach  Vereucbeii,"  HeitU'lherg,  183L 
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phan  has  been  «,  htcd  hy  Npnmoiste»r,^  from  tln3  \\\ymi  of  riew  that 
it  may  be  made  w  orvo  as  an  mdiu^tcir  of  when  try) 'tic  digestion  \v^b 
reached  a  certain  sta  e  aud  awido^ui'ids  are  hfiginning  tf»  be  fomiettr^  siiit*** 
it  first  appears  in  th  nH>re  adv^aiK^fld  stages  of  pniteid  der:omiH:>sition  ^ifniil- 
taneously  with  the  an  do  iit:id!^.  Tryptc»plisin  \\i\^  nin-i^r  been  isokU^Jt  *^^*^  ** 
only  known  by  its  colour  nnifdions,  Whriii  not  very  diliite,  the  roi*e  rt*ti  roloor 
is  replaced  by  violet  :ui<l  Kiihne  hiis  shown  thut  the  vjA^m  \a  given  by 
bromine  water  as  w  11  \\^  by  rhlorhie  wat^.  Acconling  to  Knikenberg,^ 
the  colour  is  not  du,  to  oxidation  by  the  chlorine  or  bronjine,  but  to  the 
formation  of  an  add  tion  com  pound ;  he  nlso  v^tates  that  tryptophan  is 
slightly  soluble  in  ale  fliol,  ether,  aiul  chloroform,  IIemnla*hai  ehown  that 
the  coloured  material  Ih  eaf^ily  soluble  iu  a  my  I  alcolioh  Here  chlorine  and  wot 
bromine  water  must  l>e  used  as  a  test,  for  the  latter  itself  imjiarts  colour  to 


OJ 


amyl  alcohol.     When  lu 
solution,  it  falls,  after  at 
alcohol    gives   a   fine    \ 
D  line.      According   t 
traces  of  the  chromogo] 

In  its  reaction  w 
resembles  the  chromi>^ 
also  alike  in  being  difiuj 
resemblance  ceases.  Tl 
alkalies,  could  not  Ije  fi 
dry  alcohol,  ether,  or  lj 

KUhne  has  shown   Li*i*b 
decomposition,  but  that   it  I.   .,*p 


s 


mpurity  is  iiresent  witli  it  in 

upiuittr ;    this  on  Fhakitijj  up  with 

an    absurjrtiun    VKiud    at    the 

r«  deration   i^^   given   eveu  by 

t  tryptcsphan  is  diiFusiblc 

tit*   waters,    tryiFtophan   closely 

nil  ;  the  two  <.'hromogens  ar^ 

fill  tinctorial  action,  but  hem 

lalfl  is  very  easily  destroyed  by 

Btiou,  and  is  quite  insoluble  in 

,  a  eiinslant  product  in  all  iiroteid 
^stroyed   aud   ilii^ap pears  j  it   is   alwo 


rapidly  destroyed  by  j>utrefiictive  cnanges!- 

When  pancreatic  digestion  is  aueomjianied  by  putrefaction,  many  other 
substances  are  formed  hesi^les  those  above  desiiribetL  These  will  be  considered 
in  connection  with  bn  torial  digestion  iu  the  iiiteiitiiie. 


Digestion  of  Various  Bodies  allied  to  the  Proteids. 

Those  sulistances,  such  as  the  mucins  cand  nucleo-proteids,  which 
consist  of  a  ]»roteid  molecule  united  to  some  organic  radicle  (and  called 
Protndc  by  lloppe-Seyler),  first  undergo  a  cleavage  into  proteid  and  the 
body  involved  with  it ;  the  proteid  is  then  digested  in  the  usual  fashion, 
while  the  other  substance  very  often  sutlers  no  change.  In  this  manner 
ha-nioglolnn  is  decomposed  by  peptic  digestion  into  a  proteid  commonly 
supposed  to  be  a  gloljulin,  which  l^ecomes  converted  through  albumose 
into  peptone,  and  luematin  which  remains  unchanged.  Nucleo-proteids 
and  nucleo-albumins^  yield  on  similar  treatment  an  insoluble  residue 
of  nuclein,  or  of  pseudo-nuclein  or  paranuclein  respectively,  and  the 
])r(»teid  ])art  of  the  molecule  is  peptonised.  In  the  tr}"ptic  digestion  of 
fil)rin  some  of  tlie  xanthin  bases  (or  nuclein  bases)  have  been  found; 
these  arise  from  the  breaking  up  of  nuclear-nuclein  (Kemnnclrin) 
present  as  a  constituent  of  admixed  nucleo-])roteid,  derived  from  the 
nuclei  of  white  Idood  corpuscles.     The  nuclein  breaks  up  into  nucleic 

^  Z/si'hr.f.  /;/o/.,  Munclicii,  18I>0,  Bd.  xxvii.  S.  309. 

-  Tlie  iKiiiie  jM(it<'inof'lin)nK)<,a'ii  li.is  beon  givr-n  to  tliis  chromogcn  by  Stadelmanu, 
ihi'/.,  IS'.KJ,  15(1.  xxvi.  8.  491. 

'*  Krukt'iibcig,  J'urhotr\s  ylrc/uc,  188.'),  15(1.  ci.  S.  ^kk)  ;  J'crhand/.  d.  phys.-rrud. 
GesrU^ch.  :u  U'urJnmj,  1884,  S.  179. 

•*  Loc.  cif.     Sec  also  Netinieister,  ZtRchr.  f.  Biol.,  iMunclion,  1890,  Bd.  xxvi.  S.  332. 

^'  Xuclco-protoids  yield  on  dcconiiiosition  a  truc^  nuclein,  containing  nucleic  bases, 
nuclco-albuinins  a  pspudonuelein  or  paranuclein,  which  does  not  contain  such  bases. 
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aa*k  and  proteiil,  and  the  nucleic  acids  in  their  turn  iutu  imcleiii  liases 
and  pbosphoric  acui  Tliese  clianges  take  place  Aery  slowly  in  tryptic 
digestion.  On  digestioii  with  [>epsin  and  Imlruclduric  acid,  tiie  glyco- 
proteids  are  deeoiupnBed,  yielding  a  carl>i>hydrate  Hubstance  which 
mluces  Fehling*B  sidution  and  a  prnteid  which  as  before  if^  peptninsed. 
This  decomposition  only  takes  jdaee  slowly,  and  is  ]>ro!>al)ly  due  in 
great  part  to  the  feehle  hydrolytic  action  of  the  hydrochlnric  acid. 

The  caseiiiogen  of  nnlk  is  Hrst  cuii^ulatnl  Ijv  ihL'  action  of  the  rennin 
of  the  gastric  jiiice,  and  afterwards  the  iuhuluhle  cii*sein  formed  in  thia 
process  ifl  digested. 

Casein  is  broken  up  in  tlie  |m)eess  of  gastric  digestion  into  a  ]>roteid 
and  peendo-nuclein,  of  Avkich  the  furnier  is  changed  into  po]»tone,  while 
the  latter  m  thrown  out  as  an  hi8*dublc  preeipitate. 

This  precipitate  cuiTes[>oiids  to  the  dyspeptone  of  Meiss^neTi  and  has  been 
the  «iibject  of  a  considerable  amount  of  investigation,  Lubavin  ^  fuinid  that 
it  contained  inorganic  phosphorus,  and  iliut  it  is  a  niixtnre  of  whicli  iine  pari  is 
foluble  in  dilute  sodic  carbonate  (^^aXO.j),  while  the  utlver  is  insoluble.  The 
ioluble  part  contahis  4^6  per  cent,  of  pboKphorus,  and  is  piobably  identical 
with  Hoppe-Seyler's  nuclein,  Chilteudeii  ^'  and  niher,si?tate  tlmfc  dyspc[ttone  does 
ikOt  contain  much  phosphorus,  and  that  this  is  probably  jsresent  as  calcium 
phosphate,  dyspeptone  being  therefnrc  not  a  nuclcin  but  a  mLxtnre  of  calcium 
phosphate  with  a  hydration  product  of  casein,  C.  Wililcnow^^  tloes  not  hold 
with  this  view,  having  obtained  dyspeptone  which  contained  only  01 3 
per  ceoL  of  calcium,  and  3*85-4*66  per  cent,  of  phcspborus,  but  at^Tees  with 
Lubarin  that  the  precipitate  h  a  nuclcin,  E.  Salkowski^  ^vipjiorts  this  con- 
clusion ;  he  also  announces  that  on  prolonged  digestion  the  prei  ipitate 
redisBoIves  to  a  clear  Kolution,  part  of  tlje  phosifborua  being  split  off  as 
phoflphoric  acid,  and  part  remaining  in  organic  condanation  ([troltably  as 
ptmnucleic  acid).  Such  a  snluUon  can  be  broujirht  about,  according  hi 
Silkowski,  by  a  strong  pc[>tic  solution  within  forty-cigbt  hours. 

The  albuniinoitls  an  a  clasw  are  fsiirly  resistant  to  the  action  of 
digBtti ve  age  n  ts  ;  when  t  h  c y  1 1  re  1  j  m ke  n  u  j  1 ,  t  h  cy  y itd  d  ] » rod  u  ( t  s  c  h  »sel j 
tOflemhling  those  fund.shed  by  the  deconi[H»sitinn  of  the  true  ]»rtjteids. 

Collagen  is  said  U^  be  converted  into  itw  hyilrate  gelatin  more 
rapidly  by  the  action  of  pe]>sin  and  hy<lrncbIoric  acid  than  it.  would  be 
by  the  acid  alone ;  the  gelatin  thun  formed  is  then  acted  npon  by  the 
pepsin  and  hydrochloric  acid,  atnl  rapidly  loses  itn  chararleristic  property 
of  gelatinising  on  coiding.^  This  pbysicnl  rhiHige  is  the  visil^le  sign  of  a 
ehemieal  one,  by  which  the  g<^buiii  is  eon^ortcd  into  a  substance  called 
protogelatose ;  this  is  again  changed,  yielding  dcutcriigclatosc  ;  and  Hually 
izelatin  fjeptone  is  formed.*^  These  substances  resemble  tiie  correspomling 
compounds  of  proteitl  digestion,  the  gelatin  jjeptrme  being  ilistinguishetl 
from  the  other  two  iiroilucts  l)y  its  indift'ercnce  to  the  saturation  of  its 
wdutions  with  neutral  salts  and  by  its  ilitlVisilality.  ProLo^jebitose  is 
thrown  out  of  sohition  by  saturation  of  its  aeidilied  sohition  with  Hn<liuni 

^Mtd.'Chem,  U}\l^>^ttf}K,  Binlin,  ]s7l,  «.  ns:k 

^  Stmi,  Lab,  Phif^ioL  Chcm.^  New  Havin,  IS&O,  vol.  lii.  jj,  <i«j. 

*  Inaiig,  Diss,,  Bc-itj,  ISfHi. 

*€etUrMl.I  d,  m<jL  U'iixnt^^h.,  BerliJi,  WXl,  Nos.  23,  28;  Atch,/,  d.  ffes.  PhysiuL, 
Bonn,  3896,  Bd.  Xxnl  8.  401. 

*  J«  de  Bary,  ZLschn  /.  phif.ufif.  Chrm.,  StrasHburi^^,  is 'Mi,  S.  7.1  :  EtxiiirrtT,  Zta^kr,  f* 
Bid,  Mtinchen,  B<l.  x.  S.  84  ;  Ufrelnuuui,  Dn>f>ichcs  Anh,  f.  Uin,  MaL,  L«i|izig,  B^L  xx. 
S.  5S5. 

*  Ghittendea  and  Solley,  Jmtm.  Phi/si^J.^  Ctmlirltlir^Miinl  L.iinliJii,  1S1>1,  vol  \ii,  p.  23, 
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chloride,  while  deuterogelatose  is  only  precipitated  by  saturation  with 
ainmoniuui  sulphate.  Protogelatose  is  also  precipitated  by  platinic 
chloride,  while  deuterogelatose  is  not  so  precipitated. 

Collagen  is  not  attacked  by  pancreatic  juice  unless  it  has  been 
previously  boiled  with  water,  or  swollen  by  the  action  of  dilute  acids,  as 
it  normally  would  be  by  the  gastric  juice.^  This  result  is  confirmed  by 
the  observation  of  Ludwig  and  Ogata,  that  after  removal  of- the  stomach 
proteid  was  still  digested,  but  connective  tissue  was  not  attacked.  After 
such  ])reliminary  treatment  collagen  is  easily  converted  into  gelatin, 
and  tlie  after  course  of  events  closely  resembles  that  described  for 
pe])tic  digestion.  There  is  first  formed  protogelatose,  then  deutero- 
gelatose, and  finally  gelatin  peptone,  which  is  not  converted  by  any 
furtlior  action  of  trypsin  into  amido-acids.^  Trypsin  acts  so  easily  on 
gelatin,  and  de])rivcs  it  so  readily  of  its  power  of  gelatinising,  that  this 
has  been  recommended  by  Fermi  as  a  test  for  trypsin.^ 

The  decomposition  products  of  gelatin  have  been  long  known,  though  not 
with  the  exactitude  above  described.  GmeUn  showed  that  it  was  decom- 
posed ])y  superheated  steam  at  140^  C,  and  Hofmeister  *  obtained,  after  boil- 
ing with  water  in  1  per  cent,  sohition  for  thirty  hours,  two  cleavage  products 
which  lie  termed  semiglutin  and  semicollin ;  these  are  probably  identical  with 
proto-  and  deuterogelatose. 

Elastin  is  also  dissolved  by  pepsin  and  hydrochloric  acid,^  though 
with  moie  ditViculty  than  collagen.  The  ])roducts  of  the  peptic  digestion 
of  elastin  were  studied  by  Horl)aczewski,^  who  described  two  products 
which  he  called  hemielastin  and  elastin  peptone.  The  same  subject  has 
l)een  investi<:,'ated  more  recently  by  Chittenden  and  Hart,^  who  have 
sh(jwn  that  two  substances  are  formed  in  the  peptic  digestion  of  elastin, 
but  that  botli  these  substances  are  albumoses,  since  they  are  both  pre- 
cij)itated  by  saturation  of  their  solutions  with  ammonium  sulphate;  to 
these  substances  they  gave  the  names  of  ])rotoelastose  and  deutero- 
elastose.  The  former  is  j)recipitated  on  saturation  of  its  solution  with 
sodium  chloride,  while  the  latter  is  only  ])reci])itated  on  the  addition  of 
acetic  acid.  Klastin  is  also  directly  attacked  by  trypsin  and  dissolved, 
fcn'iiiin^  in  turn  proto-  and  deuteroelastoses  as  in  peptic  digestion,  but 
neillicr  in  ]»e])tic  or  Iryptic  dij^estion  is  then?  any  })e})tone  formed.^ 

^  Kwalfl    ;ni(l    Kulin<\    Vcrhnndl.   d.    natvi'h.-w^'d.    Vcr.   -.u   Hfiddbrrg,   1877,    X.   F., 
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THE  ABSORPTION  OF  CAEBOHYDKATES  AKI)  FROTEIBS. 

It  was  for  many  years  believed  tliat  the  abaorptinn  «jf  the  pruducts  of 
digestion  frrjm  t!ie  aliiiieiitury  canal  was  governed  by  exaetly  the  same 
physical  laws  as  determine  the  ]ms,s^ige  of  a  Hohition  and  it^  tlissolved 
constituents  thrnugh  an  inert  moiuluane,  but  tlie  accunudntion  of 
experimental  evidence  has  rendered  gueh  a  belief  no  lontrer  tenable* 
It  is  now  known  that  the  cells  wtiicli  line  tlie  aliraentaiy  canal  tiike  an 
ictive  part,  not  only  in  absorlung  the  materials  preparetl  for  tliem  by 
the  action  of  the  digestive  secretionn,  but  in  modifying  these  products 
in  various  ways  during  the  process. 

Before  the  laws  of  diffusion  of  solutiona  were  known,  the  process  of 
abeorption  by  the  columnar  cells  of  the  intestine  was  compared  by  Tiedemaiui 
and  Gmelin  (1820)  ^  t*>  that  of  gland  secretion*  After  the  cBtal>lishment  of  the 
kws  of  ditfiision,  attempts  were  made  to  apjily  them  in  explaniitif»n  of  abstirp- 
tion,  as  "well  as  of  other  similar  processes  in  the  hudy.  8uch  physical  views 
persisted  for  a  long  time,  until  it  was  shown  by  eom^hisive  expCTiments  that 
absorption,  like  these  other  processes,  docs  not  ohc}'  tlie  laws  of  pliysicnl 
diffusion,  but  is  selective  in  its  character  and  gnverued  in  sonic  subtle  way 
by  the  activity  of  the  cells  involved.  Our  modern  view  is  thus,  as  is  often 
the  case^  a  recurrence  to  an  older  theory ;  the  only  dillerenee  being  that  we 
have  a  somewhat  broader  experimerital  basis  on  which  to  build  it. 

The  cells  of  a  secreting  gland  take  up  certain  materials  from  the  lymph  in 
wbich  they  are  bathed,  and  from  these,  in  some  manner,  elaljorate  ceitain 
products  which  are  passerl  into  the  gland  lumen  as  a  secretion.  Simihuly,  the 
absorbing  cells  of  the  intestine  take  up  re r tain  products  of  dij.^cstiun  from 
the  intestinal  contents  by  which  they  are  bathed,  and  buihl  up  from  these 
eertoin  materials  which  pass  into  the  lymph.  8n  tliat  al>sur[ai<m  may  he 
regarded  as  a  kind  of  reversed  secretion. 

In  b<ith  c^ses  the  process  is  a  selective  one^  the  roustituents  ui  the  gland 
«cretioii  are  definite  in  their  nature,  in  many  eases  sppcilie,  and  are  prokibly 
formed  from  definite  constituents  of  the  lymph  taken  up  by  the  secreting  cell 
to  the  exclusion  of  others.  In  like  faslnou,  certain  materials  only  are  taken 
up  by  the  epithelial  absorbing  cell,  and  from  tliese  dchnitc  products  are 
formed  to  I>e  passed  into  the  lymph. 

That  absorption  is  a  selective  procens  and  rmt  one  nf  ]nircly  physical 
diffusion,  is  shown  by  the  following  observations: — 

1.  Certain  colloids  (<\^.  alkali  allumiin)  disnppear  fruni  the  intestine 
At  a  faiidy  rapid  rate,  even  in  tlie  conijdcte  absence  of  digestive 
eU2}-mes.^ 

2.  The  rate  of  absorption  from  the  intestine  of  various  dissolved 
substances  is  not  pro  port  i(Uial  to  tlieir  dilfusiun-cijefficients.  Sodium 
sulphate  is  much  more  ditlusible  than  giape-sugar,  but  when  a  solution 
containing  On  per  cent,  of  each  of  these  is  inj(*eted  into  the  intestine, 
the  sugar  disiLppears  nuich  more  rapiilly,  and  only  traces  u{  it  remnin 
at  a  time  when  the  greater  part  of  tlie  sodiiiui  Nuljdiate  is  still  left 


3.  The  rapidity  of  absorption  is  much  ^.^neater  than  am  be  accounted 

^Quoted  by  Heidcobain,   Atth.    f\   'L   ijrs.   Phmi<»L,  B<ii»ii,    1S88,   .Supf^    II*  ft,    IkL 

'See  form  of  absorption  of  i>roteiiJs,  p.  i^il 

'Euhnmnn,  Arch./,  d.  gtJs,  I'ky-^ioL,  Etoiui,  1887,  li-l.  xli.  S.  ilL 
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for,  on  the  bai^is        hysical  ditlumini  from  the  iiiteatiual  content©  to  thej 
lymph.^ 

4.  If  the  ^ll.sH^^l  oil  ^mjrlutjts  nf  (lij^a^Btioii  are  e^irrit^l  thnntgh  hj\ 
diffusion,  it  muist  \a  paBsively  in  a  diifiision  streiim  due  to  Halt  diffusion , 
their  own  difl'usive  x)wers  \m\\g  too  feeble  to  su pilose  they  are  csarrii^l  ] 
by  these.  Now,  no  only  w^mh!  such  a  streiiui  be  too  slow,  but,  in  sucli 
a  case,  the  arammt  »f  tiuid  ^dlit*h  nnmt  lie  absrtrbed  by  the  epitbelinl 
cells  would  be  eoor.  loug.  Therb  ia  at  tlie  height  of  prnteid  digestion^ 
even  in  an  animal  ritb  such  digestive  fxiwera  as  the  j)ig*  rarely  more 
than  2  per  cent  of  Ul)uinfjses  and  peptones  together  in  solution  in  the 
intestine,  and  ii^^uall}  nnit.'h  less.  If  it  lie  supposed  that  this  is  luismvely  - 
and  not  selectively  iibsurbed,  then  to  earry  100  grms.  of  digeisted  proteid  I 
out  of  the  inte8tnie*  i  ol  least,  and  probably  a  gi*eat 

deal  more,  woubl  be  j      le  digestion  of  starch,  only 

traces  of  sugar  are  )  time   in    the   intostine,   and 

generally  it  ma}^  be  %.  ©kes  place  from  very  dilute 

solution.     There  is  ii  tt  such  enormous  quantities 

of  fluid  are  thnnvn  ij  5  digestion,  to  be  afterwartlfl 

absorbed   front    it,   ai  3  concluded    tliat   dif?&olved 

substances    are    not  >y   their    SLilutiona    passing 

unchanged  into  the  1 

Seat  of  absorptit.  5  iie  8ubgtanc^es  Ijogius  in  tlm 

stomach,*  but  the  mt       ^        ^  rtce  in  the  intestine.     Water  L*! 

practically  not  absorbed  at  hh  i  ^tomach,^  while  alcohol  is  readily 

taken  up.  Tlu^  absnrptinn  of  enioral  liydrate  and  of  augiir  by  tlic? 
stomach  is  increased  by  tlio  presence  \\\  ah-ohol. 

Gastric  abHorjititin  is  said  tn  be  im-rea^eil  Ijy  greater  roncentiatron  of 
the  substance  tu  he  aliMoibed,  while  the  rever^se  holds  for  intestinal 
absorption.  X  satutiou  of  grape-sugar  is  mof^t  rapidly  absorbed  frotti 
the  intestine  wlien  ifcs  concentration  lies  at  O'o  per  cent, ;  afi  the 
concentration  increases  from  this  the  rate  of  absorption  dinunishes; 
while  the  rate  nf  al>S(irptioo  in  the  stomaeh  increases  up  to  a  concen- 
tration of  20  prr  etnit*  Aeeiuding  to  v.  Mcrijig,  all  foruLs  of  sugar  aro 
absorl)ed  in  the  stomacli  to  a  giesiter  i>r  less  extent.  Tlie  prnduete  of  pro- 
teid  digestion  on.'  sdsn  i>idbably  aijsorbed  toaslij^lit  extent  in  the  stoniack'^ 

Channels  of  absorption.— Tlje  new  materials  foriued  by  the  action 
of  the  intestin.i1  t'pillielial  r-elb  nn  tlic  absorbed  prodnets  of  daVestion, 
pass  (Hit  of  these  cells  into  the  lymphoid  tissue  of  the  villus  underlying 
them.  The  modified  carbohydrates  and  proteids  j>ass  in  solution  into 
the  lyin])li  wliich  bathes  the  tissue,  and  in  soluble  form  are  absorbed 
from  this  lymph  by  the  capillary  vessels  of  the  villus,  thus  passing 
directly  into  the  portal  circulation,  while  the  fats  leave  the  epithelial 
cells  as  fat  globules,  and  are  carried  as  such  past  the  capillary  network 
of  the  villus,  to  enter  tlie  lacteal  situated  hi  the  axis  of  the  villus.® 

*  H»'i<l«Mili;iiii,  Arcli.f.  d.  r/rs.  Physiol.,  lionu,  18S8,  Snpp.  Heft,  Hd.  xHii.  S.  70. 
-  See  Bu.srli,    Virchotrs  Archiv,    ISaS,   B<1.   xiv.   S.    171  ;   Tappeiner,  /tschr.  f.   Biol.^ 

MiiiK^hen.  18S0,  VA.  xvi.  S.  497  ;  v.  Anrep,  Arch.  f.  Amit.  u.  Physiol.,  Leipzig,  ISSl, 
S.  501:  Mcade-Suiitli,  ihi<l.,  Loipzic;,  1884,  S.  481';  v.  Meiiii;,',  VcrhaiuU.  d.  C&ng.  /. 
m/iere  JAv/.,  Wicslmdcn,  1893;  Ccniralhl.  f.  77/ ?/.v/o/.,  Leipzig  u.  Wien,  1893,  Bd.  viii. 
S.  ly62. 

^  Edkins,  Jonni.  PJufsird.,  Cambridge  and  London,  1892,  vol.   xiii.   p.  445  ;  v.  Mering, 
loc.  cit.\  Gley  and  Uondcan,  Compt.  reiul.  Soc.  dc.  hioL,  Paris,  1893,  p.  516. 

*  Brand l/ZAsv/i?-./.  Biol,  Miinchen,  1802,  Hd.  xxix.  8.  277. 
-'  See  F.  Ilofmeister,  Zhrhr.  f.  2>h>/sioL  Cheni.,  Strji-ssbnrg,  1882,  Bd.  vi.  S.  69. 
^  See  "  Digestion  and  Al»sor[»tion  of  Fats,"  p.  457. 
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There  are  thim  two  chanuels  of  absorption  learliiig  to  the  syHteinic 
bK«xl  strei\m.  One  by  the  capillaries  nf  the  villius,  jiassing  through  the 
lirer;  the  other  by  the  kcteuls,  vifi  the  alHlduiiiud  lyiii]ihaties,  to  the 
thoracic  duct  leading  du*ectly  to  the  subclavian  vein. 

AbsorptUm  of  loafcr. — It  haB  been  sIkivvu  \>y  Heideiihain  *  that  hj 
iir  the  greater  nbare  of  the  water  abt^orbed  from  the  small  intestine 
k  taken  up  by  the  capiUaries  of  the  villus  and  not  by  the  lacteals. 
When  large  (|uantLties  of  dilute  saline  yuhition  (O-j  per  cent.)  are  injected 
iflto  the  small  intestine,  the  rate  of  lymph  tlow  in  the  tlioraeic  duct 
is  not  markedly  increased,  unless  so  much  mU  Holntion  is  injected  at  one 
time  that  the  intestine  becomes  fiu"cii>Iy  tlistendcd,  Zawilsky  *  also 
found  tliat  even  dming  active  fat  absnr[jtiuii  tliere  wan  no  great  irn'rease 
in  the  amount  of  lymjih  tiowing  from  Ihe  thoracic  duct;  the  lymph 
became  charged  with  an  exceedingly  line  emulsion  of  fat,  Init  was  not 
largely  inc reaped  in  quantity. 

The  considerable  absorption  of  water  which  commences  in  the  lower 
end  of  the  ileum,  and  goes  on  throughuut  the  entire  length  of  the  large 
intestine,  causing  the  tldn  chyme  iif  tlie  ui>per  ]iart  of  tlie  small  intestine 
to  bec3ome  semi-solitl,  ami  finally  to  assunie  the  cuiisiHtcncy  of  the  fares, 
is  also  canned  out  by  tlie  agency  of  <'aiiillary  blood  vessels,  st*  that 
practically  all  the  water  abstu'be<l  from  the  intestine  is  taken  up  by  the 
Mood  streani.  The  Idood  is  not  diluted  to  a  cnrre,s poinding  extent  in  the 
piooess;  in  fact,  even  with  the  absorption  of  an  excessive  amount  of 
water,  as  in  Heidenhains  experiments  aliove  qui  1  toil,  tho  composition  of 
Ibe  blood  is  httle  altered.  The  absorbed  water  in  such  a  case  of 
exoesfiive  al»sor]>tion  pasnes  at  firnt  into  the  lynqii  whicli  bathes  tlie 
feues,  to  be  afterwards  brought  anl  and  gradually  eliminated  by  the 
kiiueys  as  the  excels  in  the  blood  dinnnishes. 

Absorption  of  soluhk  eumfiiucHis,^ — All  tlmse  substances  vvhieli  leave 
Uie  epithelical  cell  in  solution,  are  also  carried  away  from  the  lymph 
moea  of  the  villus  by  the  capilLiries.*  This  has  I»een  shnwn  chietly  by 
okeervations  made  during  active  abs^trption  of  these  severed  ( nnstilucnts, 
<m  the  rate  of  How  in  the  thoraeie  ihu't,  the  constitution  f»f  the  lynqdi  so 
flowing,  and  the  etlects  of  ligjiture  uf  the  <luct  or  diversion  of  the  streiim 
to  the  exterior.  Dhect  analyses  of  the  hlfMKl  of  the  portal  ^ein,  as  com- 
pared with  the  systemic  blood,  do  not  yield  trnwlworthy  results  ;  partly 
because  of  the  ditticnlty  of  making  very  exact  deterininatiions  in  such  a 
complex  titiiil  as  blooil  serum  ;  still  m**re  liewiuse  of  the  very  small  change 
b  comjwsition  which  is  suthcient  to  account  for  the  carriage  ui  a  great 
weight  of  alisorbed  substance,  hy  reason  of  the  eopio\is  t1o%v  which  t^ikes 
plfu;©  through  the  ctiipillaries,  especially  when  active  digi^stion  is  in 
progress. 

If  a  niuTuda  be  inserted  int<>  the  up|M3r  end  of  the  thonicic  dnrt.  and 
fiu'  liite  f>f  How  of  the  lymj^h  stresun  measured,  as  well  as  the  amount  of 
proUid  cont^iined  therein,  neither  of  these  is  found  materially  to  alter, 
whether  the  anirnal  (dog)  be  fasting,  or  active  protei<l  digestion  l>e  going 

^ArtKf,  d.  ijes.  Phyai^,,    Bonn,  18SS>  Bupp,   Hi^ft,    U^l,  xliii.  S.   r^G  ;  ISI'4,  VA,  hi. 


*Arb.  a.  d.  pht/tiof.  Jn^^L  zu  Ln'pdfj,  187t>,  iJ^i.  xt.  S,  ML 
For  the  Absorption  of  fdts  an  J  fatty  acidsi,  st  e  |>.  4  1:J, 
Mt  b  often  stated  tlmt  an  the  fiissolvcd  inttstiinil  niutnnts  t 


I.  Rfo  so  fil>sfirl>CfI,  but  iff  as 
^rroWble,  fiit4  are  absorbed  in  soluble  form,  sucb  n  stitcinent  is  obv  lonely  iiMiurrtcK  Only 
*J<»<  cons  tit  uent»  which  i^niaiD  soluble,  ft/kr  the  urtioa  of  the  absorliing  (.:ells,  pass  into 
"i<^  fapiikries, 
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on.  This  could  obviously  not  be  the  case  if  any  apprecial)le  ]mrt  of  the 
])roteid  were  al)Sorbed  by  the  lacteals. 

A^^ain,  if  the  thoracic  duct  be  ligatured,  and  an  hour  after  the  opera- 
tion the  animal  (dog)  be  given  a  rich  meal  of  ])roteid  food,  al)sorption 
goes  on  in  a  normal  manner.  If  the  animal  be  killed  after  the  lapse  of 
al)out  forty-eiglit  hours,  it  will  be  found  that  all  the  proteid  has  been 
absorl)ed,  while  a  corresponding  amount  of  nitrogen  has  lieen  eliminated 
in  the  urine.^ 

A  similai'  proof  has  been  given  for  carbohydrate  absorption  by  the 
l)lood  vessels.  \\\  this  case  tlie  animal  is  fed  with  carbohydrate  food 
instead  of  ])r(>teid ;  and  the  amount  of  sugar  in  the  lymph  whicli  flows 
from  a  listula  of  tlie  thoracic  duct  is  estnnated.  The  percentage  of  sugar 
lies  between  OG  and  TO  j)er  thousand,  and  does  not  vary  in  the  least 
with  tlie  stjite  of  digestion,  this  Ijeing  tlie  usual  iiercentage  of  sugar 
found  in  lymph  or  blood  serum.- 

:V  direct  ])roof  has  also  been  given  of  the  absorption  of  sugar  by  the 
ca])illaries,  as  it  has  been  shown  tliat  on  injection  of  sugar  into  the 
intestine  the  percentage  of  sugar  in  the  ])ortal  vein  may  rise  as  high 
as  4  })er  1000,  while  in  a  fasting  condition  the  amount  of  sugar 
crmtained  in  the  blood  of  either  jxa'tal  or  hei>atic  veins  does  not  essentially 
diifer  from  that  in  the  blood  of  the  remainder  of  the  circulation.^ 

It  may  be  taken,  then,  that,  under  normal  conditions,  all  the  soluble 
constiiueiils  which  leave  the  e})ithelial  cell  are  taken  up  by  the  cai)illaries, 
lUit  when  excessive  absorf)tion  is  taking  ])lace,  as  when  large  ([uantities 
of  su^ai"  ill  concentrated  solution  are  injected  into  the  intestine,  tliis  is 
not  I  lie  case.  Heni  the  work  of  absor])tion  becomes  too  great  for  the 
ca]>illaiics,  a  jiart  of  the  dissolved  foodstulV  ])asses  the  region  of  their 
acti(»n  and  is  al»soi'bed  by  the  lacteals,  ])rol)ably  in  a  ])assive  fashion. 

Conditions  of  absorption  of  carbohydrates. —There  is  no  doubt 
tliat  a  (•niisi(lcral)lc  share  of  the  carbohydrate  food  is  taken  up  from 
\\w.  intestine  by  the  absorbing  cells  as  siiii])le  sugars  (mainly  a.s  dex- 
trose and  l.e\  ulnse),  otherwise  the  reason  of  the  ferment  actions  which 
have  lieeii  jiieviously  described  would  be  ditlicult  to  see.  l-5ut  we 
])(»ssess  no  exjteiimental  evidence  to  show  that  all  the  cai-bobydral(» 
is  absorbed  in  sucli  a  form.  Indeed,  it  is  probable  that  the  absorbing 
cells  ai-e  ca]»;ib]('  (.f  taking  u]>  not  only  sacchai-oses,  l)ut  even  colloidal 
c.irboliy. hates,  such  as  dextrin  and  starch,  and  converting  these  into 
sinijde  siiuais  before  turning  them  into  the  blood  stream. 

\\'e  lia\'e  already  s(,'en,  in  discussing  the  digestion  of  starch  and 
glyc<»Mrii,  that  it  is  impossible,  in  experiments  carried  out  in  ritrOy  to 
I'urllier  convei't  all  the  dextrin  formed  into  maltose  or  other  form  of 
sugai'.  Sheriilan  Lea's  ^  exjjcriments  show,  indeed,  that  the  ra])idity  of 
diastatic  action  is  much  increased  by  dialysis,  and  the  «juantity  of  d(*xtrin 
left  unclian^c(l  into  maltose  largely  diminished.  Lea  argues  from  this 
i-esull  that,  under  tlic  moi'c  t"a\onral»le  cfindilions  for  rcm<»\al  (»f  digestion 
|n-o(lu('ts  exist im:  in  natural  digestion,  the  comcrsion  of  dextrin  into 
midloso  may  become  C(im|ilctc.  ('oiiti'aiy  to  tliis  view,  there  is  the 
exjicricncc  of  Muscubis  and  (Jrubei".'  that  the  uncliangcMl  dextrin  remain- 
ing aftt-r  a  jiioloiiizcd  digestion  of  staich,  with  a  diastatic  ferment,  is  not 

'  S.'i.nii.ltMulli.  iiii.  .//•-•//.  /".  J,i,>f.  ,>.  /'//-/.s/-/.,  Lri[./ii:,  1877,  S.  '.10. 

-  \<.ii  M.iiii-.  >'nJ  .  1^;7.  S.  :;7i'. 

■'■  Joiir.i.  I'h'isn,/.,  ( ■.iiiiliiid^r,.  aii'l  l.<»ii(l(>n,  l'^l•o.  vn).  \i.  p.  'J'Jd  ;  seo  ai.so  i>j>.  o'l\  ami  ol'4. 
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(vmrertiWe  into  iiiivlti>se  by  n  I'lfsh  acltliiioii  of  dia.static  ferment  after 
cwmplete  removal  of  the  umltnse  intHttin/d  l»y  tlie  liiHt  ilij^estitnu  So 
tJiat  the  failing  of  the  ferment  to  eimvert  the  last  pitrtiuii  of  ilextriii  ill  to 
maltose  cannot  be  wiiully  thic  tn  the  Htop)M;^a*  of  itH  iietioii  by  the  presence 
(^exoesH  i>f  maltose. 

There  is  no  v^ery  evident  rea.sini  why  soluble  materials  like  tlie  ilex- 
triiwshouM  nnt  be  abftorbed  «,s  sneb  \^y  the  e|iilhelial  cellw.  The  arj^ument 
tiutt  rlextrin  is  nut  ilii-eetly  assimilable,  beruuse,  when  nijet  teil  snbeutaiie- 
ooaly  or  intnivenraialy,  it  is  eliminated  by  the  kiihieys,  is  nnt  vali«l  against 
iis  aWirption  a-B  dextrin  %  thr  rpitkriinl  aif.  Fur  there  is  iin  rriiKuii  tn 
MipfM^^e  that  the  cell  must  turn  it  into  the  lym]»b  in  exiietly  the  name 
form  in  which  it  takes  it  up  fr<im  the  intestine;  the  ehn rices  are,  in  fact, 
all  against  Biieh  a  supiMisition.  It  may  !>e  taken  jih  prul>able,  tlicn,  that 
the  digestive  enzymes  of  tlie  abuieutary  eanal  are  inn»]»Mble  of  con- 
verting all  t!ie  stari'h  of  the  fnorl  intn  maltose,  ami  hence  into  <le\trt*si_% 
and  tliat  a  i>ortion  is  absorbed  us  dextrin,  and  eliunged  into  something 
else  l>efrire  reaeliing  the  blood  stream. 

What  hii8  been  said  above  eoneeniing  dextrin  ap]>lies  also  tn  the 
ilouble  sugai^s.  Hie  intestinal  jniee,  as  we  have  seen,  cnntsnns  en/.yme8 
capable  of  e<jnverting  maltose  and  cane-sugar  intt*  simple  sugars,  and  it  is 
probable  that  such  a  ehange  iioes  take  plaee  tn  a  very  large  extent.  Still 
it  cannot  be  eoneludetl  that  tlie  double  sugars  nndergn  ni/z/y/A /r  efoi version 
before  ab8*>rptimL  Lactose  appears  not  to  be  acted  upon  by  any  of  the 
digestive  enzymes,  and  so  far  as  it  escapes  laetie  acid  fermentation  this 
d^nible  sugar  mu«t  be  al»s<>rbed  liy  the  epithelial  cell  unchanged.  Agnin, 
Brown  and  Heron  ^  found  that  the  dried  mucuis  membrane  fueled  much 
more  energetically  on  maltose  than  did  any  extract  of  it,  whi<di  tends  tt> 
ahow  tliat  this  action  takes  phiee  in  part  within  the  cell. 

Rohmann  -  has  also  .shown  that  nnt  only  sugar,  hut  even  stan-b  wulntion 
disappears  from  a  Tliiry-Vella  fistula  with  emisideraide  rajadity  ;  ami  as 
tlie  succua  eatericus  [Mjstiesses  only  an  exceedingly  feeble  ciiastatie  action 
oa  starch,  it  seems  that  here  the  starch  must  be  directly  bikcn  up  by  the 
intestinal  cell.  Snch  a  view  is  alsrt  .suppnrtcd  by  the  I'iict  tlint,  after 
removal  nf  the  pancreas,  the  secret  inn  (^f  which  uiu.st  inotbu'c  the  grenter 
}art  of  the  4liastatie  action  which  goes  on  within  the  intestine,  one-half 
V>  tliree-fonrths  of  the  starch  of  the  fo«Hl  i.s  still  ntiliseil.^  Under  normal 
wjditions,  however,  the  diastatie  eon  version  by  the  ]>ancreatie  juice  is  so 
nipid,that  it  is  very  imprnbahle  than  any  appreciable  jMirtiiin  nf  .starch  is 
al*sorhed  as  such, 

Fm-m  i?i  whkk  mrhokydrat*^  rravh  thf  hlvtid  sfrnjifL — ^1  hiring  active 
carliciliydrate  absorption,  traces  of  earbohydrales,  resembling  dextrin,  are 
said  to  he  present  in  the  bloarl  of  the  |H>rtal  vein,^  but  it  is  prohahle  that 
Tery  little  carbohytlrate  leaves  the  epithelial  cells  other  than  dextrose 
w  litvulose.  These  two  sugars  are  capable  of  direct  assimihitinn  after 
suljcntaneoua  injeetion,  and  of  forming  glycogen  in  the  liver,  but  no  such 
<lin*ct  assimilation  takes  place  in  the  case  of  cane-sugar  av  maltose. 

'  Ue.  cU.  '  Jrch.f.  d.  'jrjf.  PhtjHU..  Roiiii,  IS87»  Brl.  xn,  S.  41 L 

'Minkowflki  anil  Abeliiiaini  Onfl-HK-  Diss.,'  Doriat,  IhliO;  fV^/m/W.  /,  Phtmi/i,, 
t«l%  u,  Wieii,  ^m],  n^L  iv.  S.  522)  l'outi<i,  ritkT  torniik'ti'  oxtiiputhni  of  tin-  i«uiin*a,^, 
J"  iWjqttioij  of  :i7-71  per  neiit.  nf  j^Urch  ;  tln^  Ih'mUkt^  euvn/zniiui  \f't'ntra!hL/.  Phmiid.^ 
I^il«lf5  u.  Wicn,  1893,  B<1.  vii.  S.  217),  iinrler  Hke  tircum^^Uiices  an  al*nri>tioii  of  17  per 
wat 

^Otto,  Jahre^h,  U.  d.  Fortschr,  (t,  ThkrVkfAn,,  WksUdiTi,  1S88,  Btl.  xvii,  S.  13S  ; 
f  K«riitg«  Arek.f.  Amat.  ».  Phjsiol.,  Leipzig,  1877,  S*  41X 
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Ingestion  of  h  quaiititie.s  of  solution  of  sugar  leads  t<*  tint  app^r- 
ance  of  sugar  in  tno  arine  (aUmeutary  glycosuria),  due  to  the  afti^imilntion 
of  the  sugar  not  keeping  pace  wth  its  abaoi'ption.*  AbBoiption  it8elf 
is  also  disturbed  by  t  ja  appearance  of  diari-hcea.  But  when  earhohydi-aie 
is  introduced  into  the  alimentiiry  canal,  in  the  form  of  starch,  immeniKj 
quantities  can  be  rajiidly  and  coiupletely  absortK^d  witliout  any  glyeciamia 
or  other  disturbance  GOfsuing. 

Thus  Rubner*  fc  ind  that  i\  luaii  crmsimiing  a  daily  ration  of  508-070 
grms.  of  carbohydrat.-*  (ujutained  in  wheaten  bread,  left  unah,'?(irl*ed  tmly 
0*8-2*6  per  cent. ;  r»f  the  carbohydmte  t)f  jieas  (357-5S8  j^jtub,)  3*13-7^0  jrer 
cent,  was  unabsorl»ud;  and  of  potatoes  (718  gi-niH.)  7*0  per  cent.  This 
complete  absorption  and  utilitsiitioii  <^tf  c^irl^ohydiatu,  when  taken  in  the 
form  of  starch,  is  ]>rob  I  f  aBsimilation  and  tutorage  aw 

glycogen  in  the  liver,  l-  ^'*  iKice  with  that  of  abaorptiuii 

from  the  intestine. 

Conditions  of  a  i.— Tlie  power  jMjaBessed  by 

the  intestinal  cells  o  ems  of  proteid   affortls   one 

of    the    best    illustri  sesB    m    not    one    of    mere 

physical  diffusion.     1  Ipards  the  end  of  a  proteid 

digestion  in  vitro  arc  be  ]>roteitls  from  which  they 

originate  by  bemg  g  this  fatl  ^ncat  ini[M:irtance 

was  at  one  time  attr  Ci  thouglit  that  only  proteids 

in  a  diffusible  form  we.^  .^i        e  *rptJ0M,  and  hence  that  peptonifia- 

tion  was  m  all  c^Lsei?*  a  iiecesst  .eliniinaiy.      It  ia  now  ^enenillY 

admitted  that  many  formrt  of  native  pixjteid  aro  mjiable  of  entering  the 
epithelial  cells  witliuut  iirevioviH  change  by  dif^^estion  or  otherwise ;  and 
in  those  cases  in  which  a  jiroteid  it^  inejijitilde  of  dii^eet  abeoi-ption  a  much 
less  profound  change  tlian  peptonisiition  i^  eufhcient  to  render  it  go, 
namely,  conversion  into  acid  or  alkali  albumin.  Such  an  absorption  of 
soluble  proteid,  otlun'  tfiaii  allaiinoE^e  or  jin|>tonf',  takes  [ilaee  not  only  in 
the  siuall  intestme,  but  in  tljc  large  intebtiiif^,  ond  eveji  in  the  rectum. 

Voit  and  Bauer  -  uit«ired  ci  iuup  ul  small  intealiue  ul  Has  ixjiibciite  as 
com])letely  as  [)ossil)le  by  stroking,  and  separated  it  from  the  rest  of  the 
gut  by  doul)le  ligatures  at  each  end.  Various  forms  of  proteid,  in  solu- 
tions of  known  amount  and  strength,  were  then  injected  into  this  loop; 
tlic  intestine  was  replaced,  and  its  contents  examined  on  killing  the 
animal  (cat  or  dog)  some  hours  later.  It  was  found  that  variable  amounts 
of  these  |)roteids  had  disappeared ;  thus,  in  one  to  fom*  hoiu*8,  16—33  per 
cent,  of  white  of  egg  had  disappeared,  and  of  syntonin  from  ox  muscle 
28-95  ])er  cent.  It  might  be  supposed  that  the  portion  of  proteid  ab- 
sorljed  had  been  peptonised  by  traces  of  proteolytic  enzyme  which  might 
be  present  in  the  intestine;  but  m  the  unabsorbed  proteid  remaining  at 
the  end  of  the  ex])eriment,  no  albumose  or  pex:)tone  was  found.  Voit  and 
Bauer  also  injected  solutions  of  white  of  egg  and  sodium  chloride  into  the 
rectum  of  man  and  animals  in  a  fasting  condition,  and  found  a  marked 
inei'ease  (G  to  (S  giins.  in  24  hours)  in  tlie  amount  of  nitrogen  eliminated 
\)\  the  kidneys;  in  faet,  an  e([uilibrium  of  nitrogenous  metabolism  may 
even  l)e  maintained  in  this  way.  It  has  ]:>een  shown  by  Eichhoi*st,*  who 
confirms  these  results,  that  no  appreciable  amount  of  i)eptonisation  takes 

1  C.  Voit,  Ztschr.  f.  JiioL,  Miinchen,  1891,  Bd.  xxviii.  S.  245. 

-  Jhid.,  lid.  xix.  8.  4f>. 

•'//y/</.,  Bd.  V.  S.  f>62. 

^  Arch./,  d.  fjcs.  Physiol.,  Bonn,  1871,  Bd.  iv.  S.  570. 
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place  in  the  larjre  intestine.  Finally,  the  nlijec'tirni  that  tlu^  action  is  due 
to  tracer  of  eiiicymes,  ha»s  lieen  disponed  i^f  by  tho  ohservatums  nf  Czerny 
m\  Latscheiiherger,^  in  a  case  nf  a  fistula  situated  in  the  sij^niuid  Hexure. 
The  rectum  was  thnrn highly  washed  cmt  from  the  fistula,  yet  frnux  00-70 
per  cent,  of  the  injected  proteid  disap{>eared  in  2;V29  lioui.'^. 

Amimdahh  and  non-^isnjniinhk  proteiiis. — Some  furniH  <»f  |iryteid,  such 
as  alkali  albumin,  pre[>arcd  from  wlute  of  egg,  and  acid  allmniin,piepared 
from  muscle,  myosin,  tilnin,  or  white  nf  egg,  me  dirertly  assiuiilal>1e  ;  that 
is  to  say,  when  injected  into  the  hlood  stream  they  are  net  reumved  again 
by  the  kidneys;  othei's,  hucIi  as  tniehanged  white  nf  egg,  ciiseinngen,  and 
glutin,  are,  when  injected,  at  onee  excreted  hi  the  urine.  The  latter  forms 
must  therefore,  under  normal  eonditions,  be  changed  during  absorption, 
before  passing  into  tlie  blootl ;  but  when  excess  of  white  of  egg  is  present 
in  the  intestine,  absorption  oversteps  the  rate  at  which  tins  change  can 
lake  place,  and  a  portion  of  die  e^i^ii^  alLniniin  reaches  the  cireidation 
imchanged.  Under  these  cireunistanees,  this  ]M>rtion  is  promptly  re- 
moved  by  the  kidneys,  and  an  *' alimentary  albuminuria''  is  the  result, 
just  as  an  excessive  amount  of  sugar  in  the  intestine  tauduees  "  aliuientary 
glycosuria." 

Relative    amfmnfs    of   prok'uh   idiSinhtd    in    (Itjfnmt  fi/rms. — ^It    is 

evident,   then,   tliat   absfa"]itiini   can  take  place,  either  in  the  form  of 

albumcKse   or   peptone,  of  alkali  ur  aciil   idlanuin,  or  even  nccasionally 

in  that  of   native  proteid  ;  and  ibe  ([ucstinii   arises,  tu  what  extent  does 

absorption  take  place  under  nattnal  CDuJitiiuis  in  each  of  these  ditlerent 

forms?    Such  a  (|uestinn  is  exceedingly  tlithcult  to  answer  by  experiment. 

It  is  imixissible  to  d<*  so  exactly  by  uliscrvation  nf  the  amount  of  each 

form  of  proteid  ]>resent  in  the  intestinal  r-iudents  during  proteid  a1>s<>riH 

tion»  be<*ause  the  absori»tioii  is  sclci  tivr,  and  a  sul^stancc  present  (Uily  in 

traces  oiay  be  jiassing  out  (^f  the  intestine  ninre  rapidly  as  it  is  cnn- 

tinuously  formed  than  another  winch  is  jpresent  in  nnieh  larger  ([uantity, 

A  rough  estimate  of  the  relative  amounts  of  proteid  absfubed    as 

albamose  and  peptone,  and  that  abi>nrbed  in  other  forms,  may  be  cibtained 

frr>iii  analyses  of  the  intestinal  contents  durhig  lanteid  tligestiniL    Thus. 

Sohmidt-MUlheim-  examined  the  contents  nf  tlie  stnmach  and  iittestiuf^ 

it  varying  |>erio(is  during  digest  inn  nf  tlesh  in  dogs ;  lie  ft>und  that  the 

iwnoant  of  proteid  in  solution,  Itoth  in  the  stmnach  and  intestine,  was 

small  at  any  given  time,  btd  thai  the  nmrntnl  jtrntnt  m  tdhumo^e  ntiff  pi^kmc 

v^sitdways  mmeirhtd  fjrcakr  than  that  j^rcsnd  in  other  fornm.    When  it  is 

rt*memhered  that  all>umose  and  ]»e]itoue  arc  nbsnrbi'il   umn^  ra]>i(liy  than 

other  proteids,  this  poiids  tn  tlic  gicattu^  pai1  of  the  prntci<!  being  aljsurbed 

aRfilbumose  and  [jcptnne. 

It  is  not  known  with  certainty  tn  what  extent  amido-,H  ids  arc  formed 
from  proteids,  in  the  natural  (^nirse  of  intestinal  digestion.  The  experi- 
mental evidence  (*n  the  subje(!t  is  soniewliat  conllieting,  but  tlie  niajmity 
of  observ^ers  are  of  the  npirnrtn  that  but  little  |>njteid  is  absorbed  as  leucine 
ami  tyrosine,  being  nearly  all  absnrbed  as  albumnse  nr  pc]>tin]e,  or  even 
at  ii  still  earlier  sUige. 

The  only  pnsitive  evidence  as  to  the  formation  uf  bnicine  and  tyrnsLne 
in  natural  digestion,  rests  tai  the  anmunts  fr)uu<l  in  the  intestinal  contents 

^  VircAofP*t  ArrhiVt  1874j  BiL  lix.  S.  174  :  ace  also  ICunlrl,  Xtsrhr.  f.  k/in.  M'rf.,  Berlin, 
1^87.  Bd.  xi\.  S.  407  ;  Huber,   Iknlfchcs  Areh,  /.   KHn.  J/>//.,   rAnr";tit,',   1891,   UU.  xlvii. 

^Areh,/,  Anal.  u.  Physid,,  Leipzig,  1879,  S.  39. 
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during  jfr(ftL*iti  istioii.  Such  evitleiice  etm  only  give  a  reliable 
estimate  uf  tlie  au  juiit  formed  relatively  to  other  prott?id  prLtdiiets, 
when  the  rate  of  ak  orption  from  the  intestine  of  these  various  piodueta 
is  known. 

Kollikcr  ami  M  ller  ^  foiuid  only  niieroBCLFpic  traciis  of  leucine  and 
tyrosina  in  the  u{>])er  part  of  the  small  intestine  of  carnivorous  auiiuak, 
and  none  in  the  lowtr  part.  Kiilme  ^  siihjected  libriu  to  tryptic  digestion 
in  a  tie<l-ol1'  Itjup  of  intestine,  into  wliich  the  jnuierealic  duct  entered, 
and  subjected  the  lewidue  to  analyBia  after  four  hoiir^-  Leucine  and 
tyrosine  were  found  ajuong  llie  products,  luit  the  yield  wae  Hmall,  and, 
moreover,  tlie  conditions  in  bucIi  au  exijerinient  are  ruit  (juite  coniparalde 
to  those  of  natural  digestion,  Indeetl,  Kiihne  himself  thinks  it  prolKahle 
that  the  greater  \mi%     '    '        \\  '    "    '.n^'  raj>iilly  absorbed  esc'ai:>e.^ 

sucli  a  decooipoHition. 

SchinidtrMulheim^  i  ©Htionin  the  earaivora,  leucine 

and  tyros^^inc  are  eitiiej  te  in  sucli  Ramll  quantities  that 

their  absorption  is  of  r  e  as  a  meauti  of  removing  from 

the  alimciiL'iry  canal  k  of  nitrogen  derived  from  the 

proteid  foodstuilV, 

On  the  ritht-r  Imnd,  from  the  intestmal  t-ontents  of 

a  dog,  six  lioms  after  a  eh,  what  mu&t  be  regarded  as  a 

consideiablc  auiount  c  -  1  tliere  at  any  given  time  (jjar- 

ticularly  wbea  it  is  remt  n  ount  of  inte^Htinal  contents  in  the 

dog  at  any  given  uiomenrr,  eve         ri  /c  protcul  iligfstion,  m  very  scant}'), 

namely,  1  griiL  of  jnuv  leucine^  and  of  tyrosine.    Tlji^se  tigures  equal  the 

total  amounts  olktsiitialile  of  these  products  frani  TO  j^rm*^.  uf  dried  proteid,  and 
if  it  be  a-^.-umf^d  that  knzcine  and  tyroKino  are  absorbed  witli  a  rapidity  equal  to 
that  witli  wldtli  alhumoBes  are  t*ikeu  up^  iufihiate  tliat  a  ^ousklernhle  percentage 
of  protei^l  was  being  couverted  into  aint<lo  rti'ids,  and  absorbed  n$.  such. 

Tlie  relutive  amount  of  proteid  deuompused  in  tlie  intestine  into  amido- 
acids,  as  well  as  that  absorbed  in  the  various  other  forms,  probably  varies  within 
wide  limits  with  the  state  of  nutrition  of  the  animal  and  the  amount  of  proteid 
food.  It  is  |)ossible,  as  Foster  ^  states,  that  such  a  degradation  of  proteid  in 
the  intestiiH;  may  serve  as  a  safety-valve  to  the  economy,  diverting  from  the 
tissues  the  burden  of  an  often  unnecessarily  large  proteid  metabolism.  The 
waste  of  enerf^'y  to  the  animal  economy  caused  by  the  disintegration  of  proteid 
into  amido  acids  in  the  intestine  is  often  advanced  as  an  argument  against  the 
occurrence  uf  this  process  to  any  marked  extent.  Certainly  the  potential 
chemical  energy  of  the  proteid  is  lost  to  the  economy,  as  far  as  the  i^erformance 
of  some  forms  of  ])hysiological  work  is  concerned,  but  it  should  not  be  forgotten 
that  the  ioial  amount  of  energy  abstracted  by  the  animal  from  its  food  is 
measured  by  the  cliemic^l  form  in  which  it  enters  and  that  in  which  it  leaves 
the  body,  and  a  given  portion  of  proteid  entering  the  body  and  then  leaving  it 
as  urea,  water,  and  carbon  dioxide,  will  give  up  to  the  body  exactly  the  same 
store  of  energy,  ncj  matter  what  may  be  the  intermediate  steps  by  which  it  is 
reduced  from  one  form  to  the  other.  In  one  case  the  energy  is  set  free  in 
the  tissues,  in  tlie  other  in  the  intestine.  In  the  second  case,  the  heat 
set  free  ])y  clieniical  decomposition  is  communicated  to  the  intestine  and 
carried  oil'  by  the  circulating  l)Iood,  to  keep  up  the  temperature  of  the  body, 
thus  sparing  reserve  chemical  energy  which  would  otherwise  have  to  be  used 
for  this  purpose. 

'  J^erliand/.  (K  phys.-med.  Gesc/lsch.  zxt,  JVih-zlmrg,  185C.  BJ.  vi.  S.  499. 
-  Virchoir's  Archiv,  1807,  Hd.  xxxix.  S.  130.  '  ^ /.or.  cU. 

^  Jonrn.  r/nfsiol.,  (Jaiiiluid^^r  and  London,  1890,  vol.  xi.  ]».  2r>r>. 
■■'  ''Text-Hook  ol  IMiysiology,"  1889,  5th  edition,  part  ii.  p.  4/0. 
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Chtingcfi  in  albiritnfsf  ft  fit f  fit^phnr  dtiriitf/  ahsorption}  ~  Altliou^h 
shere  is  no  Jrml^t  tlmt  a  funsitlerahle,  if  not  the  greater  [wirt  of 
the  proteid  of  the  food  is  nljsoilieil  aa  alljiiiiiose  or  i>eptnne,  these 
fxKlie.^  are  uever  found  in  appreciable  aiuoiuit  in  the  hlofHl.  Sohmidt- 
Mulheim  ^  stuted  that  the  niaxiniuni  anioinit  in  serum  is  0*028  per  eent.; 
[nit  recent  ex^H^rinjents  liy  Xemneiwter^  have  j^^iven  an  alt(\uether 
Lt^'ative  result,  and,  aL'L'ordin^  Ut  tluH  (»hserver,  alhnniowcs  are  not  ]ne.sent 
at  all  in  hhnid,  t'tru  in  trmrs. 

Iiijec'ted  direi'tly  into  t!ie  hluod,  alhunioaes  and  pejitoue  are  treated 
br  the  organ isui  as  foreign  hodies;  they  are  not  assiniilahh?  proteide,  hut 
«re  promptly  excreted  l»y  the  kidneys,  unless  injeeted  iu  large  quiiutities,'* 
md  in  a  short  Lime  |>nietit^dly  all  the  jK^ptiuie  and  allannuse  injeeted  is 
fwuid  ill  the  urine,  while  not  a  trace  is  tn  ]>e  fiuind  in  tfie  i»lnod.^ 
Tliat  alhuniuse  and  peptone  are  fureign  sul (stances  m  the  hlood  stream, 
is  shown  not  *miy  Ijv  this  ra]iid  elimination,  hut  hy  tlie  fact  that  they 
possef^,  Ijesidea,  marked  loxie  properties,  and  e^iuse  the  death  of  the 
aninial  when  injected  in  larger  doses,  producing  an  immense  and  rapid 
fall  in  arterial  blood  pressure  ;  iu  addition,  tliey  ho  alter  the  nature 
of  the  hlood  that  on  drawing  it  from  the  vessels  it  no  longer  ciiagttlates, 
or  does  so  very  slowly.  These  results,  taken  in  cmijuriction  with  the 
faet  that  ritu^mal  urine  never  contains  alhunioses,  even  in  trac^es,  ]>rove 
that  the  alhnmoses  and  peptones  ahsorlied  fnun  the  alimentary  canal 
never  reach  t!ie  general  circulation  as  such,  luit  are  somewhere  on  their 
route  converted  into  other  suhstances  which  can  haiiolessly  enter  tlie 
circulation.  Positive  experiments  i>n  tlie  snhject  not  only  CfurHrm  this 
indirect  proof,  hut  clearly  indicate  that  the  change  takes  place  in  tlie 
lining  epithelial  cells. 

Seat  of  the  mot/ifieatlon  of  albttmosc  ami  /uptuitc  ilttriitfj  tthstirit/itui. — 
It  might  be  supposed  that  the  alhinuose  and  peptone  disaj^pcaretl  as 
Rueh  in  the  liver;  this  is  not,  however,  the  case.  Schmidt-Miilheim*' 
fninid  that  the  portal  vein  <luriug  proteid  digestion  f^nitaiiu-il  no  greater  a 
|>ercentage  of  these  bodies  than  the  arterial  blood,  and  Xeunieistei"  found 
diat  the  portal  vein,  while  a!>sor]jtton  uf  petitoue  was  gtang  on,  did  w\\, 
c:ontain  a  trace  of  this  material.  NcnmeisLer  also  <'irculated  d(*!ihrinattHt 
bloxh  to  which  lieptmu*  had  lieen  adiknl   thrntigh  a  liver  immediately 

'  In  many  tiftlje  |m[>er5*  rcJiTirMl  ti»  in  this  soi  ti<>ii,  '' iH|it(>n<' "  is  used  In  slmufy  vvliat 
would  to-day  t>f  L'iiUi'U  ki  iiiixhio  of  uiltiiuiiot^t'  and  (uptKiii*  ;  (liis  Ims  iiMiially  In  tti  hjiii^- 
Utc-d  I'V  aUifjm(j?*i>  arnl  neptoni^,  or  liv  filhiniioMf. 

^  jire^.  r.  Anut  u.  rhtjitmL,  UA\uh^,  1880,  H.  33.  See  liUu  llorinrister,  Atrh.  f.  if/wr. 
Palk.  u,  PharmakoL,  Leipzi^^  USA,  lid.   xix.  S.  17, 

^Zmhr.  f,  lii'vL,  MUinhf'ii,  18S!^,  Bd.  xxiv.  S.  277.  N^  iiifM  i^trr  f an^ld  tli.^  idood 
fponi  the  Parntid  in  iTiiiiiHtiiuin  f>xalate  to  ptiVinl  il^tliui^ ;  hikrd  by  sLakin;^  with  otlirr; 
removed  etlivT  :  suUiiratoil  vvitli  aninHmiuni  Jiul|diali';  Jiltrnd;  ri'ilncirj  liltrah-  ]>y  ivajior- 
itittg  to  II  smftll  Imlk^  tilt^^ring  fronj  time  Ut  tinu:  IVom  erriji?,  uf  rrystals  ;  uud  rr-Hfrd  in  thnil 
filtrate  for  albuiiios*fs  by  the  liiurrt  test  with  nei^ative  inhuUm.  Contod  experiineiUsslunvid 
lliat  even  a  tracu  of  alhumoj+e  uddetl  to  tlic  hloiul  intentionally  eosdd  he  msily  identififHl. 

*  When  large  amounts  are  iiijetted,  the  Idl  in  m  tibial  hluod  unssure  ia  *io  great  that 
•BCTfltitm  of  ariue  iij  a  rresteil.  Evnn  in  Mieh  ii  rasi^  the  aUninios**  doon  not  niiuiii!  in  tlio 
Uo«d,  but  pM«ei  into  the  lymph  (Shore,  Jmnn.  Phimof,,  Caitdjiitlge  and  London,  1890, 
Tol  xl  p.  5-49). 

*  Plug  citid  Gyergyai,  Arch.  J\  d.  tjca.  Phyy<iof.^  Uonn,  187'),  Ud,  x-  t^.  536;  IlofnipistiT^ 
ZUthr. /.  jihjfsioL  ^hem.,  Strinshnrpj,  1881^  M.  \\  S.  1:11  ;  Srlnnidt-Mtdtn  inu  Arfh,  f. 
Anat,  u.  Physiol.,  Leiiidg,  IHSO,  8.  ^3  ;  Fano,  ibid..  18 8 K  S,  'iSl  ;  Shore,  Jmtrn.  PhijM., 
Cjuiibridge  and  Loudon,  ISPO,  voL  \i.  }».  rj28.  A  similar  effect  foHoWH  suljeut^meou^ 
iajwttori  (Uofnieiwter,  lor.  cU.). 

^Arch,/.  Aruil.  u.  Phyni^l.,  Leip/ij^.  1880,  S.  '33. 

^  SUzunqsfi.  d,  phifs.-nted,  Oft^'Jisch.  ztf.  U'unhvrtf^  ISHO,  S,  f^j ;  Zfi*''fn\  f,  tti^d,^ 
Mdnchen,  1888,  M.  vi.  S.  287. 
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after  its  removal  from  the  body,  and  proved  that  the  peptone  remained 
unchanged.  Also,  when  a  small  quantity  of  peptone  or  albumose  was 
slowly  injected  into  a  mesenteric  vein,  this  was  not  assimilated,  but 
appeared  afterwards  in  the  urine,  showing  that  it  had  not  been  altered 
Ijy  the  liver.  Shore  ^  circulated  peptone  not  only  through  the  liver,  but 
through  the  spleen  also,  by  injecting  into  a  splenic  artery,  and  arrived  at 
similar  results ;  practically,  all  the  peptone  appeared  again  in  the  urine 
unchanged. 

These  results  show  that  the  albumose  and  peptone  do  not  even  enter 
the  portal  circulation  as  such;  the  only  remaining  place  where  they  can 
uudei'go  nioditiciiition  is  in  the  wall  of  the  intestine  itself,  and  the 
followiiij:^  cxperiuients  show  that  this  is  the  seat  of  change. 

Ludwitr  and  Salvioli  ^  separated  a  loop  of  intestine  in  the  dog  with 
the  .'ittachod  ])ortion  of  mesentery,  and  injected  a  gramme  of  albumose  and 
pe])t()ne  in  10  per  cent,  solution,  ligaturing  the  piece  of  intestine  at  l)Oth 
ends.  The  piece  of  isolated  intestine  was  maintained  alive  by  circulating 
through  it  warm  defibruiated  blood  diluted  with  normal  saline,  by  means 
of  a  cannula  inserted  into  that  branch  of  the  mesenteric  artery  which 
had  supplied  the  loop  (auastoniosing  arterial  branches  being  excluded  by 
ligatures),  the  Mood,  after  circulating,  flowing  away  by  the  corresponding 
branch  of  the  mesenteric  vein.  After  four  hoursof  perfusion  in  thismanner, 
the  piece  of  intestine  and  the  defibrinated  blood  having  been  all  the  time 
maintained  at  the  body  teni])erature,  the  remaining  contents  of  the  intes- 
tine and  the  circulating  iiuid  were  exannned  for  albumose.  The  intestine 
contained  about  half  a  grannne  of  coagulable  proteid,  and  only  traces  of 
all)uni(»sc,  while  the  defil>rinated  blorui  contained  no  albumose  whatever. 
Therefore  tlie  albumose  must  have  disapi>eare(l  in  the  intestinal  wall. 

llofnieister -^  investigated  the  organs  of  dogs  killed  during  protei<l 
di^^estion  as  to  their  content  of  al])um()se,  and  found  it  present  in  tlie 
mucosa  (only)  of  tlie  stomach  and  intestine, as  well  as  in  small  quantities 
in  the  ])l<»o(l,  and  in  four  out  of  ten  cases  in  the  spleen;  in  the  otluM* 
oi'L^aiis  il  was  entirely  al)sent.  lie  also  showed  experimentally  that  this 
alhuniosL'  underwent  a  ra])id  cliange. 

A  fresh  stomach  was  divided  into  twr>  syinnietrical  halves,  or  a  piece  of 
siimll  intestine  lnn;;itudinally  into  two  similar  pieces. 

The  surface  of  the  mucous  memhranc  was  washed  clean  with  saline,  then 
cue  <.f  tlie  tAvo  ]>ieces  in  each  case  was  thrown  immediately  into  boiling  water, 
wliile  the  otlier  was  similarly  treated  after  beinj:,'  first  kept  for  some  time  in  a 
mnist  chaiiiher  at  tO'  ('.  More  jieptone  was  always  found  in  the  first  piece 
than  in  the  second,  and  when  the  second  piece  had  been  kept  for  a  sufficient 
time  (1  tn  '1  liouis)  at  hody  temperature,  jirevi(>us  to  j>lacing  in  boiling  water,  it 
was  found  to  contain  no  albumose  whatviver.  In  another  experiment,  while 
one  piece  was  thiown,  as  hefore,  innnediately  into  ]»r»iling  water,  the  second  was 
thrown  for  some  minutes  into  water  at  00  (',,  and  then  k(^j)t  as  before  at  40^ 
(J.  for  two  hours  ;  the  result  now  ol»tained  was  that  hotli  pieces  contained  an 
e<iual  anioiint  of  alhumose.  Since  most  enzymes  would  not  ])e  affected  by  sucli 
a  preliminary  ti'eatnicnt,  while  livini^'  cells  would  l>e  destroyed,  this  indicates 
that  the  cells  of  the  mucosa  do  not  owe  their  activity  to  (!ontained  enzymes. 

^  Jo'irn.     /V'//>/n/.,    (';inil)rid.L'c   mul    London.    ISOO,   vol.    xj.   ]»,   o.')!*  ;    Virhandl.   il.    X. 
iufrrunt.  m<<K  «''•>}!']..  Wi-rWu,  l>i'l,  TmI.  ii.  Al-tJi.  '1,  S.  81. 

-  Arrli.  f.  A)w}.    II.  rirnai'J..  h<-i|./ii^r.  ISSO.  Sup]..   I'.uiid,  S.   112. 

^'  ZtsrJir.  f.  'jiliyslol.  f'l,>i/i.,   Str.is^lmrir.    ISs-J.    IM.   vi.  S.  r»l  ;   Avh.   f.   tjprr.  Path.   n. 
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Xemneister  ^  states  that  allnininR\s  ami  peptunes  ilifiwolved  in 
whipijed  blood  can  be  i^ banged  by  mer«  contact  witli  pieces  of  living 
intestine,  the  rapidity  ut  change  l>einL;  increased  wbeii  a  slow  ntream  i\i 
air  is  driven  throngti  the  ndxfcure,  sn  as  to  Ining  tbe  pieeew  of  intestine 
inUj  mpid  contact  with  dilFerent  jiortions  of  the  blorwl  and  allaunose. 

HofmeLHter-  oi^Rerved  a  conHitlemble  increa.se  in  the  nomher  of 
Jeucoortea  in  tlie  intestinal  wall  dnring  tligestion  of  proteids,  and  argued 
from  this  that  tbcBe  took  a  considorable  f^bare  in  protei<l  absorption  iind 
m  the  conversion  of  albnnioses  and  peptones  in  the  adenoid  tissue  of 
the  intestinal  wall,  anil  in  the  mesenteric  lynipbatics.  There  is  little 
experimental  gi-ounrl  for  belief  in  Buch  a  theory.  In  the  first  ]»lace, 
proteid  m  not  abHorbed  to  any  apineciable  extent  by  the  lynipbatics; 
aecondJy,  albunioeies  are  not  changed,  as  l{<»fnieistcr  ^  himself  lias  sbnwn, 
in  the  blood,  which  contains  jJenty  of  leucocyti^s:  thirdly,  Heiilcnbiiiii  ^ 
hafi  shown  that  the  amonnt  of  lencocytes  in  the  wall  of  the  intesline 
(and  the  amonnt  of  active  nntr>sis  in  these)  i.s  to(^  small  to  render  them 
idequate  for  sueli  a  purpose.  Finally,  Shore  ^  has  shown  tliat,  after 
slow  injeetion  of  a  small  anjount  of  i>cptone  ('049  grnis/)  into  a  lym- 
phatic of  the  hind-limb  in  a  ilog,  this  can  be  iletectod  ngain  in  tlu*  course 
of  twenty  minutes  in  the  chyle  flowing  from  a  fistula  nf  llio  tbcaacic 
duct,  shiiwing  that  it  has  traversed  the  lynqihatic  systcnt  nut  haugfd. 

All  these  exjierinients  go  to  prove  that  albuiuiises  and  p(!]ttones  are 
mrxUfied  during  their  pissage  through  tlie  epitlKdial  cells  by  the  action 
of  living  protoplasm.  What  Bubstances  are  fi^rnied  from  them  is  not 
known  by  direct  experiment,  but  it  is  Iiigbly  ]irobable  that  the  proct-ss 
ia  cme  of  conversion  backwards  into  co;iguhd>le  pr*»teid.  It  is  known 
that  C4:iagtilable  proteid  can  be  artificially  <fbtainrd  from  ]ie]>tou(*  and 
albumose,**  and  tiiat  albnmose  and  .sunie  forms  of  ]>ei>tiaie  used  ns  foods 
can  replace  coagulable  jmiteid  in  maintaining  nitrtjgcutius  tquilibrinnL 
Itisditficult  to  Kce  how  *such  n  result  v\\\\  \\v  attnineil  otlietwisi*  I  ban  by 
affirmation  of  coagulable  proteid  from  albmnose  anil  ]H']itouc, 

The  |iercent44ge  of  nny  proteid  fi»odstufr,  wbiib  iw  al)Sorbe<l  from  the 
alimentary  canal,  may  be  deduced  fairly  ;ii'iiir,itely  fmni  a  CMUiparison 
of  the  amount  of  nitrogen  in  the  food  with  thrit  nf  Mte  tirinc  \\\\i\  fanes 
wlien  such  a  fofxl  is  taken  into  the  systi-ni. 

Experiment  shows  t!iat  t fie  various  forms  t»f  pintoiJ  ;no  ittilisril  liy 
the  organism  in  widely  varying  degrees.  It  docs  not  n^^crssnrily  follow 
tliat  a  f rMjd  of  w  hirb  the  nitrogeuous  part  is  only  j^artially  iibs(frt>ed  in 
OH  that  account  ti»  be  despised  as  an  a<ljnnot  to  otlh-r  classes  of 
i]itn>geuous  food  ;  vegetable  proteid  is  absoibcd  mucb  more  imfiorfectly 
than  that  from  animal  sources;  but  vegctaMc  fond,  amungst  <4ber 
tilings,  is  vabiable  for  the  coiisistenfy  anil  bulk  it  gives  to  tlie  food, 

*  *•  Lehrbiicli  dfr  phvsiol.  fhen]./*  Ji-nu,  lSfl:S,  TI1,  1,  S.  2rjl  :  Zis*hr.  f.  JiioL, 
Mlmrbeo,  1890,  Brl  xxvi'i.  S.  :«L 

^Arch.f.  f^HT.  Path,  u.  PhanfHih'L,  tJjSf*,  Ui\.  xix.  S.  :r2  ;  1886,  Bd.  xx.  S.  291  ; 
1887,  Bd.  xxii,  is.  ;iO»j.  S<»c  aLno  I'oliL  ibitf.^  isss,  HA,  xxv.  S.  3]  ;  Hcidc-nliaiii,  Arc/*,  / 
4|«.  Fhjf^ol.,  HoTin,  1888,  Slip.  Hift,.  M,  xliiJ.  S.  72, 

'  Hofmeititer  {loc.  aLf  Bd.  xix.)  h  of  tint  M[fciiiioii  Ihnt  tlit!  iKuti^in  of  *^  [)i^|>toiic  "  which 
W believe*  euterd  the  bhjorl  tinrhangoi I  is  {onviit^il  in  tin'  tissue,  '*  [ii*[»t4iiK' "  hoiiif;  fuuntl 
during  dijf;e9tion  in  the  art*^ne,s  hnt  tM>t  in  thf  vfirin.  Th«»  j»res<'iir<'  of  any  allminoso  or 
peptoae,  eveu  tti  the  arteries,  is,  Aucordiii^  to  more  rccmit  oltscTwrs^,  liowever,  vrry  ilotiht- 

^Jaurn.  Pht/sifil.^  Cambridge  and  Loinloii^  l>*00j  voK  xi,  [i,  rir>3« 
*Seep.  400. 
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miud   L'i'iii   be    remove*  1    or 
eath  of  X\w  animal  ur  even 

x^riiy '  in  dngn;  one?  imima! 
for  Hvf  VLnirs;  in  Lhij  ef*ur«e 
ix-il  \a\  \\\\\Ui  u  iiMnmil  eon- 
ikLs  of  fiMul  It  WJLS  tiniilly 
O^^iiUi,  ami  Irlu*  iliH!M*t*Lion 
A  ihe  tnirdijjc  end  of  tlit*  sti»tiwieli 


and  for  tlie  meu       ical  gtimulation  its  presence  gives  to  the  intentiiiiil 
movement.^. 

The  Bit  mil  anioui  t  of  vegetalile  proteid  ahsorljeil,  conii>ttretl  with  that 
of  animal  jimteid,  is  in  jjait  tlue  to  the  envelope  of  indigi^tttilde  eellitlojM^ 
by  which  it  ih  sorrtj  mded,  in  part  to  the  shorter  stay  in  the  iuteHtine 
due  to  its  artii>n  in  c  aiming  ineii?a»ed  i*erifltalsis,  and  in  part  to  it3  tnvii 
less  digestible  ehavsv  ter 

The  poveentage  \  F  variouH  kinds  of  ]ilant  i»roteid  abaorbal  alBti  \arios 
considerably  ;  \^\\m  ti  e  proteids  of  some  legmninons  plants  and  eerealj^  are 
absorbed  nearly  as  perfectly  as  tboBe  of  animal  origin,  while  in  mo«t 
others  (potato,  lentil)  it  is  luntli  Ihfs  complete  (22  to  4K  per  e^uit.  less)* 
The  perc(.'ntage  of  the  Tntr(*^eu  uf  meat  or  egg  aj  spearing  opitn  in 
the  faeces  in  man,  onl  tt  '^  [ht  eent,^  tliut  "»f  milk  to 

6  to  12  pxT  i-ent. 

Consick-rable   trai;l 
thrown  out  of  action 
causing  seri<ais  impai 

Tlie  stiaiiach  waj 
was  preserved  alive  ai 
of  two  mojitliM  after  t 
dition,  and  at<%  digest 
killed  for  oxiiminatiN 
showed  that  uidy  a  ve 
remained. 

Ludwig  and  Ogata-  fartheT  investigated  the  coni'se  of  digeMion  and 
alxsorptioii  \vb<-n  gsuMtric  digeHtiua  is  exrhuled,  by  another  niethoil.  They 
made  a  fi^lubt  hoyuiul  the  pylortm  iwwX  inseited  into  the  beginning  ul  the 
duodenum  a  small  thin  robber  IrnlK  attaebed  tn  )i  rnl»ber  tube,  by  means 
of  wliich  it  c^add  be  distended  witii  wjiter  innler  j«"eHsure,  so  as  to 
oeelude  the  inteMtini'.  frraa  the  stomat'b.  In  this  way  gantrie  jniee  t'onld 
be  ])revented  from  entering  the  tbiodenvun,  iind  by  feeding  fruTu  tlie 
fistula  the  uHtrt  of  intestinal  dige.-^tion  aloae  bi^  Hludit^d.  l\w  ff»od  waw 
usually  (•om])Ietely  digested  and  absorbed,  and  the  tieces  presented  a 
normal  appearance,  llaw  meat  was  digested  much  more  efficiently  than 
boiled,  eoiineetive  tissue  was  not  so  completely  digested  as  in  normal 
dogs,  ])ut  nevertheless  two  injections  of  meat  per  diem  sufficed  to  keep 
the  animal  in  er|uilil)riuni. 

The  stomach  has  also  recently  been  removed  in  dogs  by  Y.  de  Fillipi,* 
who  found  no  (listurl)ance  in  metabolism  and  no  increase  in  intestinal 
t)uticfaction  in  s])ite  of  the  al)senee  of  hydrochloric  acid. 

The  same  ex|)erimenter  also  removed  in  a  bitch  T9  metres  of  the 
small  int(^stine  (almost  the  entire  length),  and  found  no  metabolic 
disturbanc(^  excejjt  that  the  absorption  of  fat  was  diminished  ;  the  animal 
lived,  and  afterwards  brought  up  a  litter  of  jaips  in  this  condition. 
The  autlioi-  suggests  that  the  large  intestine  here  vicariously  took  on  the 
absorptive  functions  of  the  small  intestine. 

Coni]>lete  or  partial  extir])ation  of  the  pancreas,  or  ligature  of  its 
duct,  causes  more  oi"  less  disturbance  of  [U'oteid  digestion  and  absorption, 
but  not  so  much  as  might  be  expected,  in  view  of  the  most  important 
proteolytic  function  of  the  secretion  of  this  gland. 

'  "  l><Mti;if,"'  z.  o|)enitivoii  Cliinirgie,"  Stutt;^.irt.  1878,  S.  141. 

-  Arch,  /'.'  Anat.  u.  PhifsloL,  Leip/i^',  1883,  8.  89. 

'^  IhHlsdiii  uuil.   Wrhmrhi.,  Lt'i|>/ig,  lvS91,  Nu.  40,  S.  780. 
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lliiikowski  aud  Abelniaiin^  fmiinl,  after  complete  rcninval  of  the 
gkiid  ill  ili»g8,  tljat  on  an  H\'erac^e  44  ]*er  t^eut.  of  |ii'otei(l  was  absorbed ; 
after  jiHrtial  reiooval,  54  per  rent  Tbo  ainniiiit  of  iiiisorption  was  mudi 
iucreaised  on  giving  raw  pane  rea^  with  the  h\<\A.  San<inieyer-  obtained 
BJuular  results.  On  removal  of  all  but  one-fiftli  to  one-foiirtli  of  tlie  ^rland 
jtlie  [Kirtiyii  remaining  tjehind  not  being  in  coiniiHinication  with  the 
intestine),  60  to  70  |)er  cent  of  proteid  was  still  absmbLMl,  ami,  on  adding 
I  supply  of  finely- mi  need  {>tineieaH  \a\  Lbi'  food,  tlie  abstnptitm  of  proteid 
beeiuae  almu»t  uurniaL 


DIGESTION  AND  ABSORPTION  01^  FATS. 

The  |mnere^tie  juice  is  the  only  digestive  secretion  whirb  contains  an 
enzyme  iiOBsessing  a  cheniical  action  on  ttu^  nentrsd  fats.^  This  action 
insists  in  splitting  the  fats  into  fatty  acids  and  glycerin;*  ami  may 
be  tiemonstrated  in  one  of  the  folbnving  ways  : — 

L  A  neutral  fat  ib  first  obtained, /\^.,  by  tliorougbly  nhukiiig  olive 
ail  with  Hodiuni  carlionale  solution  and  ether,  ]>ipctting  oiT  tlie  ethereal 
layer,  filtering  if  necessiiry,  and  finally  rd lowing  the  ether  to  eva|>orate, 
when  a  neutral  fat  is  left  l>eh]i]il  This  is  mixed  either  witli  fresli 
pancreatic  jniee,  or  an  extract  of  the  fresh  gbuid  ]nc]>aicd  iis  alreatiy 
deacriWd,  and  the  mixture,  after  being  coloured  bbtf  by  the  icldition 
of  litmus,  IB  placed  in  a  bath  at  37'  to  40"  C  Thr  alkalinr  ri-jiction  is 
seen  gradually  to  changt*  intu  an  acid  one. 

2.  Instead  of  adding  litmus,  irfter  the  mlxtoro  ui  noiilral  nil  and 
fianiTcatie  juice,  or  extract,  has  digt^stcil  fur  sonn'  timt'  Oialf  \u  two  fnmrs), 
NMliiim  carbonate  Bolntinn  is  added  (vvint  li  ciinvcrts  tbe  free  fatty  ariils 
formed  into  soajis),  and  the  unnttarkrd  fat  is  removed  by  repeated 
extraction  with  ether.  The  residue  is  next  tn-atod  with  dilute 
sulphuric  acid,  setting  free  again  the  fatty  acids,  whir  h  arc  extracted 
with  fresh  ether,  and  rec^overed  after  its  rernnval  by  t^vapnratiun. 

ti.  The  formation  of  free  fatty  aciil  may  br  also  <|oalitaHvi  ly  shown, 
by  removing  water  from  tliL*  fresh,  fimdy-di^  idcil  glaittl,  with  'JO  piM*  crnt. 
alcohol,  drying  it  witb  filter  paper,  and  tlien  rnvering  it  witb  a  m-ntral 
ethereal  solution  of  butter,  ol»tained  by  sliakiiig  u[>  ndlk  nr  i  ream  with 
ether  and  a  solution  of  caustic  so<la.  When  tins  material  is  kept  for  a 
short  time  at  '^7'  to  40  C,  a  ilistinct  iHli»nr  t»f  bntyi  icarid  ajipears  ;  and  if 
the  mixture  has  l>een  previonsly  rendi'r*'d  blue  by  lilmas,  this  tnrns  red, 

ForxQ  in  which  fats  are  absorbed  from  the  intestine. — Tlure  lias 
been  much  discussinn  as  to  the  (wtvni  t<j  ubich  tho  det'c>m]ii>sjtion 
of  the  fats  by  the  jiancrcatic  enzyme,  as  abovo  dtSLribod,  lakes  jilace 
III  the  intestine;  and  also  iis  to  the  snbsctjucnt  fato  in  the  intestine 
of  the  fatty  aciils  formed  therein.     Art  nn ling  to   the  virws   held   un 

*  **  Uiiljcr  die  Au.-iiiiit/un^  Oer  NahningHstulTiJ  imrli  raii<  reawc^Lirjuitiua,"  Ihiuiji^.  l*i>j?., 
IWt,  181*0:  JithrfHh.   ti.  ih  Forhihr.  tL  Thkr.Chm,,  W^k-Hbailori,  18ti0,  IJd.  xx.  S,  -Ifi. 

^Ztm-hr.I  Hwi,  Munrhcii,  l^Mt,  M.  xxxu  S.  :J5. 

'FaU  an*  s^aiJ  to  uiulergo  n  cMilain  iiiiKUirit  of  fU'roj)iinjsitioi]  inlu  fiitry  a^i'lfl  in  lla* 
*t«m4ch  iMarcet,  /'n^r,  Jimj.  »Soc,  Lttnf/frii,  1S^8»  vol.  ix.  [».  30»t ;  Cna^li,  Arch.  f.  Afmt.  it. 
f^mol,,  Leipzig,  1880,  S.  :Wi\;  the  uKHse  of  this  dtn  oniposition  is  viukiioun,  \>ni  it  is 
prubahty  bacterial  during  tint  tltsi  hta^p  of  ga.Htric  ili|("'.siki]i. 

*BernanJ,    VornpL  tcm/.   Acntl,  d.  w,,    rjiii.%  t*niu'  xxviii.  ;  Arch.  it>'n.  d*    ifnYL,  Tariw^ 

tomt  iL   p.    256.      For   the  chtiuieal   equations  rcpiisriitiii^  such  a  di'LOiapusilioii,   sec 
ChmiMry  of  the  Fats,  p.  1!». 
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these  subjects  by  different  experimenters,  various  theories  have  been 
])ropoundecl  as  to  the  form  in  which  fats  leave  the  intestine.  Tliese 
theories  may  be  divided  into  two  classes — (a)  Those  in  which  it  is  held 
that  the  fats  are  absorbed  in  particulate  form,  as  emulsified  fats  or 
fatty  acids ;  {b)  those  in  which  it  is  held  that  the  fats  are  absorbed  in 
solution  as  fatty  acids  or  as  soaps. 

Emvhification. — All  fat  or  oil  which  has  not  been  specially 
neutralised  contains  a  sliglit  amount  of  free  fatty  acid.  On  long 
standing  in  contact  with  air,  the  amount  of  this  fatty  acid  is  increased, 
probably  by  bacterial  action;  when  this  proceeds  beyond  a  certain 
limit,  the  fat  is  said  to  become  rancid. 

If  such  a  rancid  oil,  or  fat  melted  by  gently  warming,  be  briskly 
shaken  u])  with  a  solution  of  an  alkaline  carbonate  {e.g.  a  0'25  per  cent. 
solution  of  sodium  car])onate),  it  becomes  suspended  permanently  in  the 
alkaline  solution  in  the  form  of  very  mmute  particles  or  globules, 
and  so  forms  what  is  known  as  a  permanent  enmlsion.  But  if  the 
rancid  oil  Ije  previously  Ciirefully  neutralised  {e.g.  by  mechanically 
shaking  for  some  hours  with  a  saturated  solution  of  barium  hydrate 
at  95'  C,  an<l  then  ])i petting  ofF),^  no  amount  of  shaking  with  a  solution 
of  an  alkaline  carbonate  afterwards  will  cause  it  to  yield  a  i)ermanent 
emulsion :  the  fluid  on  standing  will  quickly  settle  into  two  distinct 
layers.  Xeilher  can  a  lasting  emulsion  l)e  obtained  by  shaking  up  a 
rancid  oil  or  fat  with  distilled  or  acid  water;  some  free  fatty  acid  and 
sonic  alkali  must  be  simultaneously  present.  In  other  words,  the 
necessary  conditions  for  the  formation  of  a  soa])  must  be  Sfitistied.^ 

Einiilsififiini  ad  ion.  of  aJkalinc  Halln  and  bile. — Attention  was  first 
drawn  to  the  action  of  alkaline  salts  in  ])romoting  emulsion  by  Marcet^ 
in  ISoT:  tin's  auth(>r  investigated  the  cUcct  of  l)oth  disodic  phosphate 
and  of  bile  on  fatty  acids  and  on  neutral  fats:  his  results  have  not 
()btaine(l,  vwn  in  Knglish  text-books,  the  attention  they  deserve,  and 
seem  in  ]»;nt  to  have  Ijcconie  forgotten.  The  results  with  l)ile  and 
fatty  acids  liave  an  imp(a1ant  l)earing  on  more  recent  resciirches,  to  be 
su])se(jnenll}'  descriljcd,  and  f(»r  this  reason  are  here  (juoted  at  length. 

l)istMlic  ])li(»s|)liate,  ''when  mixed  with  pure  stearic  and  niargaric  acids 
pre]>;ii('il  from  >heei)'s  fat,  and  heated,  produced  a  perfect  emulsion,  resembling 
milk  ;  on  rouliiiLr,  a  siil)stanco  solidified,  consistiiiL,^  nf  fatty  acids  with  more  or 
h'ss  soda,  f<oap,  and  a  small  (piantity  of  i)hosphate  of  soda;  therefore  the 
format i(Hi  of  tlie  emulsion  had  Ix'eii  attendcjl  with  tliat  of  a  small  proportion 
of  soap.  A\'hrn  nriifnd  fats  wei'e  heated,  suspended  in  a  solution  of  })hospliate 
of  soda,  j/o  '  hiiiUinii  orrjLrri'l ;  the  fats  fused,  and,  on  cooling,  soliditied  imder 
the  f<»rm  of  a  hard  cake;  the  wai'm  mixture,  althou<^di  strongly  shaken,  was 
not  coiiveit<Ml  into  an  enndsiou,  l)ut  the  minutely  divided  globules  of  fat  rose 
to  tlic  surface,  uuitinir  with  each  other,  an<l  soliditied  on  cooling;  the  fluitl 
remained  jx-rfc'tly  clear. 

"The  next  subject  for  in(pn'ry  was  to  determine  whether  Inlc  exerts 
a  similar  action  on  fatty  acids  and  neutral  fats.  On  heating  and  agitatin-,' 
gently  a   luixtiire   of   fresh   sheei)"s   Itile   and   fatty  acid  (margaric,  stearic,  and 

'  Kii-htni.].  Journ.  rhysloK,  ( 'aiul.ri.l.i:<*  and  Lou,]. ,11.  l^'.H,  vol.  xii.  p.  73. 

-  Only  tonnalioii  of  "  .nliticial  ounilsiuiis,""  if  tli'*  ••xiuf^sioii  may  Ix*  ns..l,  from  raiitid 
(•ils  is  rcf.Mic.l  to  liHi-,.  ;  it  wiil  li.-  srrii  latrr  iliat  a  )>;in<  icatic  ciiuilsion  can  lie  Ibniied  and 
ptM.sist  in  piTscn-f  uf.iii  n   id  inaction  due  !<•  tattv  a'-i-ls. 

•'  i'nn,i,t.  rr,nl.  S'T.  ih  ho>l..  Paris,  ]>:,7.  p.  VM  :  I',-,.,'.  I'oi/.  Soc.  Lumlim,  1S5S,  vnl.  ix. 
1>.  :i<M;  :  M'-/.   Tiai'S  <nid  (r":..,  i.on.loii.    IS.'.^.    N.  S..  vol.  wii.   p.  '10\K     The  extracts  are 

t..l-..,.     fr..r„     tl,,.    l.,.t    ,M,^f..<1      T..MV,,ol 
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itleic  acids),  prepared  from  sheep's  fat,  as  suon  as  ffnj  fatfer  haff  hefjnn  fusing  it 
diioppearedt  an*i  jhiallf/  the  whole  0/  the  /aft  f/  arid  uas  itissuhx'J  ;  on  wt^iiidmg, 
liowever,  it  was  observeil  that  a  wry  few  1  xtrmuely  uiimik*  ^'lobule^  of  fat  ruse  to 
the  ^urfiice.  As  soow  as  tliu  mixture  luvtl  b^e  11  allowed  to  become  colih^r  than  the 
temperattire  of  fusion  of  the  fatty  ne'uh,  it  ii.s.siime(l  a  tuvhid  appearance 
llmrughout,  whieh  ^^radually  increased,  the  fluid  becoming  white  and  milky, 
sHgbtly  coloured  by  the  bih* ;  hnally,  if  the  fat  pret^ent  was  in  sulTi^^ient 
proportion,  the  whole  mass  was  eonvcrtetl  into  a  semifluid  paste^  posse-ssed  of 
alight  green  colour,  and  adhering'  so  stronj^ly  to  tlie  sides  ttf  the  vessel  that  it 
ccwild  be  turned  xipside  down  without  letting  out  iUs  contents. 

*'0n  diluting  tliis  remarkable  emubion  witli  waU'P,  its  consistency  only 
waa  altered,  becoming  thinner,  but  no  tlecompusitioii  occurred  ;  on  heating 
the  diluted  mass,  the  emulsinn  was  dissolved  ;  it  disappeared,  but  m>  globules 
of  fat  could  be  seen  tloating  on  the  surface  beyond  the  few  minute  specks 
preriouslj  mentioned,  Ilesides  thiw  physieal  :iclitin  of  bile  on  fatty  acids,  the 
phenomenon  was  accompanied  by  a  chemieai  det:om])osition ;  for  the  bile, 
which  was  neutral  or  slightly  alkaline  before  the  experiment,  had  become 
ftrongly  acid  after  being  treated  with  the  fatty  acid. 

**An  experiment  was  now  instituted  to  determine  whether  a  similar 
phenomenon  takes  place  wdien  bile  and  urntral  futa  are  mixed  togetlier. 
Indeed,  it  wan  hitherto  generally  admitted  tliat  f»ile  had  no  actiiin  on  neutral 
fttai  The  results  of  my  okservationt?  cordirin  this  view,  for  in  no  case  could  I 
raoceed  in  obtaining  an  emulsioji  and  chemical  deeoit][*osiLion,  by  heating  bile 
with  pure  sheep's  fat  or  with  oil,  having  a  mjutral  reaction  ^  on  agitating  the 
hot  mixture  the  glubules  of  fat  were  broken  u\\  but  mu  stamling  they  rose  to 
the  surface,  the  bile  being  unaltered  in  its  uppearance  and  reaction.  Gonee- 
(juently,  bile  exerts  no  action  on  neutral  fats." 

Since  tbcsc  expcriinLMits  of  Mureet,  many  obsi/rvevs  tiavt;  busiot! 
themiselves  with  tlieimturf  anil  uiode  of  tViruialicni  of  einulsinns.^ 

Briii-'ke  found  that  the  |>re«enee  of  u  cM-.'rtaiii  anioiinl  of  free  fatty  acid 
^08  guttieieut  to  etniilsify  the  remaining  neutral  fat,  tiinl  stated  tjjat  the 
|>ron.sion  of  a  Hufbeiont  anion  tit  of  free  fatty  aeiil  to  eintilsify  the  resb 
mis  imdjaldy  the  chief  fun*"iion  nf  the  fat-splitting  pif»]a'rty  ttf  the  paii- 
creatie  juice.  He  obtained  eniulsion  td  fats  containing  fatty  uvuh  with 
(lilute^l  egj<  albumin,  with  bile,  and  eHperially  with  HolnticniH  of  Bodinm 
carlK>nate  and  of  borax.  Gad  ili.Heovercd  spontamjon^  emulsiou,  and 
carried  out  exact  experiuientB  on  the  mo8t  favourable  comlitious  Un'  the 
formation  of  em ulnions.  A  H]>outaiieons  emulsion  im^aiis  the  fm^mation 
of  a  pernjanent  emulsion  without  ajiy  ioeeli;tnieal  assistanr^e  l>y  .shaking; 
such  as  occurs  when  a  drop  of  oil  eoniatning  a  suflKJcnt  ]M'?r'(  tdage  of 
free  fatty  acid  (5-7  per  eent.)  is  plaeod  mt  nu  rdkrdino  sobitio?i  of  suit- 
able strength  (]  per  cent,  sodium  carbonate). 

The  following  are  the  main  conditions  which  inllnence  Iho  formation 
'>fK|)on  tan  eons  emulsions,  according  U*  fJail : — 

1.  The  yiuwer  of  different  fats  to  iV^rm  eiuulsirHis  by  contael  with  tlie 
same  fluid  dojiendB  (a)  on  tho  anmuiit  of  frer'  fatty  aeiil  in  the  fat,  (h)  on 
the  aolul>Llity  of  the  soaps  hMined  fiuiu  thi  >o  fatty  acitls,  (*•)  on  tlie 
mmty  of  the  fat. 

2.  The  power  of   the  same   fat  Lo  form  emulsions  in  contact,  with 

*  Ruhnc,  *'  Phyaioh  Chem,,"  1866,  S.  121J ;  Rriirko,  Sifiun^f^h.  d.  k.  Jhul  ,1  il'i'isntsrh., 
Wieii,  1870,  Bd.  Ixi.  Alith.  2,  S.  362  ;  J,  Steinor,  Jrch,/.  Awft.  u,  HtifRu^L,  hcir/ig,  1S74, 
S.2JJ«;  J,  Gad,  iMd,,  1878,  S.  181  ;  G.  <aiincke,  Arrh.  f\  d.  ,jcs,  rhimo/.,  Huiiii,  187H,  liih 
m,  8.  129  I  T.  Trey,  Arch,/,  Anat  ic,  PhtjHiol.^  Leipzig,  1881,  S.  ^82  ;  l{ji.lifunl,  Jvum, 
/^yfiof,,  Cambridge  aad  London,  1S1>1,  vol.  xiL  p.  72. 


446         CHEMISTR  Y  OF  THE  DIGESTIVE  PROCESSES, 

dittereut  Hiiida  dei)euds  (a)  on  the  degree  of  alkalinity  of  the  fluid,  (fe)  on 
their  cheiuicul  composition,  m  so  far  as  this  influences  the  solubility  of 
the  8oa])S  formed. 

3.  The  maximum  of  (quantity  and  quality  of  emulsion  formed  coin- 
cides with  those  conditions  under  which  no  formation  of  a  membrane 
can  he  demonstrated.^ 

There  has  been  much  discussion  as  to  the  factors  at  work  in  the  formation 
and  conservation  of  emulsions.  Briicke  was  of  the  opinion  that  it  was  the 
dissolved  soaj)  which  conferred  on  the  solution  the  power  of  holding  the 
globules  aj)art,  after  they  had  been  mechanically  formed  in  it.  Gad  supposed 
that  the  breakiii,^  uj)  of  the  globules  into  smaller  ones  was  due  to  a  want  of 
correspondence^  of  the  rate  of  solution  and  dillusion  of  the  soap  formed  into 
the  outer  solution  with  the  rate  of  diirusion  of  fatty  acids  towards  the  sur- 
face of  the  gloljule.  In  case  fatty  acid  difl'uses  from  the  inner  part  of  the  fat 
globule  towards  the  common  surface  of  oil  globule  and  solution  more  quickly 
than  it  can  be  dissolved  by  the  solution,  a  film  or  membrane  of  soap  will  form 
around  the  globule.  This  film  will  not  form  at  all  parts  of  the  globule  equally, 
and  this  will  give  rise  to  amoeba-like  movements  (due  to  differences  in  surface 
tension).'-  Gad  also  supposes  that  the  ultimate  microscopic  globules  are  sur- 
rounded by  soap  films  which  keep  them  from  coalescing. 

Quincke  attributes  the  formation  of  the  emulsion  to  the  differences  in  sur- 
face tension  produced  by  the  formation  of  a  soap  solution  round  the  globule  ; 
and  he  also  assumes  the  existence  of  films  of  soap  (solid  or  in  solution)  around 
the  ultimate  oil  globules  in  the  emulsion,  which  have  the  property  of  keeping 
the  glo])ules  from  coalescing. 

There  is  no  doubt  that  soaj)  formation  is  an  accompaniment  to  the  forma- 
ti(m  of  an  emulsion  of  raiK^d  oil  in  an  alkaline  solution,  and  it  is  easy  to  see 
how  the  formation  of  such  a  soaj)  film,  at  accidentally  varying  rapidity,  at 
•liflercnt  jnunts  on  the  surface  of  a  globule  of  oil,  will  cause  variations  in 
surface  tension  at  these  points,  and  so  cause  the  oil  globule  following  the  soap 
film  which  covers  it,  to  be  drawn  out  into  various  shapes  and  split  up.  Such 
surface  tension  phenomena  may  be  observed  when  two  liquids  which  mix, 
such  as  alcohol  aud  water,  are  brought  together.  More  mixing  takes  place  at 
one  ])(»int  than  another:  as  a  conseipience,  th(^  mutual  surface  tension  is  less  at 
one  point  than  another,  and  those  rapid,  streaming  movements  are  ])roduce<l 
wliicli  may  always  l)e  observe(l  wheu  alcohol  and  water  are  mixed.  Similarly, 
when  a  small  ])iece  of  a  substance  like  camphor  is  ])laced  on  water,  rajiid 
shooting  movements  take  ])lace,  due  to  an  accidentally  une([ual  solution  of  the 
substance  at  dillenMit  points  in  the  cir(mmferenc(%  and  consequently  varying 
surface  tension,  as  a  result  of  which  the  piece  of  camphor  is  rapidly  moved 
about  from  place  to  j>lace.  In  an  exactly  similar  maimer  a  globule  of  rancid 
oil  will  he  jtulled  a])out,  altered  in  shape,  and  broken  up  in  an  alkaline  solu- 
tion, from  accid<*ntal  variations  in  the  strength  of  soaj)  solution  at  different 
])oints  oil  it<  surface,  causing  variations  in  surface  tension  and  correspon<ling 
mr»venients. 

It  is  much  Tuoi-e  diflicult  to  see  how  any  fi-ntKin^'ul  tilm  of  insoluble  soap 
can  he  formed  round  the  ultimat(^  globules,  or  even  a  film  (»f  soaj)  solution  of 
difl'erent  (••jucriitratiou  from  the  re-t  of  the  menstruum  in  which  the  glo])ules 
lloat.  l-'rom  (iad's  conclusions,  il  >lionld  he  ol>.-erved  that  in  the  cases  wIktc 
emuNiou  takes  place  l)est  au«l  imt^l  (piicl^lv,  uo  .such  soaj>  iilni  can  be  observed, 
so  thai  this  >oa])  lilm  cainiot  he  exjterimenlally  demon-trate<l  ;  it  i<  merely  a 
theoreti<-al  thing,  devi>e(l  froui  the  suit])ose(l  utM^essity  of  having  something  to 
k«'ep  the  globules  from  coalescing..  A  ])roteid  mend)rane  surrounding  the  fat 
globules  in  milk  was  supposed  to  have  a  similar  otlice,  hut  microscopically  or 
'   /'/'/*'  inf)'<K  -  The  words  in  parenthesis  arc  adled. 
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olherw-ise  no  such  membrane  ran  Ijc  ilemonstratfil^  and  its  exbtence  is  very 
doubtful.  I 

A  cloud  is  an  cinuLsiuiii  an  eniiilsioii  of  water  |»arLii'ks  in  aii\  and  no  one 
has  ever  suj^pised  tljiit  the  wain'  jKvrtu.kti  are  snrnamded  by  niembrane.-^  wliidi 
^qi  them  apart.  Tin.*  |>rev(?ntiuii  of  coalescence  is  the  reMiU  t>f  tlie  aeti<ni  of 
'  venil  factors,  of  winch  onr  knuwjedge  is  not  yet  perfect.  L  One  such 
li'tcir  L^  the  niaju'nitude  of  tlie  suspt^nded  drops  ;  the  hii^^^rr  the  drops  the  more 
r4]ndJy  they  will  e^aiie  t'jgelher,  and  fall  (or  rise)  nut  of  solution. -  The  more 
nechatitcal  agitation  an  etnnUioji  is  given,  the  longer  it  will  persist  nnder 
ntltcrwiso  unfavourable  cireumslanres.  2.  Another  far  tor  is  the  viscosity  of 
the  menHtnuun  ;  the  greater  this  is  tlie  more  slowly  will  th*'  hnely-divided 
gbbiile»  be  able  to  move  through  the  fluid,  under  the  influenee  of  dillerencos 
in  gpeeific  gravity  or  njtitual  attra<'tii»n,  so  as  to  [►[lsh  out  of  solution  or 
cwilesi'e.  3,  Another  factor  is  the  roui]>arative  Hpeeifii*  gravities  of  the  fat 
and  iiieiistTUum.  4.  Still  another  is  the  nvulual  siirfaee  It-usiiin  between 
globule  and  njcnstruinn  ;  the  greater  this  is,  i\w  greater  will  he  the  tend- 
ency to  diminution  of  surfLiee,  and  hence  to  coalrstenee.  (hi  the  other 
hand,  if  the  mutual  surface  tension  were  zero,  the  two  llnids  would  mix  in  all 
pro|M>rti»»n8. 

It  has  lieen  objeetedj  by  thoj^c  who  believe  in  the  existenee  of  a  iilm  around 
the  fat  globules,  to  the  contenti^m  tbat  the  alteretl  nature  of  the  menstrnuiu  is 
Miflicient  to  account  for  the  jjerniatu-'ucy  (»f  the  euiulsituis  oldained  with  fats 
and  alkaline  soluitonsj  that  a  jiernianent  cuud.^^iou  cannot  he  ohtaijted  by 
Bliaking  up  neutral  fat  witli  a  soap  solutiMu.  lltil  tin*  con<litinns  in  tlie  two 
cues  are  essentially  dilhrent,  Central  fats  and  fatty  acids  nnx  to;^cther  in  a 
micid  fat  or  oil  in  all  pro|Hjrtinns.  When  surh  a  niixttire  is  sultniltted  to  the 
iction  of  alkali,  the  f^oa|i  f'^rinaliou  takes  phi* c  where  the  fiitty  ai'ids  are,  that 
ia^  intimately  mixed  wit!i  the  neutral  fat.  Hu  that  soap  is  formed  everywhere 
it  the  surface  of  the  mass,  and,  dissolving,  carries  away  (in  the  surface  tension 
diffusion  streams  above  deserilied)  the  intintatt'Iy  adniixetl  fat  from  the  nuiin 
mass  in  a  ^'ery  tinely  sulxliviiled  conditii>n.  If  the  pmper  couilitions  exist  in 
th<»iolution,  these  minute  fat  ijurti' les  will  not  coakv^ce  again,  Sueli  a  result 
i*  brought  alM»nt  by  tlie  viscosity  and  re+luction  in  surface  tension  which  the 
wiution  acquires  by  mCiins  of  the  dissolved  soap.  Ou  tlu*  other  hfuid,  when 
neiitral  fat  is  shaken  u|)  with  soap  sokUiiin,  no  h\u\\  fli^-integrating  agency 
comes  into  action,  and  the  only  thing  to  n  plarc  it  is  the  merhaiural  sul>divisiiin 
tlue  to  shaking.  As  v,  Frey  points  otit,  ihe  sntJilh-r  tbe  clijiuieter  tA  the  fat 
flnUdes,  the  greater  is  the  nu'clKiuieal  forrn  ni^  r^^yy  to  subdivide  (hem  ;  au'i 
it  ifi  prol»able  that  by  no  amount  u{  agitation  can  sn  Hni*  a  subilivisiou  be 
reached  as  is  naturally  att;iincd  by  the  fnrinatiou  of  the  soup  amongst  the  fat. 
By  very  pndonged  and  vigorous  agitation,  v.  Frey  has  obtained  ^Maechanica! 
fctnulnions*' of  very  considiTabh^  stability,  even  witli  neutral  fats  ami  watiT, 
The  very  fine  snlxli vision  i>f  the  fat,  and  the  increa-^ed  viM  i>sity  of  the  men- 
6tnmm  oeca^**ioned  by  the  tlissolved  ftoap,  are  hence  ipiite  sullicient  to  explain 
the  permanency  of  emulsions  of  rancid  oils  and  fats  in  ;dkaline  solution. 

Formufion  of  enntlsiittis  in  the  intistuft'. — Tlii'  loiiuation  (4  an 
moulsion  of  fats  in  the  intostine  was  alrcudy  known  to  Mboile  '  in  \H'M, 
but  WHH  tir«t  brougbt  into  jijnmineneo  by  the  classic  lesoaiehes  (*f 
Claude  liernard.*  Bernard  was  uMacipiaintcd  with  our  ruoderii  tbeoiies 
f f  the  formation  of  emulsion,  atid  did  nni  assficiate  tins  juncess  with 

'Seev.  Frey,  Jreh.  J\  Aimt.  u,  fiufsiol,,  I.eip/ig,  1881,  S.  aS*2  ;  Soxklrt.  l<uutivirihsch. 
^frtH€ksstal.,  I87tfc,  Bd.  xix. 

^^T.  Frey, /oc.  eit.  -  *  "  I'hyniulogit- d,  Verdnuung,"  WUr^liurjj,  1S34. 

*CWj«i.  rend*  Aead.  d.  sc.^  I*a»ia,  184&,  tmne  xxviii.  p.  2111 ;  An^h.  tjtv,  dr  m^d,^  PnriH, 
1510,  S^r.  4,  lome  lix.  i^  60;  **M'*Qioire  Hur  le  paucr^'^is/*  Pari»,  1856. 
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the  produetiuii  .  fcty  acid  by  pancreatic  jiiice,  although  he  waif  (Ik* 
discoverer  of  tliis  sa  onifjing  action.  He  sUite^s  that»  when  neutral  uil 
is  shaken  up  witli  ^lancreatie  juife,  an  iTmtantaneoifji  emulHioii  tjikes 
place;  and,  wecondlv,  when  neutrai  nil  m  auljmitted  to  the  prohn^jed 
action  of  pancreatie  jiiicej  fatty  acids  are  developed.  Bernard  con- 
sidered the  foimati''  of  emulwio!!  in  the  intestine  as  a  more  iniportant 
process  than  i^apni  matiuu,  tluu  tr*  a  ferment  aetion,  and  sjwiaks  of  a 
''ferment  emuhif"  It  m  now  certuirdy  known  that  fatty  acids  are 
always  formed  in  tht  inteRtine  aftei"  tlie  ingestion  of  fat,  but  an  emulsive 
ferment  is  no  longer  believed  in.  The  rapidity  of  fresh  pancreatic  juice 
in  forming  fatty  acid  is  lemarkable;  thus  K*ichford,^  in  very  favour- 
able cases,  IViund  that  a  sidHtMent  amount  of  fatty  acid  to  form  a  spon- 
taneous enuilHion  (5-5  il  d  ui  presence  of  bile  and 
hydrochloric:  acid  at  "H  ^  two  minuter  Tliis  very 
rapid  action  explains  t  irnar<l  fell* 

Pancreatic  juice   o  tut   fistula   haa   lesa    emiilaive 

power  than  that  from  is  also  poorer  in  pryteid,  anJ^ 

according  in  KQKne,^  i  i  not  depend  upon  the  silk  all, 

for  faintly  acid  juiee  i^  ulsion.     Minkowski  is  u{  the 

opinion   that    it   is  ehi  emulsiL'm   is  due,  Isa-sing  his 

opinion  on  the  observa  *  in  liis  laboratory,  that  obiter 

excision  of  the  pancreas  |  Ik  is  abi^^irbed  ;  unless  minced 

pancreatic  iUs\iL*  \m  tak<  k  ynen  other  fats  are  also  ab&jjfbed. 

These  observatioiu^  have  oeen         ir  .  Saiidmeyer.^ 

Some  observers  ^  Jiold  that  emuii^mcatiou  does  not  occur  at  all  inside  the 
intestine,  and  others  ^  state  that  a  considerable  amount  of  enmlsiti cation  tak«*js 
place,  but  that  the  givmulen  ctf  fat  in  the  emukion  are  not  nearly  so  small  as 
those  found  in  tlio  chyle, 

Cash^  ft nmd,  in  four  experiments  on  dogs,  that  there  was  no  emnlsiuti 
in  the  inte-^tine  during  active  fat  aWorption.  I^fwire  aud  Rockwood,®  in  six 
out  of  sixteen  experiments,  obtained  a  similar  result,  but  in  the  other  ten 
experiments  found  emulsions  in  the  intestine,  containing  fat  globules  of 
various  dimensions,  some  of  considerable  size,  but  many  exceedingly  minute. 
These  results  indicate  that  in  the  dog  at  least,  fats  can  be  broken  up  and 
absorbed  without  undergoing  previous  emulsification.  Still  it  should  be 
borne  in  mind  that  these  two  different  conditions  of  the  intestine  in  the 
dog  (luring  fat  absorption  may  be  phases  of  the  same  process.  The  contents 
of  tlie  stomarh  are  not  discharged  continuously  into  the  duodenum,  but  from 
time  to  time  the  pyloric  sphincter  is  relaxed,  and  a  portion  of  the  contents 
of  the  stomaiih  ejected.     It  may  well  be  that  the  condition  of  no  emulsion  is 

^  Jouni.  Physiol.,  Cambridge  and  London,  1891,  vol.  xii.  p.  92. 

-  The  stitciuent  that  the  fat-splitting  action  of  the  pancreatic  enzyme  is  very  slow,  and 
Ijence  tliat  i)r<>]»ably  only  a  small  percentage  of  fat  is  so  decomposed  in  the  intestine 
(see  Huiige,  "  Lehrliiich,"  AuH.  3,  S.  175),  undoubtedly  arises  from  roost  observers  using 
not  pancreatic  juice  but  pancreatic  extracts,  in  which  the  easily  decomposable  fat-splitting 
enzyme  was  only  present  in  traces.  Ilacliford's  results  with  j)ancreatic  juice  clearly  indicate 
that  the  pancreatic  secretion  is  capable  within  the  time  of  digostidn  of  a  fatty  meal  of 
decomposing  all  the  fat  into  fatty  acids  and  f^lycerin. 

3  "Lelirbncli  d.  i.liysiol.  Chem.,"  1SC8,  S.  122. 

•»  Inaug.  Diss.,  Dorput,  1890. 

^  Ztsrhr.f.  niol.^  Miincliei),  1895,  B<I.  xxxi.  S.  40. 

*^  Cash,  Ardi.  f.  AnaJ.  u.  J*hysiol,  Leipzig;,  1880,  8.  323;  Altmann  and  Krchl,  ibid.y 
1889,  Auat.  Abth.,  Suj)!).  Bd.  S.  80;  1890,  Anat.  Abth.,  S.  97. 

7  Ileidenhain,  Arrh.  f.  iL  (jcs.  Physiol.,  Bonn,  1888,  Supp.  Heft,  B<1.  xliii.  S.  88. 
Other  recent  observers  who  describe  an  emulsion  in  the  intestine  are,  Lebedcflf,  Arch.  f. 
Anat.  n.  Physiol.,  Leipzig,  1883,  S.  504  ;  Lcwin,  Arch.  f.  d.  yes.  Physiol.^  Bonn,  1896,  Bd. 
Ixiii.  S.  180. 

^  hoc.  cit.  ^  Journ.  Physiol.,  Cambridge  and  London,  1897,  vol.  xxi.  p.  74. 
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tlut  existing  ira mediately  after  such  a  discharge  from  tlie  stomauli^  while  tlie 
emidsion  condition  u  11  Jitter  stiige. 

In  whatever  fnrm  futs  may  be  absorbed  from  the  intestine,  Jt  is  certain 
tliAt  previous  i?mulsitieation  must  greatly  assist  the  digestive  Jiuids,  by 
iipoeiiig  an  infioitdy  gi-eatt  r  surfatre  to  their  action.  It  is  also  certiiin  that 
in  a  great  many  cases,  if  not  in  all,  previous  emulsiHcation  docH  take 
pboe. 

Etoulsioa  theories  of  fat  absorption, — ^It  wim  iur  a  long  lime  a 
popular  theory  that  imly  a  small  fiacli(Hi  of  fat  m  sjtlit  up  111  tlit;  i  lit  en- 
tine  intu  fatty  arid  and  glyt'erin  ;  and  that  hy  means  of  the  ^iiiall 
imount  of  acid  bo  formed,  aidt^d  hy  that  present  in  the  fat  as  it  leaves 
the  stomat'h,  the  remainder  of  the  fat  ia  etaiverted  into  a  tine  emnl- 
lioii  which  luiswea  aa  such  into  the  villi,  an<l  reaehen  the  eeritml  lacteal^ 
Such  a  statement  may  he  found  in  rnoHt  text-hooks,  hut  the  pronjresH  of 
recent  work  has  had  a  tendency  to  t^st  |L(rave  douhts  on  ilM  tinth,  and 
loshow  that,  at  least  as  a  general  statement,  it  in  erroneous.  The  theory 
does  not  rest  on  any  <lireet  ohserviition  of  the  amount  of  fat  which 
leaves  the  intestine  a.H  eninlsilied  fat,  cnuiiiared  with  that  which  leaves 
ib  in  other  fonuH,  bucIi  as  soap,  glycerin,  and  einidsihed  fatty  acids, 
— «uch  a  direct  observation,  in  the  present  state  of  our  knowledge,  is 
impoasible, — ^hut  on  indirect  evidence,  which  is  hrii?t1y  a.n  f(dk»ws: — 

1.  The  |>resence  of  a  very  small  ]icrcentage  of  fatty  acid  is  all  that 
is  necessary  in  ]ircsence  (*f  an  alkaline  sohitidii  to  perfectly  enuilsify 
neutral  fat. 

2*  This  small  amount  of  free  fatty  aeifl  can  readily  he  fnrni.shed  by 
the  action  of  the  pancreatic  enz\Tne  even  <ui  lu^utral  fats,  aial  to  aiil  tlna 
actiun  all  fats  eontuin  already  some  fatty  acid  nnxed  witli  tln.'U].  Tlie 
ilkaline  juices  ]>oured  into  tfie  inteatiiu'  nrc  capfthlc  of  supplying  the 
ftlkflh  necessary  for  emulHihccition. 

3,  When  an  animal  is  kilicil  during  active  fat  iligcstinn,  the  lacteals 
invariably  contain  a  wliite  milky  emuLsion,  c<jnsisting  mainly  of  neutral 
hte  with  a  flmall  percentage  (»f  alkaline  soajis. 

Therefore  the  nm.st  natnral  couclusimi  is  that  a  due  emnlsion  is 
foniied  in  the  intestine  which  |>asscs  in  some  manner  into  Hk*  laeteaL 
The  it^eiiter  part  of  the  fat  is  only  physically,  not  ( hemicaliy, 
altered  in  digestir>n,  and  pftsses  thnnigh  the  wluJe  process  as  a  ncutnil 
fat 

Tlie  weak  jM:jint  in  the  emnlsion  tlieory  of  al>sorijtion  always  was, 
bow  the  fat  globules  got  into  the  iidcrior  of  the  villus  and  made  their 
i^JiV  to  the  lacteal.  Although  the  fnt  griinnles  in  an  t^mulsiun  me  of 
iniri'oscopic  dimensicms,  tliey  are  still  laigi-  compared  lo  the  dissolved 
luolecules  of  seruin  or  e^'g  allaimiu  whii'h  are  unat»le  p>  pass  into  or  out 
^►f  the  intestine  throngli  the  eiiithelial  cells.  U"  fat  gniniilcs  ]iass  into 
tb  epithelial  cells  at  all,  it  must  therefore  he  iiy  mc:rns  of  a 
JpCKiial  kind  of  absorption  in  Indk  l»y  these  cells,  aial  net  hy  a  juoeess 
evea  of  selective  dillusion  from  snlntion.  Sueh  an  absorptimi  by  bulk  is 
*^ily  carried  out  by  a  cell  of  which  the  pmtnpbism  is  capsdile  of  free 
ciJiitniction,  such  as  the  anncbsi,  or  leucocytt^  lait  it  is  ditliciilt  to  coneeive 
huw  it  can  take  ]tlacc  with  a  fixed  cell,  Kuch  as  tliose  which  line  the 
intestine.  Impressed,  perliaps,  with  the  necessity  of  some  such  prt*to- 
plasmic  movement,  some  observei'a    have   Imiked   earnestly  for    [u-oto- 

^Tliia  tlieorv  was  first  Btatinl  by  fkaclcp,  Sr'hJtnftsh.  d.  k.   AlmL  d.   Wisstnsch.,  Wieu, 
im,  M.  Ul  Abth.  2,  a  362. 
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plasiiiic  processes  from  the  epithelial  cells,  and  one  or  two  ^  faudetl  thn 
lia^l  (tiscovered  such  a]t]vr?a;iiif'eK,  but  their  (d>sorvatioii8  huvf*  not  l»»^»*ti 
cuulirmetiaiidart;  iinduubtcdly  erroneoua.  If  the  t^pithohal  cells  of  the 
inteKtmo  possessed  the  powei*  of  absorbing  in  bulk  fat  granules,  there 
is  no  obvious  re^ison  wliy  otiier  foiid  particles,  such  as  granule*  o{ 
starch  or  proteid,  should  not  be  csiiiularly  absorbed,  but  no  gufh 
absorption  lian  ever  l>eeo  oliserved,  nor  are  they  cH[>able  of  absorbing 
finely  subdivided  granules  of  coloured  matter,  aueh  as  earmine. 

The  mucous  membrane  of  the  intestine  contains  an  immensie 
number  ef  lymph  cor])Useles.-  These  are  found  net  only  iji  the  hnupli- 
oid  nodules,  which  occur  so  aliundantly  as  Holitary  glands  and  Peyeret 
patches,  but  in  the  intestinal  villi,  even  between  the  ejiithelial  C(r11s,  when* 
they  may  approach  f|uite  cluse  to  the  free  surhiei*,and  abundantly  in  tht* 
adenoid  tissue  underlying  them.  Now,  such  lymph  corpiLscles  are  cajwibie 
of  enveloping  and  so  absorbing  fat  granules,  and  have  been  creditetl  with 
an  important  function  in  the  renjoval  of  fat  from  the  iiitestiue  by  so 
doing.  It  was  stated  by  Zawarykin  ^  that  when  fat  abs*>rption  is  going 
on,  fat  granules  are  to  be  found  unhj  in  these  lymphoid  cells  and  not  in 
the  cells  of  the  coluniimr  epithehum.  This  statement  is  undoubtedly 
erroneous,  bir  it  is  easy,  from  on  animal  killed  after  a  me^il  rich  in  fat^, 
to  obtain  sections  sliowing  the  cohunnar  cells  filled  with  fat  globules, 

"  During  active  fat  absorption,  especially  if  the  amount  of  fat  in  the 
ch}^me  is  relatively  large,  the  columnar  epithelial  cells  become  tiUed 
with  glol>ules  of  fjitty  matter.  These  glubides  are  tff  variable  size,  and 
may  occur  in  all  jjarts  of  the  cell,  but  they  are  generally  largest  in  the 
part  between  the  nuch^us  and  the  tlnckened  border,  and  are  often  qtiite 
small  near  the  attached  end  of  the  cell/'  * 

It  is  evident,  then,  that  the  greater  jmrt  of  the  fat,  if  not  the  whole 
of  it.  must  be  absorbed  by  the  epithelial  cells  from  the  integtine.  It 
is  also  very  improbable  that  these  cells  take  up  the  fat  in  the  form  nt 
an  enudsion.  As  has  already  been  stated,  the  structure  of  the  cell  t^ 
unsuitable  for  such  a  function,  arul,  in  addition,  fat  gi'anules  have  iicvej 
been  olmerved  in  the  broad  striated  I >ordin^  This  almost  amount*  lo  a 
demonstration  that  t!ie  fat  passes  tlirougb  the  border  of  the  cell  in  some 
soluble  form,  and  is  afterwards  thrown  down  in  a  pirticulate  furm,  astbc 
result  ijf  a  process  of  cell  metaljoUsm. 

Knudsion  thetnit's  of  fat  absorption  are  therefore  being  gradually 
replaced  by  theories  rd'  absorptiiui  in  solution.  These  theoriefl  nni»t 
next  be  discussed,  but  befme  doing  so  reference  may  be  made  to  anotlitf 
emulsion  theory  of  fat  absorption  introduced  by  MunL 

Thmry  of  L  Mvnk.  —  Munk^  ehoweil  that  fatty  acirls  can  be 
emulsified  under  exactly  the  mme  conditions  as  rancid  fats,  and  fin*t]>fi 
that  these  fatty  acids  are  cjipalde  of  absorption,  and  can  completely  Uike 
the  place  in  the  animal  economy  of  neutral  fats,  being  in  great  maaaiire 

^  V.  Thanh offor,  Arch.  f.  ±  gtA.  Physiol.,  Bonn,  1S74,  Bd.  viii.  S,  391  ;  FortauAli»«, 
ibiil.,  1877,  Bd.  xiv.  S.  28.'i. 

*  Thoai]  wandering  cells  ( ll'amlerzeUen)  were  iirst  described  a-*  occurring  in  the  epithbhoni 
by  Eberth  [H'iir-Jt.  meiL  Ztsthr,,  \%U,  S.  23);  Artistoin  iVirchmet  Jrchiv,  U67,  BA 
xxxt3t.  S.  537)  (ii-sl  nicntioiied  the  presences  of  fat  granules  in  them. 

'  Ardi.f.  d.  ifrs.  Physiol.,  Bohil  1883,  Bd.  xxxi.  S.  281. 

**  8ohafei\  JnUrncit,  Mrrnaisckr.  h  Anat.  v.  HUfoL^  Leipzig,  ISS.'i,  Bd,  ii.  S.  6, 

»  FfThand/.  d.  BuL  vud.  Gcselhch.,  March  1879  j  Arch,/.  Amtl,  »*.  PhyaiU.,  L(>t{»ift 
1879,  S.  nil  \  riirhoir's  Archiv,  1880,  Bd.  Ixxx.  8.  10;  ibid.,  1S84,  Bd.  xcv.  S.  409;  2Wf. 


/.  phvitiid.  Chrm.,  Strait  burg,  1885,  Bti,  ix-  S.  568;  Ardi.  /.  Anal,  ii*  Phyttiot.^  Lfipdgi 
1800,  8iip|>.  Bd.,  «.  138.     Sec  also  v.  AVnlth^r,  ibid,,  1890,  S.  829.  _^. 
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converteti  into  fats  somewhere  on  their  way  from  the  intestine  to  the 
thoracic  duct.  He  is  hence  rif  t\\v  opinion  that  in  the  normal  eoinse  of 
digestion  a  eonsiileniltle  l)ut  indetenninatc  amount  of  ffit  may  he 
iteorbed  iii  the  form  of  euiiilsitied  fatty  acids. 

Muiik*8  experiniental  results  as  to  the  altsurption  aiul  Hyntheeis 
daring  the  prucesa  of  ahaorption  nf  the  fatty  acids,  are  of  the  lughest 
importance ;  but  it  in  no  witse  follows  from  them  that  the  fatty  acids 
ire  absorbed  in  the  form  of  un  emulsion.  Such  a  theory  in  Huhject  to 
Uiemmc  objections  as  hiu'e  aljove  hcetj  urged  af^ainst  the  ulder  tlieory 
rf  aheorptiou  as  cmulsiticd  fats.  The  fntty  aeids  are  ]»rol>ably  t^dvcn 
ip  from  the  intestine  by  tfic  epithelial  eclLs  in  some  mluhk  form,  and 
^thesised  to  neutral  fats  iu  these  eelly. 

Solution  theories   of  fat    absorption. —  T/if^ori/  of  ahmrption    cts 
it)a;K — One  *>f  the  UidSt  im])ori4inl  tfiet tries  of  fat  al)sorptinu  iu  soluble 
furm  is,  that  the  neutral  fats  are  split  up  Ijy  the  action  i»f  the  |winereatic 
mzyme  into  fatty  acids  and  glycerin,  that  the  fatty  acids  unite  with  a 
pan  of  the  alkali  of  the  intestiiuil  Kecretirtna  to  f<jrrji  alkaline  soaps 
ffliich  are  soluble  in  water,  and  that  the  alkidiue  soaps  and  (glycerin 
are  absorbed  in  solution  by  tfie  epitJielial  colls,  and  there  syuthcsised 
back  to   neutral   fats.     This  theory  is  supported  by   a  good  deal  of 
ex|x?rimental  evidence,     liadziejewski*  sliowed  that  alkaline  soap.s  were 
altwtrlied;  PerewTjznikolf/  that  a  mixture  of  alkaliue  snafj  and  glycerin 
was  absorbed  and  syiithesised  to  neutral  fat.     The  lacteaks  had  tluj  u.sual 
milky  appearance   seen  after   a   fatty  UR-al ;   microscopic  pre]>arationH, 
alaiued  with  08ndc  acid  and  with  alkanna,  shitwcd  in  tlic  tissue  of  the 
villi,  am^  in  the  tpithdial  celU,  fat  globules  of  vaiyiu^  size.     Will/^  work- 
ing under  OrliuhajTcn's  direction,  conilrmed  thei^e  results  hy  histiOogical 
observations   on   the    fn»tr;    further,   Jie   showed    that    Iho   prcst^nce   ui 
glycerin  was  unnecessary.     Will  made  twi^  kinds  \\\  experiments.     In 
one  he  fed    the  frogs,  which   liad   jireviuuHly   been    (lc]Kri\'ed  of  foofl, 
with  the  materials  to  be  te.stcd  ;  in  tlie  otliei\  he  iujeeted  thr^  nuit<U'ialH 
into  the  living  but  cut  out  intestine,  and   then  exnnnue<l  teased  spctu- 
mens  stained  witli  osmie  acid.     Iu  both  series  the  sanus  results  were 
obtained,  rai  feeding  with  a  mixture  of  pure  |jidmitic  acid  and  glyceiin, 
or  0!  i>otaasium   pahuitate  and  glycerin;  at    tlie   end    oi  twcuty-fnur 
bauTB  an  exaruinatiitu  i»f   the  vidi  sliowed  ii  fnrmaliou  nf  fat,  by  the. 
preaence  everywhere  of  large  distinct  fat  glubnles.     Injci-tinn  of  palmitic 
acid  alone  into  tlie  intestine  also  led  to  tlie  a])]K'arancc  (»f  fat  glojjulcs 
ia  the  epithelium,*  but  these  were  not  nearly  so  nuuierruis  uh  in  the 
cases   in    which    the    ]>alinitic    atutl    was    ndxo^l    with    glycerin*      As 
Salkowski    and  Muidc   Itad  shown    that  fatty  ^tcitls  vm\   bo   cumlsitied 
un<lcr  certain  conditions/^  Will  proeec<ls  tn  shnw  tb^it  tlii,s  vunXA  not  be 
llie  ease  in  his  experiments,  and  that  the  hit  glnbuh^s  hbckening  with 
oflittie  acid  in  the  epithelial  cells  are  not /V^v  latty  aci<].     TfiC  free  fatty 
acids  only  become  emulsitied  wlien  mi'lt^'d,  mid  ;is  pure  palmitic  acid 

^Vinhow'B  Archir,  1868,  UrJ.  xliii,  S.  'Ill  ;  1.H72,  Jtil.  Ivi.  8.  211. 

^am£mihl./,  tl  inrjL  IPls^imJi,,  l^filiii.  1S70.  S.  S^il. 

*Areh./.  d.  ges.  PfnjsioL,  Houii.  1 87V>,  liiL  xx.  S,  2.'.r..  Soo  also  v.  Krelil,  Jreh.  f. 
Ami,  u.  Plijfsifyf.,  U'ii^zig.  1H90,  Aniit.  AliUi,,  .S,  'jj, 

*ln  thuH  showing  tlie  fornuaion  ^»r  fat  tVum  fntly  u/hI  .luiii',  Will  aritiLipatrd  [.  Minsk, 
l^'Ut  to  Moiik  be]ijTjg»  th« merit  of  trlcarly  slimving  Ivom  thti  L-hLiiiicial  atund|Joiut  tliut  the 
I'lilJuii^iD,  (irnljably  the  epitUrlifil  cells,  ran  funiibli  tht-  ^lynrrin  ra«lirlc"  for  thf  aynthcHia 
«riiHjtml  lata  from  the  fatty  nciJs. 

^  SUiUJufitb.  fi.  Berl.  phjf»mh  Omdhi*h.,  M.in^b  lS7i*:  VirdtmcH  Archii}^  18H0,  IM.  Ixxx. 
This  was  %  re-discovery  of  a  fant  known  tu  iMarr*il  many  yeara  previouiily,  iiie  \u  444. 
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only  melts  at  62°  C,  such  a  thing  could  not  occur  in  the  frog's  intestine. 
Moreover,  a  microscopic  examination  of  the  intestinal  contents  at  the 
end  of  an  experiment  showed  only  amorphous  masses  of  fatty  acid  and  no 
emulsified  globules.  Will  concludes  that  the  fatty  acid  must  be  absorbed 
as  a  soap  and  not  as  an  emulsion. 

That  the  mucous  membrane  of  the  small  intestine  is  capable  of 
taking  part  in  such  a  synthetical  process,  is  shown  by  experiments  of 
Ewald,^  who  dried  the  mucous  membrane  of  a  dog's  intestine,  which  had 
been  killed  in  a  condition  of  hunger,  at  a  low  temperature  after  the 
method  introduced  by  Brown  and  Heron,^  and  showed  that  this  was 
capable  of  inducing  the  formation  of  neutral  fat,  from  a  mixture  in 
proper  [)roi)ortions  of  soap  and  glycerin. 

This  experiment  shows  that,  provided  glycerin  and  soap  are  formed 
in  the  intestine,  there  is  an  agency  provided  for  synthesising  them 
back  into  neutral  fats.  Let  us  next  consider  what  the  probabilities  are 
that  such  a  complete  decomposition,  into  fatty  acids  and  glycerin 
followed  by  solution  of  the  fatty  acids  as  alkaline  soaps,  takes  place  in 
the  intestine. 

The  idea  that  only  a  small  fraction  of  the  fats  is  decomposed  in 
the  alimentary  canal  into  fatty  acids  and  glycerin,  has  arisen  from 
re])etition  of  the  emulsion  theory  only,  and  not  from  any  experimental 
observation  of  lack  of  intensity  of  action  of  the  fat-splitting  ferment. 
Hoppc-Seyler^  found  that  most  of  the  fatty  matter  in  both  small  and 
large  intestine  was  composed  of  stearic  and  palmitic  acids  accompanied 
by  very  little  neutral  fat,  and  concludes  that  the  decomposition  into  the 
fatty  acids  and  glycerin  is  much  greater  than  is  usually  8upi)osed. 
Kachford*  states  that  pancreatic  juice  must  act  very  rapidly  on  fats, 
under  tlie  favourable  conditions  found  in  the  duodenum,  and  is  Ciipable, 
unless  checkiMl  or  retarded  in  some  manner,  of  splitting  all  the  fats  of 
the  food  into  fatty  acids  and  glycerin  in  the  time  required  for  intestinal 
digestion. 

It  may  IxM/oucluded,  then,  that  there  is  suflieient  fat-splitting  power 
])rovi(UMl  in  tlu;  intestine  for  the  complete  conversion  of  the  fats  into 
iVitty  acids :  and  it  has  been  already  pointed  out  that,  on  feeding  with 
fatty  acids  or  with  soa|)S,  these  are  absorbed,  aiid  converted  into  fats  in 
the  process.  It  only  remains  to  consider,  in  connection  with  the  vSoap 
theory,  whether,  in  the  natural  process  of  fat  digestion  and  absorption, 
it  is  prohahJe  that  the  fatty  acids  so  set  free  coml)ine  with  alkalies  to 
form  soaps,  or  wliether  they  are  a])sor])ed  in  some  other  soluble  form. 

It  has  been  olijected  to  the  theory  of  a])sorption  in  the  form  of 
S()a])s,  that  the  i*eaction  of  tlie  small  intestine  in  the  dog  during  fat 
ahsor|)tion  is  not  alkaline,  hut  acid  ;  that  soaps  cannot  persist  in 
])iesenee  ()f  an  aeid  reaction,  and  hence  that  fats  cannot  be  absorl>ed 
as  soaj>s. 

C.isli  '  inv<'sti,L,Mto(l  tlie  reaction  of  the  int(^stine  in  three  ex])orimeuts  <.n 
dole's,  iu  which  the  animals  were  feil  on  a  mixture  of  starch  and  fat,  and  iu 
tlin^e  similar  ex]»<'riment.s   in  wludi   tlie  animals  were  fed  on  fat  alon<'.      He 

^  Arrh.  f.    Anai.    u.  VhuMol.,  L.'ipzi,-;,    18S.3,  Siipp.    Txl.,    '•  l-'csts.lirirt   f.  (In    Hois-K.v- 
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ismA  the  reaction  of  the  mteatinal  contents  to  be  acid  all  tlic  way  from  pylorua 
tocscom. 

Taughan  Harley^  tested  the  reaction  of  the  upper  and  lower  lialvea  of 
the  small  intestifie,  and  of  the  large  intestine,  in  three  <higs  which  had  been 
fed  on  miUc,  and  found  that  the  rcvictiifn  w:is  acid  in  all  three  imrtions. 

3Ioore  and  Rockwoud- Jiave  recently  studied  the  reaction  of  the  intestine 
ID  the  dog  during  fat  absorption  t4>  diliereut  indic^itor^  cliosen  with  a  view 
to  determining,  oot  only  tlic  reaction,  but  also  the  character  of  the  acid??  or 
biseB  causing  that  reaction.  Tiic  indicat^jus  ui?ed  were  litmus  solntion^  niethyl- 
otange,  and  phenolphthalf  in.  The  reartion  to  litiiuis  of  the  ujiper  part  of  the 
imall  intestine  was  found  to  lie  acini,  changing  to  alkaline  at  a  s<>mewhat 
^•ariable  point,  situate  two-thirds  to  three-fourths  of  the  way  frtuii  pylorus  to 
caecanu  The  contents  of  tlie  large  intestine  are  coiuiMoidy  aciil  to  titinuH, 
while  the  reaction  of  the  contents  rd  the  cieciini  lies  interuKHlinte  between 
tluii  of  the  contents  of  the  ileum  and  tiiat  of  the  ei>ntejits  of  tlic  large  in- 
testine, and  may  bf  either  faifitly  idkuline  or  faintly  acid. 

The  reaction  at  the  [ly lorns,  and  for  some  distiince  below,  may  bo  nearly 
aeutral  or  even  faintly  akaline  to  liLmus ;  as  the  disUinee  below  the  pyloruH  ia 
izicreiifiedf  the  reaction  always  becomes  more  strnngly  arid  at  iirst,  then  lesa 
acid  again,  and  tinally  faintly  alkaline  at  the  limit  described  aliove.  On 
tiating  witJi  the  other  two  indicators,  it  was  found  that  tlie  reaction  Wiis 
fDfatmbly  alkaline  all  the  way  to  methyl  orange,  and  acid  all  the  way  to 
phenol  phthaliJin. 

These   results   seem   at   first   siglit    confusing   k\m\    runtrailir-Lory,    yet   a 
ceasidcration  of  the  proprties  of  the  uidicators  used,  not  i>nly  renders  them 
intelligible,  but  gives  an   ii]i|ication    as   t<>   tlie   nature   nl    the   substances  to 
vkleh  the  contents  of  the  intestine  during  fat  absorption  owe  their  reat^tions. 
All  oi^anic  indicator  only  reacts  to  an  acid  which  is  slruiiger  Lluin  the  acid 
which  it  itfielf  contains  in  its  molinnde  ;   to  a  weaker  a*  id  it  is  stable,  and 
hettce  shows  no  aciJ  reacti<>n;  and  in  case  the  weaker  aciil  is  present  as  a 
alt,  it  decomposes  that  salt  and  reacts  to  the  Ikisi^  with  which  it  was  ctini- 
bined,  giving  an   alkaline   rraction.       Now,   methyl  orange    is    a   very  stable, 
phenol phthalcin  m  vory  unstable,  indicatitr,  while  litmus  lies  internieiUate  be- 
tween the^e  two.      Mrthyborange  reacts  sharply  tn  the  inorganic  acidn,  less  so 
Vi  the  stronger  urganir  acids  such  as  acetic  arid,  and  ni>t  at  all  to  Crirbonic  acitl 
and  tlie  weaker  organic  acids,  including  stearic,  pahuitie,  and  oleic  acitls.     W'itli 
alkaline  salts  of  these  weaker  acids  {(rarbonates,  l)i(!aibonates,  and  tlie  snaps) 
it  gives  an  alkaline  reaetinn.     Phenol |ih lb al<  in  reacts  t^i  traces  of  the  weakest 
organic  acids,  and  to  carbonic  acid  ;  tn  noriual  stidium  carbonate  it  ia  alkaline; 
to  eo^liiim  biaulKJuate,  neutral ;  with  exti-^s  <»f  inrbonii-  avaA^  acid.     Litmus 
reacts  to  even  weak  organic  ac;ids,  but  thi^  reacti^ai  is  feeldi',  and  a  rnnsiderable 
excess  is  necessary  to  give  a  clear  reaction ;  to  carbonates  and  bicarbonates  of 
the  alkalies;,  it  is  alkaline. 

Tlie^e  conHideiatifjns  make  it  evident  that  tlie  acid  reaction  of  tlie 
upper  |xirt  ut  the  Binall  inteHtiiie  to  Jitiaus  during  fat  ubt^oiptiori  is  dne 
to  weak  organic  acids,  ]uobably  to  dissolved  acids  set  free  from  fats;^ 
while  the  alkaline  reaction  to  niethyl-oraiioe  aiii  (mly  be  due:  to  weak 
organic  acids  cumbiued  with  alkalies,  i.e.  iii  all  probability  to  dissolved 

Since  the  acid  reaction  of  the  intestine  during  fat  ubsorption  is  due 
to  weak  organic  acids,  the  contention  that  sn:t[>s  camiot  ho  |ircscnt  falls 
to  the  ground.     For  the  soaps  wouhl  lud  be  dec^oniposed  by  these  acids. 

An  objection,  and  ap|>arently  at  Iirst  sight  a  very  serious  one,  to 

^  Jrnirn.  PhijshtL^  Canil>rid^«'  niid  Luiidou,  l.SDr%  vtjl.  xviii.  ]}.  *2. 
^  Ibid.,  ISO 7,  vol.  xxi.  p.  b^,  '  Vitic  infm. 
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absorption  in  the  form  of  soaps,  is  that  urged  by  I.  Muuk,  namely,  the 
enormous  quantity  of  alkali  which  would  be  required  for  such  a  purpose. 
Munk  ^  reckons  that  to  so  combine  with  the  fatty  acids  of  200  grms.  of 
fat,  about  40  grms.  of  sodium  carbonate  (NaoCOg)  would  be  required. 
Now  a  dog  of  25  kilos,  can  easily  digest  from  200  to  350  grms.  of  fat 
in  twenty-four  hours.^  Supposmg  only  200  grms.  are  digested,  and  that 
all  this  is  absorl^ed  as  soaps  and  glycerin,  about  40  grms.  of  sodium 
carbonate  will  be  required  for  the  purpose ;  now  the  total  blood  only 
contains,  in  such  an  animal,  alkali  equivalent  to  6  grms.  of  NajCOg:  if 
the  other  flu  ids  of  the  body  be  supposed  to  contain  an  amount  of  alkali 
equivalent  tu  another  6  grms.  of  sodium  carbonate,  the  total  alkalinity  is 
equivalent  to  that  of  12  grms.  of  sodium  carbonate.^  Therefore,  to 
suffice  for  the  absorption  of  the  fatty  acids  as  soaps,  from  three  to  four 
times  the  total  alkali  of  the  body  must  pass  out  in  the  intestinal 
secretions,  and  be  reabsorbed  with  the  fatty  acids,  during  twenty-four 
hours.  This  is  obviously  impossible ;  therefore  the  fats  are  not  absorbed 
as  soa}»s  and  glycerin. 

This  objection  of  Munk  loses,  however,  most  of  its  weight,  when 
the  prol)al)le  processes  taking  place,  in  case  fats  are  absorbed  as  soaps 
and  glycerin,  and  synthesised  again  to  neutral  fats  in  the  epithelial 
cells,  are  carefully  considered.  In  tlie  synthesis  of  fat  from  soap  and 
glycerin  within  tlie  cell,  alkali  is  again  set  free  in  exactly  equal  amount 
to  that  in  which  it  was  used  up  in  the  intestine,  and  this  alkali  must  be 
got  rid  of  i)y  the  cell  in  some  manner.  Why  should  it  not  be  sent  back 
again  into  the  intestine,  and  act  as  a  carrier  to  a  fresh  quantity  of  fatty 
acid  as  soa})  into  the  cell  ?  In  such  a  fashion  a  very  small  amount  of 
alkali  would  suthce  to  explain  the  carriage  of  all  the  200  grms.  of  fat  as 
dissolved  soap  and  dissolved  glycerin  into  the  epithelial  cells. 

It  nii^ht  possibly  be  further  objected  that  soaps  are  only  present  in 
small  (juantity  in  the  intestinal  contents.  But  this  applies  also  to 
alkali  albumin,  propeptones,  peptones,  and  sugars;  in  fact,  to  all  the 
products  of  the  digestion  of  both  proteids  and  carbohydrates.  If  soaps 
arc  normally  alisorhed  by  the  epithehal  cells,  it  is  ])robal)le  that  these 
cells  jHissi'ss  a  selective  capacity  for  soap  absorpti()7i,as  they  do  for  many 
other  i>ro(]u('ls  of  digestion,  and  hence  that  tlie  soaps  are  absorbed  as 
they  are  formed,  and  never  allowed  to  accumulate  in  appreciable 
quantity  in  the  intestine. 

There  is,  then,  no  ])r()of  that  soa[)S  cannot  be  formed  in  the  intestine, 
nor  is  tlieie  any  im])ossil)ility  or  improbability  in  the  way  of  all  the  fats 
being  first  decomposed  into  fatty  acids,  then  converted  into  soluble 
soai)S  and  absorbed  as  such. 

TJiror)/  of  (fJfsorjftion  as  disi^oJrril  fnttjf  nciih. — Another  theory  is,  that 
the  fats  are  absor])ed  in  the  form  of  dissolved  fatty  acids. 

The  fatty  acids  of  the  fats  arc  practically  insoluble  in  water,  but  are 
sohil)l('  to  ;i  certain  extent  in  l)ile,  the  solul»ility  increasing  with  rising  temper- 
atui'c.  Strcck(  r^  stated,  in  1^4.'^,  tliat  taurocholic  acid  possesses  the  property 
of  (Ii>s(.lviiiL,^  fat,  fatty  aci«ls,  and  cliolesterin  in  considerable  quantity.  This 
fact  i<  iiicnt  iniicd  l)y  Strcckcr  in  connection  witli  the  dilliculties  attending  the 

'    ]',rr],,nrs  Arr]n,\  1-So,   IM.  Ixxx.  S.  11   ;   ISSJ,  li,l.  x-v.  S.  108. 

-■  rctt.i,kc|-,i  ;uui  \'(.it.  ;^/.sv//r. ./:  /;/<>/.,  Munciicn,  isr;>.  va.  \\.  s.  no. 

•' Tlir^f  li--ints  iiiiisl  only  Im  taken  as  ai;i;unu'iitaliv('  ilati,  uverstc*|»i»ing  the   tiutli,  an<l 
ijot  as  tiiilv  iii'licatiii''  tlic  total  alkalinity. 
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preparation  of  taurocholic  acid  in  a  pure  cuntlition  from  bile,  lie  did  not 
pursue  the  subject  further  on  its  own  aceonut,  and  his  statement  is  in  pmrt 
errcmeous,  fur  tlie  neutml  fats  scarcely  dinsolve  at  all  in  bile.  In  11^58,  iMarcet^ 
publii*!ied  the  results  already  described^  showing  the  ^'reat  sohd>ility  oi  the 
fatty  a<:nis  in  bile  when  heated  abi>%'e  their  niflting  [mint^.  Latschinotf  * 
described  a  variable  compoundj  or  rather  mixtnre^  furnied  hj  taurttcholie  aeid 
with  a  mixture  of  .stearic  anil  palmitie  aeids,  which  [possesses  certain  cryst4dIo- 
gniphic  properties,  but  no  definite  chemical  componition. 

Altniann,'*  mainly  on  biKtoh)gi<jal  grounds,  eontdnded  that  fut«  arc 
not  alj8orlM?d  an  uii  einidsinii,  but  in  Hoiue  sohdde  form. 

Krehl,*  luider  Altrnaiin'e  direction,  obtained  sections  of  the  intestine, 

sUioed  by  osmic  ueiil,  from  animals  killed  at  varying  tiiue.s  after  feeding 

on  fat   (olive  oil  and   cream).     These   ja'epirationn  showed  a  gradual 

iacrease  iu  the  size  of  the  ghdjules  witli  tlie  advancement  of  the  period 

of  dige&tioti.     Also,   it   wag   idiserved    that   in    the   earlier  stages  the 

simill  fat  globuleH  showed  a  clear  centre,  stirroundotl  by  a  dark  ring. 

From  these  api»earances  it  was  jndge<l  tliat  the  formation   of  the  fat 

gnmules  was  a  gradual  one  from  solution,  and  not  fnan  drops  of   fat 

emulsion.       In    conBi<k^ring    the   soluble    form    in    which   the   fats  are 

absorbed,  Altmann  rejects  the  idea  that  they  are  absorbed  as  soaps, 

chiefly  on  the  ground  that  the  reaction  in  the  Hiiiall  irUestiue  «>f  the  dog 

is  add,  S4>  that  it  cannot  cnnlain  dissolved  soaps  :^  yet  from  sueb  a  por- 

tion  of  intestine,  with  an  acid  reaction  and  containing  a  ehvtr  Ibtid,  the 

charged   lacte^ls   are  often   to  be  seen  conveying  away  absrirla/d    fat 

Altmann  cites  the  statements  as  tu  tlie  solubility  of  the  fatty  at  ids  in 

bile  already  inentiouedp'^  and  adds  an  experimeut  of  his  own,  in  wbieb  lie 

fibows  that  a  coosideralde,  but  not  too  greats  i[iiaMtiLy  of  a  solution  of  ct>iii- 

mercial  glycerin  soap,  and  then  excess  of  hydrochloric  acid,  may  beaddeil 

to  a  solution  of  sodium  glyeneholate  or  tauro(  liohite  withiait  ]>ieHhicing 

any  precipitation  of  either  fatty  or  bile  aciib     Fn>ni  tbivse  ihtti,  and  the 

observation  of  Munk  that  tlie  fatty  mateiial  found  in  the  diig's  intestine 

during  fat  digestion  may  contain  as  much  as  li*  per  (cut.  <^f  free  fatty 

acids,  Altmann  argues  that  tfie  fr(?e  fatty  acids  me  iUssolved    in   the 

intestine  by  the  bile  acids.    As  the  fatty  acids  so  <lissolved  iire  absorbed, 

fresh  amounts  <»f  the  neutrsd  fats  are  dot  faujiosed,  and  the  free  fatty 

acids  so  formed  pass  into  solution  to  rejilnci'  tbnst^  rcm(*ve<l  by  absiuj^- 

tion.    So  that  there  is  a  cyclic  joocess  involving  the  deconqjosition  of  hits, 

solution  of  fatty  acids  in  the  bile  acids  jMesent,  ab.sinption  of  these  fatty 

acids  by  tlie  intestinal  cell,  and  regeneriition  of  neutral  fat  within  the 

cell,  accomfhimed  by  the  appearfuice  of  fat  grannies. 

Altmann  did  not  quantitatively  detentHiiM  \]\\»  tOiKunit  of  -sohdality  of 
fatty  acids  in  bile  acids,  bile,  or  intestinal  fluid.  The  snluliihty  in  bile  varies 
greatly  with  temperature,  a.s  is  shtiwn  by  Marrets  exi>erinK'nt>s.*  At  the 
temi:»i*rature  of  the  body  the  snhibility  is  much  less  Ihaii  at  the  t£'ni|)eratnre  of 
fiisicm  of  the  fatty  aeids,  but  i.^  still  euiisidcrnbli-  ;  wliih*  at  ordinary  atnuT- 
sipberic  temjaerature  (H    ti  15"  C.)  the  sohiliility  is  vrry  sli^dd.^ 

The  solubilities  of  the  fatty  acids,  and   niixhocs  of  these  at  or  near  the 

5  8eo  p,  444. 

=  Ber,  d,  deutsch.  chf^.  Gc&cifscli.,  Ikrliii.  i»sO,  ]y\.  xiii.  8.  llHl, 

■  Arek.  f.  Jnai.  «.  I'hmioL,  f-''il»%,  1^"^^,  Aii.it.  AMlu,  Sijj^p.  VA.  S.  S(u 

*  lbifi.,Um,  Aiiat.  AJ-Ul,  S.  !!". 

*  This  objectioa  b  (Uaiaisnerl  iiu«JtT  the  !*i)ap-ahs<>r|aioii  tljtrjry.     >^it"  p,  4f>;j, 

*  Except  those  uF  Marcf't.  *  Set"  ju  444. 

■  Moore  and  ItekwocxJ,  Jmirn.  Phtjju'ol,,  Ooiibiiil^e  iiml  Lujiduii,  ISW?,  vol.  \\i,  p.  58. 
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temperature  of  the  body,  have  recently  been  determined  by  Moore  and  Rock- 
wood/  in  the  bile  of  the  ox,  pig,  and  dog,  and  in  the  mixed  bile  salts  of  ox 
bile,  with  the  following  results  : — 

1.  Pure  palmitic  and  stearic  acids  are  practically  insoluble  in  ox  bile  at  a 
temperature  of  38°  to  40"  C,  while  oleic  acid  is  easily  soluble  at  this  tempera- 
ture to  the  extent  of  4  per  cent. 

2.  Of  the  mixed  fatty  acids  of  lard,  beef-suet,  and  mutton-suet,  respectively, 
lard  acids  are  most  soluble,  mutton-suet  acids  least  soluble,  while  beef-suet 
acids  are  intermediate.  Thus  in  ox  bile  the  solubilities  are — lard  fatty  acids, 
3 '5  per  cent. ;  beef -suet  fatty  acids,  2*5  per  cent.;  mutton-suet  fatty  acids,  2 
per  cent. 

3.  The  solubility  of  the  fatty  acids  in  bile  is  only  in  part  due  to  the  bile 
salts.  A  strong  solution  (9  per  cent.)  of  the  bile  salts  of  ox  bile  dissolves  all 
three  mixtures  of  fatty  acids  both  more  feebly  and  more  slowly  than  bile  itself. 
Mere  removal  of  the  "  pseudo-mucin  "  from  bile  greatly  diminishes  its  solvent 
action  on  fatty  acids. 

The  same  exi)erimenters  have  shown  that  the  filtered  contents  of  the  dog's 
intestine,  removed  during  fat  absorption,  are  capable,  in  some  samples,  of 
digesting  and  dissolving  at  body  temperature  to  a  clear  solution  as  much  as 
4  per  cent,  of  neutral  fats.  On  cooling,  the  dissolved  fatty  material  was 
thrown  out  of  solution  as  fatty  acids.  This  experiment  shows  that,  in  the  dog 
at  least,'-  fats  can  be  dissolved  and  absorbed  in  solution  as  fatty  acids. 

The  solubilities  of  the  mixed  fatty  acids  in  bile,  stated  above,  are  quit« 
sufficient  to  account  for  the  absorption  of  all  the  fats  of  the  food  in  the  form 
of  dissolved  fatty  acids,  since  they  exceed  the  concentrations  in  which  the 
products  of  carl )ohy (Irate  and  proteid  digestion  are  met  with  in  the  intestine, 
liut  this  alone  is  not  sufficient  evidence  to  prove  that  in  the  normal  course  of 
events  all  the  fat  is  absorl)ed  in  such  form. 

The  acids  of  the  fats  give  an  acid  reaction  with  litmus.  The  bile  used  in 
the  experiments  arranged  to  determine  the  solubilities  was  at  first  strongly 
alkaline  to  litmus,  but  after  it  had  dissolved  the  fatty  acids  it  became  markedly 
acid  to  that  indicator.  It  follows,  that  a  fluid  with  an  alkaline  reaction  Xa^ 
litmus  cannot  hold  in  solution  any  free  fatty  acids.  Now,  in  the  intestine  of 
the  wliile  rat,  during'  active  fat  al»sori)ti()n,  the  reaction  is  commonly  strongly 
alkaline  to  litmus,  all  the  way  from  pylorus  to  caH'.um,  and  is  never  acid  to  that 
indicator  for  a  greater  distance  than  6  in.  from  the  pylorus.-' 

Further,  even  in  the  case  of  the  dog,  and  in  that  part  of  the  intestine  where 
the  reaction  is  acid  to  litmus,  there  are  probably  soaps  as  well  as  fatty  acids  in 
solution.  This  is  shown  by  the  behaviour  towards  litmus  and  methyl-orange 
of  the  conl<'nls  of  this  part  of  the  intestine.  The  acid  reacti<m  towards  litmus 
is  shown  ]»y  the  alkaline  reaction  to  methyl-orange  to  he  due  to  very  weak 
ort^Mnic  aci<ls  ;  at  tlie  same  time,  the  alkaline  reaction  to  methyl-orange  also 
shows  that  tlierc  is  an  excess  of  bases  ])resent  (above  the  amount  necessary  to 
combine  with  tlie  strong  acids),  which  is  c()mi»ined  with  very  weak  acids. 
The  nmst  ])ro]>al)le  conclusion,  as  such  a  state  of  allairs  is  met  with  during  the 
digestinii  of  an  alm<»>t  jnuely  fatty  meal  (beef-suet),  is  that  these  weak  acids  are 
the  acids  of  tlie  fats  (oleic,  ])alniitic,  and  stearic)  in  combination  as  soaps. 
Hence,  in  tliat  part  of  tlie  small  intestine  of  the  dog  where  the  reaction  is  a<'id 
to  litniu<,  fat  aloojptinn  is  pro1)a])ly  .^oing  on,  ])artly  in  the  form  of  dissolved 
fatty  aci'l-  and  j>artly  in  the  form  of  dissolved  soaps;  in  the  j)art  where  the 
reactinn  is  alkaline  to  litmus,  whnlly  in  the  form  of  dissolved  soajjs. 

In  thn,<»'  animals,  sndi  as  herl>iv(»ra,  in  whii-h  the  reaction  of  the  intestinal 
contents  is  strongly  Jilkaline,  it  is  ]>rol)a))Ie  that  all  the  fat  is  absorbed  as  soaps. 

1  Lor.  rit. 

-  Siliiilir  lesults  were  imt  cihtaiiifl  with  tilteic(l   intestinal  contciit.s  ohtainod  from  tlic 
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]lk  raJbhit  be  killed  some  hours  after  a  meal  of  oat%  a  certain  amount  of  fat  is 
ghown  to  be  in  process  of  iibsorjjtion  by  the  whiteiiesii  of  the  la^.teiilH,  but  tlie 
reaction  of  the  contents  of  the  sniall  intestine  is  always  niarkeJly  itika Hne. 

It  is  probable,  then,  that  in  all  animuls  a  great  part  of  the  fut  in 
ibsorbetl  diasolveil  in  tlie  f(*rm  of  Hoajiw;  but  in  snme  aiiinialH  a  part 
IS  also  abewjrbetl  as  di8so!vt?«l  fatty  acids,  while  in  utht^rH  the  entire 
^uaQtitv  leaves  the  intestine  in  the  furni  of  Boaps, 

These  vnrions  theories  a-s  to  the  form  in  which  fats  enter  llio  eiatlielial 
c«U,  may  be  summnrised  as  follows  : — 

Emulmon  theories, — 1.  A  small  percentage  of  tlic  fat  is  t^plit  up  into 
fatty  iicidB  and  glyceririj  the  fatty  acids  unite  with  tlie  alkaline  basis  of  the 
mixed  secreti<»ns  present  in  the  intf^atinej  and  the  rest  uf  the  fat  is  tliereby 
coQverto<l  into  an  emolsion,  which  is  ahsorlied  by  the  columnar  ci'lls, 

2,  A  ccjnsiderable  part  of  the  fut  is  sjilit  u[i  into  fatty  a* ills  and  glycerin, 
•nd  absorbed  as  etutili<{fifff  fatty  acids  and  glycerin,  whitdi  arc  sy nth esii^ed 
U)  neutral  fats  by  the  eoluumar  cells. 

Solution  theories. — ^1,  All  I  be  fat  is  split  uj>  into  fatty  acids  and  glycerin  ; 
tbc  fatty  acids  combine  with  alkaline  bases  ti*  form  soluble  soaps;  these  and 
the  diB*j<-dved  glycerin  are  aijsorbetl  in  sohition,  and  synthesised  tu  neutral 
i%U  in  the  columnar  cells. 

2.  All  the  fat  is  split  up  into  fatty  acids  and  glycerin  ;  the  fatty  at  ids 
ire  dLsiiolved  as  such  by  the  intestinal  iluid  (the  bile  licinji;  that  constituent 
wrhieh  gives  this  solvent  property  to  the  iluid),  these  disst^lvcd  frai  tions  f>f  the 
fat  are  absorbed  by  the  colunmar  cells,  and  by  these  arc  synthcsi.sed  again  to 
nentnil  fat«. 

X  The  processes  indicated  under  solution  tlo^ories  2  and  3  probably 
mutually  replace  each  "►ther  to  a  variablr  extent  in  souje  animals,  but  in 
others  absorption  takes  [ilace  «*ntirely  in  the  f^rrn  (d  soaps. 

Passage  of  the  fat  from  the  epithelial  cells  to  the  lacteals. 
hi  whatever  f<jrni  the  fat  piussos  into  the  Ciduninur  itdls,  it  i.s  certain 
that  it  is  here  converted  again  into  fat,  Dtnin^  active  fat  abaorptinn 
lliese  cells  become  gorged  with  fat  ^^loVudi^s  of  varying  diriiensifUiH.  It 
is  agreed  liy  all  obKervcrH  tliat  tbiw  fat  ]>asst\s  friuu  the  cpitheliunj  tti 
the  lactealii  in  the  form  of  an  emulsion,  bnt  tlioro  is  some  difVercnce  nf 
opinion  as  tn  the  fnHbii»n  in  which  it  is  cnnveynb 

It  has  already  been  stated  that  the  tissue  i»f  the  villi,  especially 
'luring  active  fat  aiisctrption,  contains  innnense  nund^erw  of  lem^oeytes. 
riiese  are  found  not  only  in  the  subepithelial  tissn<%  but  between  the 
eiiithelial  eells.  I'be  number  in  Ibis  ]«usiti<»n  is  gre^itly  increased  dining 
illiw>rptinn.iinc!  at  this  time  lym]»linid  colls  occur  also  in  the  laeieaLs, 
but  "  are  found  more  nunieruusly  in  the  lactcals  ol  the  villi  th?in  in 
tht»se  which  are  more  deeply  seta  ted,  and,  mnst  numerously  iif  all,  near 
the  blind  end  of  the  lacteal  That  they  pass  intcj  this  veysel  fnan 
the  surroumling  lym|>huid  tissue  is  certain,  fnr  a  lynipb<^irl  cell  Uiay 
'jften  he  seen,  fixed  by  the  reagent  emiJuvod  fur  liar*lening  tlie  tissue* 
itilheaetof  |iassing  thrcMigh  the  wall  of  ibe  lacleaL"^  After  a  njcal 
trntjiiuing  fat,  these  lyni]»hoid  cnrjauscles  contain  graindes,  which  stain 
black  with  osmii'  acid;  many  of  these  an*  snlublo  in  ether,  so  that  tltcy 
«re  unquestionably  eunipoyetl  id  fat. 

*  Schafer,  /mtenm/,  MmmUrhr.  f,  Att^if.  tf,  I/i^i/!.,  Iiii|(/.i^,  IBSfi,  \U.  ii.  S.  t>,  Thr 
I  fntter  jiart  of  thf  ili.*st'ri|>tioii  ot  the  caniai^ii  of  fut  ly  Icurorvtts.  ln?lu ttai  i^[»tl]ii'litiiii  niifl 
'       aetcftt,  giveu  in  the  text,  is  abstraca«d  from  this  ,Houn.X". 
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The«e  appearances  led  JSchafer^  to  express  the  view  that  the 
lymijhoid  ('oriniscles  have  an  important  funrtion  in  takint^  up  the  bt 
frLini  the  <'piilieHal  nella,  iind  carrying  it  towards  and  into  the  lacteal 
wlierc  they  8tvL  the  fa  t  free  hy  disiiite^rathig.  No  fat  pwirticle^  are,  u  t 
rule,  found  between  the  epitholiuin  and  the  central  la<^"teul,  suve  eucb  as 
are  emliedded  in  lymphoid  corpuscles*.  Nor  is  there  any  channel  of 
communinition  lietween  the  epithelial  cell  and  the  lacteal,  as  wai^ 
fornierly  suppuyud,  by  which  tlic  fat  gloliulcw  niiglit  be  curried  into  th 
lacteaL  The  epithelial  cells  never  penetrate  tlie  bagenient  meuibranei 
nor  are  tliey  continued  into  the  cells  of  the  retiform  tissue  beneath 
Wieniar  ^  admits  the  presence,  during  fat  absorption,  of  fat  granules  ii^ 
the  leucocytes,  but  from  the  snuill  amount  of  fat  so  fomid.  cuni|iiU 
with  tliat  in  the  epithelial  cells,  cnusidcrs  that  the  leucocytes  ain  on 
l)e  of  8ecmi<iary  impnrtance.  In  this  connection  it  should  be  «  "  t1 
Schafer  ^  han  pointed  (iiit  tliat  the  relative  amount  of  fat  j:;  li 

leucocytes  antl  epithehal  cells  varies  with  tlie  activity  nf  ai>sorpuou 
*'  When  the  absorptive  activity  is  feeble,  or  wlien  tlie  amount  of  fat  in 
the  chyme  is  reLitiv-ely  small,  there  may  be  httle  ur  no  fat  in  the 
columnar  epithehal  cells,  although  tlie  amieboid  ceLls  between  theni  rmv 
be  gorged  with  fat  granules,  lu  frogs  fed  with  lard  in  the  &|in:v 
fatty  globules  are  still  ubuntlant  in  the  colunniar  (^jiitliclial  cells  tr 
eighth  tltiy  after  the  feeding,  whereas,  in  frogs  similarly  fed  in  Nove).: 
the  greater  part  of  the  fat  w^aa  discharged  fct  anutn,  by  the  third  day. 
very  little  being  absorbed,  and  what  was  being  taken  up  tluring  tljal 
time  w^as  only  to  be  found  in  the  amo?boid  cells,  none  at  all  Ijeii4J 
present  in  the  ejuthelial  cells  themselves/'  This  seems  t»i  intlicaie  tint 
when  the  rate  of  absoriitiou  is  slow,  the  amieboid  cells  are  able  to  ktv[ 
pace  with  it,  but  when  the  supply  is  too  abundant  for  this,  the  cohmnmr 
cells  act  as  temporary  st<jrehonses,  and  become  tillijd  with  granulw 
which  are  afterwards  carried  off  liy  the  amoeboid  celle. 

Heideuhain*  ascribes  only  a   secondary  iniportance  to  the  \emy 
cytes.     lie  gives  as  grounds  fur  this  opinion — (I)  That  in  newly-b 
pu])pies,  which  have  alreaily  sucked,  aiid  in  which  milk  alisorpi" 
going  on,  there  are  scarcely  any  lencocytes  present  in  the  epitheW 
that  there  is  no  constant  connection  hetAveen  fat  absorption  and  Ik' 
presence  of  leucocytes.    (2)  LeucoLytes  containing  grannies,  which  staai 
black  with  osmic  acid,  are  to  be  found  in  the  crytits  of  Uel>erkUhu*  inti« 
which  fat  ranuot  entrcr  fnau  tlie  intestine,     (;^)  The  material  wl 
stained   black  with  nsudc  acid  is  chietly  smuetlnng  elsi*  than  fat 
it  stains   witli  acid-fuchsin,  and  cannot    be  wasbt^d  out   of  adh»  - 
mountcnl  sectif>ns  by  ether  or  xylol.^      Ileidenhain®  atlniits,  how, 
that  in   the   guiuea-t>ig   fat   is   undoubtedly  present    in    eousidemble 
quantity  in  the  amadioid  cells  during  fat  absorption. 

Ileidcnliain  ^  still  adheres  to  the  enndsiiui  theory  of  alisorption,  but 

1  Quam*8  *' AiiatoiDV,"  8tb  editiuiit  1876,  vol.  li.  }k  S63 ;  **Pr«ct  Ilisloln^F, **  1S76, 
]>.  m  ;  IvfenmL  .IfomiUdir.  f  Anal,  n,  ffUtoL,  Lt^ipzig,  1885,  Bd.  il  8.  6;  Jrck,/.^ 
tjra.  PhijsioL,  Brum,  1884,  Bd.  xxxiii.  8.  513.  Scluircr*8  obHervatious  wens  chieBjr  iwi^ 
»lHiTi  the  I'ro^  and  rat. 

'Ibid,,  Ikl.  xxxiii.  S.  532. 

*  ItiUrjKif,  3f(matschr./.  Jnat  w.  IfistoL,  Lfnjidg,  1885,  Bd.  ii,  S.  6. 

*  Archf\  d.  ifCJi,  FhywioJ.,  Bonn,  188S,  0*1.  xliii.  Snpin  Heft,  S.  8*2, 

*  It  Bbtmld,  iiowcvGiv  be  poiiit*^!  out,  that  after  pruloiiged  tre^itmcut  with  Otmktcid, 
ffttB  tend  hi  beeome  in&obible  in  tlie-se  f1ui<U. 

«  Arch,/,  d.  tm.  Fhjsia.  Jionij,  1 S88,  Bd,  xliii. ,  8iip]>.  Heft,  S,  IDS,  figi.  89  iaicl  40,  [lUte  i». 
'  Ihid,,  S,  88. 
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offers  no  explaiiatirni  of  the  mode  in  which  the  fat  gramiles  get  into 
the  epithelial  cells;  he  cnnsiderK  that  the  hile  iinist  essentially  assist 
in  the  process,  partially  hy  aiding  the  eiiiiilsitiration  of  the  fatn,  and 
partially  by  luakiiig  the  Kiirftiee  nf  the  epithelinin  capable  of  being 
wetted  by  the  fatB,  wlneh  naturally  fucilitates  the  ah.sorption.  He 
is  further  of  opinion  that  the  fat  globukvs  are  |»£is9ed  on  out  of 
the  columnar  epithelial  eeUs  hy  means  of  the  contraetionn  of  the 
cell  protoplasm ;  and  that  these  on  their  fnrtlier  path  to  the  lacteal, 
ai^iari  from  t!ie  small  part  eaten  up  by  the  k'ucocytcs,  pans  in  a 
free  con tlit ion  through  the  inlencUulsir  spaces,  and  urc  first  broken  np 
into  the  very  tine  granules  char;ictt4istic  of  cliylc  ^vb(  n  pasisin^^  into 
tbe  lact-eal. 

The  effects  of  absence  of  the  pancreatic  juice  or  bile  on  the 
absorption  of  fats. — ^The  results  on  record  us  to  the  absorption  of  fat, 
when  the  action  of  the  piJiit-rcatic  juice  iw  renujved  by  excision  of  the 
pancreaft,  ligature  of  the  ]>aiii  rcatic  ducts,  or  establishment  of  a  pan- 
creatic fistula,  vary  considerably  :  altlinii^^b  thine  is  a  t  fuieurrence  of 
opinion  amongst  recent  observers'  that  the  altsorption  of  fat  i.s 
hindered  to  a  greater  or  lesser  extent  liy  the  al>sence  of  the  secretion. 
Minkowski  2  and  Abelmann^  found  that  no  fat,  except  tliat  of  milk^  was 
abeorbed  after  complete  removal  of  the  |>;mercas,  and  this  was  only 
ateor1>ed  to  the  extent  of  :JS  to  5o  ]>vv  cent.:  the  failure  of  absurptinii 
waft  nut  due  to  absence  uf  fatty  acids,  for  8U  }»er  cent,  of  tlie  ether 
extract  of  the  fteces  was  found  to  be  free  fatly  aeid. 

Minkowski  believes  tliat  the  idk^orptiun  uf  the  milk  bit  is  due  to  this  enmb 
sion  being  able  to  withstand  aa  ariil  reaction,  hut  the  id>i<i>r|itiun  of  other  fat«s, 
when  (lancreas  is  given  with  the  fat,  p<:sint^  ratlier  tu  f^ome  speeiHc  funetion 
of  the  pancreatic  juici%  for  this  [>an*reiitic  tissue  eoidd  uot  materially  alter  the 
reaction  of  the  inteHtine  ;  bci*idcj^,  fat  abs^orplioii  lakes  |»Iaec  nninmily  from 
the  dog's  intestine  in  pre!>cuee  of  an  acid  reartiini,  iSandnicycr  '  found  in 
dogs  in  which  the  pantTcas  hfid  been  jiaitialiy  extirpated,  that  ihe  aiutamt  <if 
1st  alwiorption  was  very  varialile  ;  oceasiuHEilly  no  fal  ut  all  was  nbsorhed, 
md  at  other  times,  with  the  jsaiae  animal,  30  and  even  78  per  rent,  of  the  fat 
was  ab^orlK'd, 

Teiehmann '^  found  hy  micr(>scopie  cxaiinnalinu  thjit  U\l  ahsnri>tii>ii  in  tliii 
mbbit  wa^s  nut  influeiieci<l  to  any  marked  extent  by  ligature  uf  the  pancreatic 
duct.  Fr.  Miiller  ^  observed  a  conndt^rable  amount  nf  fat  alu^orptinn  in  a  patient 
with  a  pancreatic  fis^tala.  Vaughan  ILarley  '^  extirjiati  d  tlie  [«inereas  completely 
in  dogi*,  kille<l  the  animals  a  varying  nundjer  of  horn's  after  feeding  on  milk, 

^Oti  ttie  othi^r  Imial,  Mia  iBuH.  Jca4,  tP  m'd.,  l^ann,  l^fitii  foinKl  tlint  tti«^  al.suqi- 
tion  of  fat  waii  not  aHV'rtcri  wIsmi  the  ].jiiJiTLntif  jaicr  Miis  jillimrnl  to  ('s^-ftpc  from  a  jintala. 
Cwh  {Areh./.  Amtt.  u.  ilifjsiol.,  LMp/iL,%  1880,  s/:3*ia)  li^MtarHl  \ni\\\  ]m\iwai\v  dwvXs  in  the 
(bg.  and  fuiimt  thtit  fat  was  »till  [lUNoibid.  Sihill  [JainrsL  iL  d,  FvrL\thi\  *L  Thirr- 
d^n.f  Wji^^ihailen,  187*2»  Hd.  ii,  S.  L^'iH)  shut  out  llir  paii<  icatic  sitrrHoii  l^y  taj<'rliag 
ftttlfin  mto  thi^  dact,  aod  foand  that  fat  to  tlio  amount  ii(  1^0  tn  150  f^tm.  per  diem  was 
still  »l*orbt?d. 

■^  Voii  Meritjg  and  Mialiowskij  Arrh./,  t^jj'^r.  /VM.  tr.  J'h>nhtali»i.,  L«  ipzig,  lSi>(>,  Ud, 
mi  S,  371. 

MnutJg,  Dim,,  Dorpat,  18P0  ;  Minkowe^ki,  Uerf.  Uin.   U'rlnn^^hr.,  189U,  S.  mn. 

•  Zl9chr.f,  BiuL.  Muiuhen,  ISlK^s  Bd.  xxxi,  S.  112.  Set*  ajjjo  Kfwuhcrg.  Anh.j.  AmiL 
^.r%f^iof.,  Leipzig,  189ti,  l^iysitd.  Alitli..  8.  oAiK 

'"Mikroskop,  Ikitr.  z.  LeluL-  von  der  lVltieMor[»tiiia/'  Diss.,  Bo*s]iiH,  ISU], 

*Z($chr,J\  kiuK  Mrd,,  fk-rliii,  1887,  Ud.  xii.  S.  4:i.  Defirtive  fnt  ubs^irptioii.  liovvevpr. 
nuijotibtedly  acrrmiliaaiei*  dim-asc  tif  tiie  patiri  i^jik,  hy  inrhysum  of  it^  dtirt  in  niu,Ht  rasi's;  fifb 
Bright,  Jtfirtrf.-f/tm  Trmi^.f  London,  lS;i2  ;  Zield.  i^atlsrhr  umL  Uihi*»t'hf\^  Leipzig,  1883, 
S.538;  1ft  Nobel,  DcutscJns  Arrh./.  Uht.  M'd,,  lA-ipzig.  ISSS,  liil,  xliii.  S.  285. 

"^  Jtmm,  I'hyfioLf  Cttuibridgc  und  Loadon,  \S\)*t,  vol.  xviii.  p.  1. 
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and  estimated  tlie  amount  of  fatty  material  in  the  stomach  and  intestine.  The 
amount  so  found  was  usually  slightly  in  excess  of  that  given  in  the  food,  the 
surplus  being  i)robably  due  to  intestinal  secretion  or  excretion.  Lewin,^  as  a 
result  of  microscopic  examination  of  sections  of  the  intestine,  concludes  that  fat 
absorption  does  not  take  place  in  a  normal  manner  if  bile  or  pancreatic  juice,  or 
both,  are  kept  from  entering  the  intestine.  He  also  found  under  such  circum- 
stances that  the  lacteals  did  not  present  the  usual  milky  appearance  which 
accompanies  fat  absorption. 

The  ell'ect  of  a  biliary  fistula  ou  fat  absorption  seems  to  be  identical 
with  that  of  a  pancreatic  fistula ;  exactly  the  same  kinds  of  results  have 
been  recorded  in  the  two  cases.  All  observers  are  agreed  that  so  much 
fat  cannot  be  absorbed  in  presence  of  a  biliary  fistula  as  when  bile  has 
access  to  the  intestine,  but,  while  some  find  fat  absorption  practically 
arrested,  others  liave  observed  that  a  considerable,  nearly  normal,  amount 
(jf  fat  can  still  be  disposed  of.  As  in  the  case  of  absence  of  the  pan- 
creatic secretion,  most  of  the  unabsorbed  fat  is  found  in  the  faeces  as 
fatty  acid.- 

Koliinaiiii  ^  also  found  that  sodium  soaps  were  not  absorbed,  but  were 
converted  into  free  fatty  acids,  and  appeared  as  such  in  the  faeces.  Bidder 
and  Scliniidt"*  state  tliat  nin-mal  dogs  can  digest  as  nnich  as  seven  times  the 
quantity  of  fat  wliich  can  be  disposed  of  by  dogs  with  fistula  of  the  gall  bladder, 
and  tliat,  wliile  during  fat  absorption  in  a  normal  dog  the  lacteals  are  filled  with 
milky  chyle,  they  are,  under  similar  conditions  in  a  dog  with  a  biliary  fistula, 
filled  with  a  yelluw  or  slightly  opalescent  fluid. 

C.  Voit  '^  esliiiiates  the  average  loss  of  fat  at  22*2  to  34*7  per  cent.;  Munk,^ 
at  3.*M  ])er  cent.  ;  Kuhmann,"  at  48 '5  to  58*4  per  cent. ;  Xoel  Paton,^  at  34*58 
per  cent. ;  J  )astre,''  at  57*65  per  cent,  ^lunk  '^  found  that  the  absorption  of  fats 
of  high  melting  point  (mutton)  sullered  more  than  that  of  fat^  of  low  melting 
j>()int  (hog's  lard)  ;  of  the  former  but  35*5  per  cent,  was  utilised,  of  the  latter 
67  per  cent.  He  also  found  that  the  free  fatty  acids  in  the  absence  of  bile  were 
absor]>e(l  equally  well,  in  fact  slightly  better,  than  the  corresponding  neutral 
fats.  Dartre"  ligatured  the  (hi<'tn'<  c/toIeflurhHs^  [i\u\  made  a  fistula  between 
the  gall  bladder  and  small  intestine  much  lower  down  (60-150  cm.)  ;  lie 
observed,  athr  a  meal  of  fat,  that  the  lacteals  were  only  injected  with  milky 
(diyle  below  the  artitieial  p<»int  of  entry  of  the  bile.  As  Dastre  himself 
remarks,  tlie  re>ult  is  more  elegant  than  decisive.  Jt  is  only  qualitiitive  in 
characlei',  ;md  <l()es  uni  show  quantitatively  the  share  taken  by  pancreatic 
Juice  and  Itih'  in  fat  absorption.  Iledon  and  Ville  ^-  established  tirst  a  biliary 
iistula,  an<l  atU'iwards  removed  nearly  all  the  jMincreas,  leaving  just  enough  of 
the  tail  to  jui'serve  the  animal  alive,  and  destroying  all  c»jmmunication  with 
the  intestine.  In  this  manner  both  bile  and  j>ancreatic  juice  were  kei)tout  of  the 
int(;>line,  and  under   such   conditions   the  digestion  and  absorption  of  fat  was 

'  yl /•<•//./.  ,/.  ./'.<?.  /'/i;/sioL,  Jjoiin,  181H3.  IM.  Ixiii,  S.  171.  L«\\iii  rcinoveJ  the  influence  of 
1m)11i  s.Ti.ii.Mi^  1,\  making  a   Thirv-\'cll;i  Iistula  of  that  part  of  the  chuKlcnuni  into  which 

the  dur[>  open. 

-■  ItMhiiiaiiji.  Jrrh.f  J.  ,,>s.  r/n/sin/.,  I'.oiin,  1882.  15(1.  xxix.  S.  r.nl)  ;  I.  Munk,  Virchmc'^ 
Jrrhiv,  is;.!).  IM.  rxxii.  S.';;i:{  ;  ll.'-lon  and  \ille,  ('-„/////.  rr„>/.  S<>i\  ,1r  hioL,  Paris,  lSir2, 
toiiie  xliv.  )..  .lo'.t.  Se.-,  how.viT,  l)a>tif,  Arch,  dc  j>hiisinl.  nnnn.  if  pat/t.,  Paris.  18tM. 
t  nil  11/  X  xiii.  1 1.   IS''., 

■'  /.nr.  .//.,  S.  .',;;j,  ^  ••  ])'\r  A'.idauungssal tf, "  etr. 

•'  •'  li.itr.  /.   P.ioloLcir."  .A///>;/rn////N.svA /•;/■/  y*.  r.  JiisrliofJ,  St  lit  t;,'art,  1882. 

''  riirhnTs  Archlr.  IS'.'O,  P.d.  cxxii.  S.  ''S^v2.  "  •  L,,c.  cif. 

^  /.''•//.  /.'ill.  /:•,)/.  iUjll.  Unis.,  Kdin.,  181)1,  vol.  iii.  )•.  214.  The  case  was  one  of  a  eom- 
l-k-tf  l»iliaiv  Iistula  in  a  woni.in. 

^  Loc.  nt.  '■'  j^or.  at..  S.  ;;2  4,  325.  "  Lur.  <•//.  '-  L,x\  cit. 
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studied.  It  was  found  tliat  food  piiBsetl  very  rapidly  through  the  alimentary 
esnal  without  much  niodificLition,  searcely  any  fat  wsus  absorlu'd,  hut  it  Wiia 
nearly  all  converted  into  fatty  acid. 


I  These   varied  results  may  be  Bummed  up  as  showing  that  both  the 

I        pancreatic  juke  and  the  bile  are  ]H)werful  aids  in  tlie  digestion  and 
1        abeorptioD  of  fats,  hut  neither  is  absolutely  indispensable. 

The  view  to  be  taken  of  the  part  ]>layed  by  biie  and  pancreatic  juice 

in  fat  absor|>tion  must  naturally  vary  with  the  view  held  as  to  the  form 

in  which  fat  is  alkSorbed. 

1.  It  may  be  urged  that,  in  the  ab.senceof  jmncreatic  juice,a  yidlicient 
supply  of  fatty  acid  i.s  not  set  free  for  emuLsiHeatitni  uf  the  remrdnder. 
Since  bile  (or  bile  salts)  very  much  hastens  the  fat-splitting  actitai  of 
pancreatic  juice,^  the  absence  of  bile  would  have  a  very  similar  eHeet  to 
that  of  pancreatic  juice  itself.  A  seriuus  objection  to  this  explanation 
lies  in  the  fact  that  in  defective  ab8orptif>n,  due  to  the  al>senee  uf  either 
bile  or  f»ancreatic  juice,  nearly  all  the  uiiaksorbed  fat  is  bjund  in  the 
faeces  as  free  fatty  acid. 

It  might  be  claimed  tliat  this  fat-siditting,  prol»al>ly  ity  bacterial 
action,  takes  place  much  hnver  down  in  the  intestine,  at  a  less  favourable 
position  for  al Sorption,  and  that  a  considerable  part  of  the  intestine  is 
traversed  before  a  sutlieieut  aniomit  of  fatty  aeid  is  formed,  Ihit  in  tbo 
twees  as  much  tis  80  per  cent,  of  the  total  fat  is  iis  free  fLilty  aei<J,  while 
dnly  about  5  [percent,  is  re<[uired  fur  spuiituiicoiis  emulsion  ;  besides,  the 
fat  of  the  food  contains  nearly  sutlieicnt  fatty  acid  to  l»cgin  witb,s(j  that 
this  contention  has  little  weight. 

2,  Another  view  which  has  been  held  is,  that  in  the  jdmeiueof  eitlier 
bile  or  jKincreatic  juice  the  intt'stiurd  reartion  is  acid,  so  that  no  emul- 
sion can  take  place,  and  hence  tbc  fnl  caimot  be  ahsorbed.  It  is  not, 
however,  claimed  that  such  an  af'id  reaction  is  due  to  free  hydroLddiuic 
acid,  since  the  remaining  alkaline  secretions  arc  still  more  tlian  sutlieicnt 
to  neutrahse  this,  and  active  fat  alwjri>tiou  has  often  been  observed  in 
presence  of  an  acid  reaction  due  to  organic  acids. 

3*  It  has  been  su]>pused  that  the  nhsriKM'  of  the  ]a'fjteitl  of  the 
pancrtmtic  juice  has  an  unfavourabh^  ellcct  on  the  formation  of  an 
emulsion  (Minkowski). 

4u  A  theory  atlvaneed  by  v.  Wistingliausen  -  was  that  the  bile  aided 
fat  absorption  by  mechanically  wetting  the  epithelial  Cecils  with  a  ihiid 
^rhich  rendered  the  p^assage  of  tlie  fut  easira\  Jle  claimed  thai  oil 
8too*i  higher  in  cupiillary  tubes  wetted  with  bile  than  in  similar  tubes 
\retted  with  water,  and  tliat  oils  or  midtod  fats  passed  more  rapidly 
through  a  mendirane  wetted  with  bile  tlian  through  unc  wetted 
with  water,  Tltese  results  have  not,  however,  been  coidirmeil  by  otlier 
ohservers.* 

5.  It  has  also  Ijcen  sup|>osed  that  tfie  bile  directly  stimulates 
(chemically)  the  epithelial  cells  of  the  intestine  to  incrnLscil  fat  absurp- 
tion,  and  that  in  the  absence  uf  the  bile  this  stimulus  is  absent.  Under 
these  conditions  the  epithelial  ctdls  either  A\\  not  alisrul^  fid  as  an  einul- 

'  Rachford,  Juurn.  Ph{/.^iol.f  Ctimhthl^*'  anJ  I^oinion.  isyl,  vol.  xii,  ]k  S7. 

*  Translation  in  Jrck.j\  Anal.  u.  I'hififio/.^  ]^'iivii'^,  1873,  S.  1^7,  by  J.  Stoiiu^r.  See 
Also  Sehiir,  VntfrBuch.  :.  XfUurL  d.  J/rW.r.  u.  tf.  Thorr,  1857,  lid.  ii,  S.  :J45  ;  Heiden- 
baijj.  Arch,/,  d,  ges.  PhijMoL.  Bonu,  ISks,  lid  sliii,  Snpp.  Jlclt,  S,  91. 

*  G roper,  Arch./.  Anal,  u,  FhysioL,  Leipzig,  I88i>,  S.  &05. 
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sion  at  all,  or  only  absorb  it  at  a  greatly  diminished  rate.^  There  is  no 
experimental  evidence  in  support  of  this  theory,  and  a  great  objection  to 
it  is  that  bile  is  constantly  present  in  the  intestine,  and  is  not  poured 
out  in  association  with  the  presence  of  fat ;  such  are  not  the  proper 
conditions  for  a  stimulus,  which  ought,  if  it  is  to  be  effective,  to  be  inter- 
mittent, and  only  be  called  into  action  when  required. 

6.  All  the  previous  views  rest  on  the  assumption  that  the  fats  are 
absorbed  in  the  form  of  an  emulsion.  If,  on  the  other  hand,  the  fats  are 
absorbed  in  soluble  forms  as  fatty  acids  or  soaps  and  glycerin,  the  most 
obvious  explanation  of  the  action  of  bile  and  pancreatic  juice  in  assisting 
absorption  is,  that  these  secretions  increase  the  solubility  of  the  fatty 
acids  or  soaps. 

In  the  absence  of  l)ile  or  pancreatic  juice,  the  fatty  acids  are  not  so 
soluble  ill  the  intestinal  fluid,  and  so  the  absorption  is  defective,  and  the 
insoluble  fatty  acids  appear  in  the  faeces.  In  support  of  this  the  fact 
may  be  recalled  that  the  bile  salts  possess  the  power  of  dissolving  the 
insoluble  soaps  of  the  alkaline  earths.^ 

Channeh  of  ahsorption  of  the  fats. — There  is  no  doubt  that  the 
lacteals  are  the  main  channel  by  which  the  fats  are  carried  away  from 
the  intestine,  Init  it  is  by  no  means  so  clear  that  all  the  fat  goes  by  this 
route.  The  amount  of  fat  absorbed  from  the  intestine  after  a  fatty  meal 
can  easily  be  determined  by  weighing  the  amount  of  fat  ingested,  and  that 
remaining  in  the  alimentary  canal  when  digestion  is  nearly  complete,  and 
taking  the  diflerence,  which  must  be  the  amount  absorbed.  The  amount 
of  fat  poured  into  the  Ijlood  by  the  thoracic  duct  during  the  same  period 
can  also  be  dolermined,  l)y  inserting  a  cannula  into  the  duct  and  collecting 
the  chyle,  from  which  the  fat  is  afterwards  extracted  and  then  weighed. 
The  amoiuit  thus  carried  by  the  thoracic  duet  during  the  period  of  active 
al)sorpti()n  is  always  much  less  than  tlie  total  ([uantity  absorbed;  it  has 
never  been  found  to  amount  to  more  than  GO  per  cent.,  and  is  usually 
much  less  than  this.^  The  fate  of  the  balance  of  the  fat  is  unknown ;  the 
tirst  sii;^^^esti«»n  occurring  to  the  mind,  that  it  travels  by  the  alternate 
path  of  the  ])ortal  circulation,  has  not  been  found  to  fit  the  experimental 
facts.  The  ])oital  vein  during  fat  digestion  does  indeed  contain  an 
abnoi"iiial  amount  of  Hn(4y  emulsified  fat,  but  so  does  all  the  blood  of  the 
body,  au«l  the  prcsonce  of  the  fat  is  due  to  the  admixture  with  the  blood 
of  the  chyle  cani(Ml  by  the  tlioraci(;  duct.  On  diverting  from  the  blood 
this  su])|)l>'  (►f  fat,  by  means  of  a  cannula  inserted  into  the  thoracic  duct, 
Zawilski  found  scarcely  any  fat  in  the  blood  during  fat  absorption. 
Xeitb(M-  is  thci(^  any  ditVerence  during  fat  absorj)tion  in  the  percentages 
of  fat  jnescnt  in  portal  and  carotid  blood.*  It  would  seem  from  this 
that  almost  all  the  fat  is  carried  by  the  lacteals,  but  that  part  is 
removed  somcwlicre  in  the  lymphatic  system  between  the  lacteals  and 
the  o])ciiiiiu'  of  the  thoracic  duct :  it  may  lie  in  the  lymphatic  glands,^ 
but  the  subject  re([uires  further  investigation. 

'  i^MluiiHiiii.  Ar<li.  f.  d.  '/'S.  /'/(i/s(o/.,  linnu,  IM.  xxix.  S.  r»00  ;  Minkowski,  L'erl.  mrd. 
ffdntsr/rr.,  IM'O,  No.   1.'.,  S.  ;;:};'.;   i.(;\viii.  Jrch.  f\  <l.   ffrs.    PI, >/si<>/.,  lioiiii,  18l»«j,  Bd.   Ixiii. 

s.  ]-•;. 

•^  Z.nvilski,  .//A.  (I.  <1.  i>}nisinl,  A„^t,  :,/  Lrijr.iif^  18G7,  VA.  xi.  S.  147  ;  Walthcr,  Jrrh, 
f.  Aioit.  V.  I'Inisn.f..  Lr-ip/j.^.  l.s'.M),  S.  ij-j'.t  ;  Kiauk,  Hid.,  1  ^'.^j,  S.  Wu  \  Muiik  u.  iio-veu- 
slciii,   J'irr/i'nr's  A  rrhi  r.   VA.  ixxiii.  S.  4M. 

■*  llei.ltjili.iin,  Arch./.  >l.  qr^.  I'hnsnjl.,  IJonii,  iss^,   ii.l.  xliii.,  Siii)}).  Hflt,  S.  \Kk 

^  Sec  M.  IV. St'  1.  "T(V\t-lMM,k  of  I'livsioloirv,"  pi.  ij.  p.  r.];J. 
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After  a  full  meal  of  fat,  aJjsorptiun,  in  the  case  of  the  dug,  goes  on 
for  ab«3iit  thirty  hours.  At  the  hei^Hit  of  ahsorptioii,  tlie  chyle  in  the 
thoracic  duct  may  contain  uh  niiich  as  15  per  eeut.  of  fat.  Twenty-one 
hours  after  a  meal  of  150  grmn.  of  fat.  Zitvvilfiki  ^  still  fomul  in  the  Btuniaeh 
9'74r  grms.,  in  the  intestine  O  24  grniH. ;  in  thirty  hoiirH  all  hut  tniees 
have  difiapi*eared  from  hoth  stomach  an^i  iiitestiiie.  Throu^rhout  this 
period  of  digestion,  accca^ding  to  the  same  olinei  ver,  tlie  ajuoiint  of  fat  in 
the  intestine  at  any  time  remains  practically  constant  (6-24  to  9"9  grms.), 
from  which  it  %yuuld  seem  that  the  rate  at  which  the  fat  is  allowed  to 
pnae  the  pylunm  is  regidated  hy  the  amount  of  fat  aheatly  present  iu  the 
intestine. 

Nuiie  of  the  soap  which  may  he  furnied  during  fat  <lige8tion  and 
absorption  prolmlily  eycr  enters  the  genend  circulation  as  sueh,  hut  is 
reconverted  into  neutral  fat  hcforehauil ;  as  Mnnk*'  ha.s  shown,  soji]is 
of  the  alkalies  intnivenously  injeeteil  ]>r<iiluee  poisonoUH  efieets,  chmely 
reeembling  those  obtained  on  injectimi  of  alhunio.sus. 

As  might  be  ex|«]Hjted  from  their  si  an  la  r  chemical  constitution,  the 
lecithins  are  decnnqif>sed  in  the  same  maimer  as  the  fats  hy  the  steapsiii 
of  the  pancreatic  juice,  the  YUodueta  of  tJie  reaction  being  glyeerLi- 
phi>sphoric  acid,  neurin,  and  fatty  acids.  These  prod ueta  are  ]rrohahly 
absorhed,  an  is  slutwn  by  their  absence  in  tlie  ficces  after  the  a*! ministra- 
tion of  lecithin  by  the  mouth;  as  well  as  hy  the  increase  of  pho.s}>hates 
in  the  urine  after  feeding  on  lV»ods,  such  as  y(>lk  of  pgg,  rich  iu  Uk  itluu/* 
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The  food  in  the  alimentary  canal  is  acted  upon,  not  only  \\y  the 
digestive  secretions  and  tlieir  enzymes,  Imt  to  a  greater  or  less  extent  by 
certain  bacteria  which  ;oe  never  eidirely  absent,  although  the  lUununL  of 
their  action  varies  greatly,  mider  I  tea  1 1 1  ly  <  -t  nulit'u  n  is,  wi  1 1 1  1 1  le  nn  1 1 1  re  ( *  f  the 
food  and  tlie  class  of  animal.  Under  alniormal  c«»uditions  tlie  growth  of 
these  organisms  may  he  greatly  increased,  and  nutrition  be  seriously 
iriiytaired,  by  their  turning  to  their  own  uses  the  products  of  noiuial 
digestion,  and  leavuig  only  fttr  the  st*l^'ire  of  the  jnuTual,  degradution- 
products,  inade^juate  or  wliolly  unsuited  for  the  ]iur]>ust's  of  it.s  meta- 
IwdisHL  Along  witii  this  iiu'icusttd  growtli  of  tbc  bacteria  nfUTimlly 
present  in  the  stomach,  c(»nditious  may  become  s<t  change<l  as  to  favtuir 
the  growth  ot  other  Imcteria,  often  jtiUlnigenie  in  chHracter,  whicli  find 
under  normal  conditions  no  favoura])h'  soil  for  their  growth  in  the 
Lnlestinal  contents^  an<l  thus  various  forms  tif  disease  may  be  introibiced. 
We  have  here,  however^  only  to  deal  with  the  changes  iuduccd  liy 
bacteria  under  a  normal  condition  of  the  aliuicntsiiT  c^insd. 

In  deeding  with   the  function  of  the  free  bydroc-Idoiic  acid  of  the 

Kbric  juice,  it  lias  already  been  stated  that  this  cojuph'tely  stops  all 
terial  action,^  so  that  it  is  only  in  the  tirst  stage  oi  gastric^  secretion, 
before  the  acidity  has  bee  onie  Uiinked,  tliat  any  bacterial  changes  can  f »ccur. 
Proteids  are   not  att^irkcd  thuing  tliis  first  slmil  stage  U^venty  to 
forty  minutes)  of  gastric  digest  ior^  birt    cm  r  bob  yd  r;  it  es  undergo    to    a 

»Z^.  nt  "  Ardi.f.  AnoL  u.  IlnfsiuL,  L-npzig.  18S>0,  StipfK  Bil.,  S.  lUl. 

*  A.  Bokay»  Ztsehr.  f,  phtfsioL  Chcm.^  Strasiilturgj  1877,  B(J.  i,  S.  157;  see  also  Haae- 
broek,  ihid.,  1888,  Bd.'xii.  S.  148. 
«  See  p*  ZU, 
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slight  extent  lat^tit^  fermentation.^  A  certain  amount  of  deo(  imposition 
of  neutral  fats  alsn  occurs  during  gagtric  tUgestiun,  Yielding  fatty  aciiln, 
but  it  is  not  eertciinly  known  whetlier  this  is  due  to  bacterial  action  or 
not.2 

Intestinal  bacterial  digestion— Baaction  of  the  intestine.— There 
is  considerable  difference  of  upinimi  huth  as  t<>  tlie  amount  of  deej>m- 
position  of  focKLstutfs  due  to  bat^terial  action  which  goes  on  in  the 
intestine,  and  sh  to  the  importiinee  of  such  a  decnrnpoBition  as  a  normal 
factor  in  digestion. 

The  extent  of  bacterial  action  can  evidently  be  more  aceurately 
gauged  by  the  amount  of  bacterial  tlecorniiuRitioii  [troductB  formed  than 
by  the  presence  in  tlie  inteBtine  of  Iwctcria,  wiiich  may  iir*t  tliere  l*e  in 
a  very  active  condition.  i 

Judged  by  thi?i  ^Umi  I  ot  proteid  deeompoaition  due 

to  bacteria  which  takes  Bstine  if^  excessively  small, 

while  a  considerable  an  le  eit^cum  and  large  intes- 

tine generally.     When  iMedds  are  present  in  the 

same  solution  along  Wj  ftpable  of  attacking  them, 

the  carbohydratcB  are  h  on  being  accompanial  by 

the  formation  (^f  certaiv  ater  stage  the  proteids  are 

attacked  and  dccMinpoa  liown  Ity  Maly;^  who  t.o*>k 

mucous  membrinie  of  th  j  1  a  aolutirui  of  cane-angar, 

and  kept  the  mixture  at  \  ;  for  aeveral  dayg.     Tlie  lactic 

acid  formed  by  tlie  decom|Xt?        1  .e  sugar  was  neutraliserl   from 

time  to  time,  a!ul  it  was  found  that  me  jinx- ess  continued  with* nit  a 
trace  of  putrefaction  api>earing,  until  all  the  sugar  had  been  converted 
into  lactate;  tlii^n  firs^t  a})peared,  uften  snmewhat  suddenly,  an  inten^se 
putrefactive  od(air,  and  tlie  pioteids  begiin  t<)  be  decfanposeci 

It  is  probable  from  this  that,  in  tlie  bo^ly,  Imcterial  action  on  carbo- 
hydrates precedes  that  on  prnteids:  and  it  has  been  stipjHiaed  by  some 
that  such  an  action  eonniienees  with  consiflerable  inteuBity  in  the 
duodenum,  and  ]>ersi5^tfl  throut:,niout  the  entire  lengtli  of  the  mnn& 
intestine,  so  invnlviiig  bacterial  decompositiiui  of  a  large  share  of  the 
carbohydrate  fond. 

This  opinion  rcsls  chieHy  on  the  oliservation  that  the  acid  reliction 
of  the  cliyme  in  the  Btomach,  due  to  hydrochloric  acid,  becomes  replaced 
by  an  acid  reacti^m,  due  to  organir  acirls,  in  the  small  intestine.  Thes=se 
organic  acids  are  sup|H>sed  to  l>e  set  free  by  the  action  of  certJiin  bacteria, 
found  in  the  small  integtine,  upon  the  carbohydrate  food. 

Such  a  result  lias  boon  nbUnjiud  l>y  Mia  fa^lyea,  Kencki^  and  8iebprp*  fmm 
observations  iiiadti  011  a  cu.se  of  awws  praienudaralk  in  man,  in  which  the 
fistula  occurred  quite  at  the  lower  end  of  the  ileum.  The  intestinal  contents 
arising  from  a  mixed  diet,  consisting  principally  of  animal  food,  had  as  they 
flowed  from  the  fistula  an  acid  reaction,  equivalent  to  that  of  a  solution  of 
1  per  miile  (»f  acetic  acid;   this  reaction  was  principally  due  to  acetic  aciil, 

^  In  tliis  i>ro(ess  liy(lro<,'en  ^'as  is  set  free  aloii^  with  lactic  and  traces  of  other  acids  ; 
under  ahnoiinal  conditions  the  amount  of  gas  may  he  greatly  increased.  See  E.  Wissel, 
Ztschr.  f.  pliijsiol.  Chem.,  Strasshurg,  1895,  Bd.  xxi.  S.  234,  where  the  literature  of  this 
sui)ject  up  to  that  date  is  given. 

-  Marcet.  /*roc.  Roy.  Sor.  London,  1858,  vol.  ix.  p,  306  ;  Cash,  Arch.  f.  Anal,  u, 
Physiol.,  Leipzig,  18><d,  S.  323. 

'^  Hermann's  "Handhuch,"  Bd.  v.  (2),  S.  239. 

^  Arch./,  cjpcr.  Path.  u.  Pharmakul.,  Leipzig,  1891,  Bd.  xxviii.  S.  311,  reprinted  in  Jaw r?i. 
Anal,  and  Phi/siol.,  London,  1801,  vol.  xxv.  ]).  390.  See  also  C.  A.  Ewald,  Virchow's  Archiv, 
1879,  Bd.  Ixxv.  S.  409  ;  and  Jakowski,  Arch.  d.  sc.  hid.,  St.  Petershourg,  1892,  tome  i.  p.  539. 
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acccimpaiiieti  liy  traces  of  fermentation  and  ^Jtandactic  acid,  volatile  fatty  acids, 
suocinic  acid,  and  bde  acids,  Hydi'LHihlunc  iicid  wae  not  present  TLe 
mixture  had  very  little  odour  ;  occasionally  the  alight  odour  it  had  wfus  fauitly 
putrefactive,  resembling  indol,  but  usually  it  was  more  like  tliat  i^f  vulutdc 
fatty  aciib.  These  authors  slate  that  it  is  the  organic  aeids  present  in  the 
sQiail  mte*itine  which  limit  the  bacterial  deconiposilion  t"f  carlxdiyd rates,  and 
prevent  the  putrefaction  <il  proteids. 

On  the  other  band,  Moore  and  Roekwuod^  stale  that  the  reaction  <*f  the 
intestine  in  various  clanses  of  animals  (di'j^%  cat,  whitr  rat,  guinra-pig,  and 
rabbit)  is  not  normally  aeid  thriiuglmut  its  entire  length,  iiiid  that  tln^ 
alkalinity  increases  in  passing  4uwn  the  intestine. 

The  presence  of  fat  in  the  food  cruises  in  oarnivora  an  aci<l  reaction,  which 
per^is^ts  until  the  lower  third  of  the  intestine  is  reached.  This  acid  reaction  is 
due  tii  very  weak  organic  acid,  most  prnhahly  to  the  acids  of  the  fata  dissolved 
bj  the  agency  of  tbe  bile.*  The  alkalinity  is  nuudi  greater  in  herl>ivura  tluui 
in  cariiivora,  although  lierhivuru  ciaisuine  much  more  rarb^hydrale  foiiil  than 
camivora*  Als*>^  in  carnivora,  the  alkalinity  is  niarkuilly  increase<l  by  carlxi- 
bydrate  food  ;  this  would  not  be  the  case  jf  any  considerable  bacterial 
decomixisition  of  carbdiydratea  took  [*lace  in  the  small  ititestine,  but  the 
alkalinity  would  tliminish  from  increased  furmation  of  organic  acid.s.  It  is 
therefore  prubable  that  in  tliese  aiiiiiiaLs  any  extensive  hacti-riul  ileconi]»oHition 
of  carbohydrates  that  may  uccur,  like  that  of  ph>teids,  takis  place  in  the 
laz|^  intestine,  ajid  hy  analogy  the  same  is  j>ioliM}ily  the  cast'  in  ihf  human 
intestine. 

Considerable  importance  luus  been  attached  to  the  normal  action  of  Ijacteria 
in  the  intciitine,  and  it  has  even  been  supposed  that  the  presence  of  bacteria 
id  essential  to  life.  Such  a  view  has  recently  hcen  sluiwn  to  lie  erroneous  hy 
an  elaborate  and  painstaking  rejsearcli  carried  out  by  K\ittall  !ind  Thierf elder," 
who  obtained  ripe  foetal  guinea-pigs,  by  means  of  a  Ca-.^arcan  sectir>n,  carried 
ont  under  strict  antiseptic  [jrewuitions.  Th(\v  introduced  the  animals  inimedi- 
atelj  into  an  aseptic  Ldiamber,  through  whieli  a  current  of  tillered  air  was 
aspirated,  and  fed  them  hourly  on  sterilised  nnlk  day  and  night  for  over  eight 
da  J  8. 

The  animals  lived  and  tbrovej  and  increascil  as  mmdi  in  weight  as  healthy 
normal  animals,  subjected  \a\  a  siuiilar  ilict  for  the  purpose  of  cifutiulling  the 
results.  Microscopic  examination  at  the  end  of  the  experiment  showed  that 
the  alimentary  canal  contained  no  bacteria  of  any  kind,  nor  could  cultures  of 
any  kind  be  obtained  from  it.  The  same  authors,  in  a  sulxncqucnt  jiaper, 
de^Til:»e  the  extension  of  their  researrdi  to  vegetiilile  food  \  this  was  also  digcsteil 
in  the  absence  of  bacteria.  Under  sii<  li  conditinus  cellulose  was  not  attacked  ; 
hence  they  consider  that  the  chief  function  of  thi^  material  is  to  give  bulk  iind 
a  proper  consistency  to  the  faod,  so  as  to  suit  the  conditions  of  herhivurous 
digestion. 

Action  of  the  intestmal  bacteria  on  proteide.  The  ehnnfjes  br<n;rfht 
ah<»ut  in  tbe  intestine  are  very  similar  and  jnubribly  ideiitioal  with  thi>se 
which  oceiir  when  proteidw  undergo  puLrefaetioii  in  the  air,  with  iImh 
iniportniit  exeejition,  that  tlio.^e  putielarlive  bacteria  wliicli  ]troiba'i'  the 
chiss  of  iMjisonons  nitrogenous  (:ilkah>iilal)  bases  known  as  ]itoinaines  du 
not  gin>w  under  nonnal  eonditions  in  tin'  inl(*sline.  Tbi.s  may  be  due  ti) 
the  intestinal  contents  n(*t  furnishing  a  suitable  niciNuni  for  their  growth, 
or  to  the  time  of  putrefjietiun  in  the  intestine  not  being  HultieieJitly 
prolonged.     Ptomaines,  and  us}»ecially  ]u:iisonuiLs  rmt's,  are  I'oiuaMl  only  in 

*  Jbiim.  Phyaiol.^  Camlaridgtj  and  Lomloa,  1897,  vol.  xxi.  ]j.  373. 

^  Sm  "Digestion  and  AbHoq)tioii  of  l^'utft/'  p.  451. 

^  ZUehr,  J.  physioL  Chenu,  Strassbarg,  ltiS'5,  lid.  xxi.  S.  109;  1S96,  Ed.  xxii.  8,  62. 
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the  later  stages  of  putrefaction.  It  has  also  been  suggested  that  the 
cause  niay  be  the  absence  of  oxygen  from  the  intestine,  the  ptomaine- 
forming  l)acteria  being  aerobic.  That  the  bacteria  which  produce 
ptomaines  are  present  in  the  intestine,  is  shown  by  the  fact  that  cultures 
producing  ptomaines  may  be  obtained  by  sowing  from  the  intestinal 
contents  into  suitable  media.^  At  any  rate,  ptomaines  even  in  traces  are 
not  to  l)e  found  in  the  intestinal  contents ;  and  it  is  fairly  certain  that 
they  are  not  produced  there,  as  most  of  them,  absorbed  even  in  minute 
doses,  are  ca[)al)le  of  producing  profound  toxic  effects. 

The  first  stages  in  the  action  of  bacteria  on  proteids  are  very  similar 
to  those  induced  by  trypsin ;  they  c-an  also  be  brought  about  by  enzymes 
extracted  from  the  bacteria,^  but,  according  to  Kiihne,^  are  not  due  to 
trypsin,  which  is  never  formed  in  bacterial  putrefaction. 

The  first  action  is  the  solution  of  the  proteid,  if  this  is  not  already 
dissolved.  Solution  takes  place  much  more  slowly  than  in  the  case  of 
the  digestive  enzymes,  the  complete  solution  of  fresh  fibrin  thoroughly 
infected  with  intestinal  bacteria  in  faintly  alkaline  solution  being  a 
process  of  some  days'  duration.''  Albumoses,  peptones,  and  the  other 
products  of  tryptic  digestion  are  next  formed,  but  the  amount  of  these 
present  at  any  time  is  never  great,  since  they  are  gi-adually  broken  up 
as  they  are  formed  into  more  advanced  degradation  products.  In  the 
presence  of  jdbniuoses  or  peptones,  the  native  proteids  are  very  faintly 
attacked  h\  the  bacteria,  until  these  have  first  been  disposed  of. 
Neumeistei' ''  lias  shown  that,  when  pei)tone  is  added  to  putrefying  blood 
or  j)roteid,  its  (luaiitity  is  not  increased  by  tlie  continuance  of  the  putre- 
factive ])rocess,  l)ut  rather  diminished  until  it  finally  disappears. 

The  proteid  molecule  probably  contains  a  large  number  of  both 
fatty  and  aromatic  radicles,  but  all  those  l)elonging  to  the  aromatic 
group  yield,  viuhr  tJir  adion  of  frt/j^sin,  only  one  substance,  namely, 
tyrosine.  The  same  is  true  of  all  artificial  modes  of  decomjx)sition  wliich 
do  not  act  bn)  intensely  on  the  primary  products  of  decomposition.^ 
But  witli  tlic  decomposition  produced  by  bacteria,  the  case  is  different, 
and  several  aioniatic  com|)ounds  are  formed. 

These  aie  in  }>art  ]n-oduced  by  further  action  on  tyrosine,  formed  in 
an  eailier  stap',  and  in  part  s})ring  from  a  specific  action  of  the  l)acteria 
on  the  jnoteid,  witliout  the  intervention  of  tyrosine  Only  some  of  these 
])ro(lucis  (tf  hacteiial  deconipositi(»n  have  been  hitherto  found  in  the 
intestinal  canal  :  the  others  are  either,  under  tlie  difVerent  conditions,  not 
formed  theie,  or  are  s«»  rapidly  absorbed  and  altered  that  they  cannot 
l)e  detected  in  the  intestinal  contents. 

The  chief  ar<iniatic  conij)ounds  derived  frcnn  the  bacterial  decomjMisi- 
tion  of  ]»i<»tei(ls  are : — {a)  Tyrosine,  and  its  derivatives,  paraoxyphenyl- 
ju'opionic  acid  (hydro])aracumaric  acid),  and  ]>araoxyphenylacetic  acid, 
as  well  as  ]»lienylpro]>ionic  and  phenylacetic  acids,'  of  which  the  fore- 
<^i\\]]<^    are    the    <»xy-    or    hydroxy-acids,    also    parakresol    and    phenol. 

M)ri.u'-i.    ]).,ifsrli.-  ni'-'J.    Jl'('hiisr/ir..   Leip/i;,',    ls^7,   S.    4G9  ;    Baumaiiii    u.    Udran^kv. 
Zfsr/u:  f.  jihn.rJ .  i'h,:n>.,  Stlassl.u^^^  IS^l',  1m1.  xiii.  S.  r>7n. 

^s.;.  J..  :n:;. 

■'  I'.i.-iiM.n  k.  Ztsr-hr.  f.  kln>.  J/.''/.,  iJrrlin,  ls>4.  li.l.  viii.  S.  1. 

''  /'.srhr.j.  J'.ini.,   Miii.rlKH,   !>!*(.,  li.l.  xxvii.  S.  :;:;:.;    "  L.-lii  l.u.li.  "  Th.  1,  S.  207. 
•^  KiiliiH'  <i;,t;iin<(l   in<l"l   l»y  llic   fusion   ..f  j.rotti<l   with   caustic  alkali.  Bir.  d.  dtufsch. 
dt'in.  (;.^'ll>r}i..  i;,'iliii,  ls7:..'li(l.  viii.  S.  2o.;. 

'  .S(M-  !•:.  Salkou.ki,  /J^rhr.  f.  plui.^nl.  Clou).,  Stras^burg,  Ib^r),  Bd  ix.  8.  -191. 
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\V)  Substauce8  foniietl  directly  and  not  from  tjTosine — iiulul,  .skatol,  and 
skatolrarlxjnic  acid. 

Of  these  HulMaiiees,  Zuiuft^  found  iiidnl,  skatiil,  ]i1ilhii(1,  and  i^ara- 
kre^ol  in  the  large  intestine  nf  man,  hut  .skatolcarhnnic  arid  wa.s  al>.^ent; 
tliis  latter  acid  has  not  yet  hwn  detected  in  lire  intestincv  According 
t^j  K  Salktjwrtki,  it  is  excreted  uuelianged  in  tlie  urine,  and  lie  states  that 
he  hai^  detected  it  iJi  nurrmil  uiine.^ 

These  several  suhstanees  may  now  }>e  eonaidcred  scrudim. 

Deriisatives  of  if/roi^ine  j'oi'mt'tl  in  lifdn'/aclifm.''- — Iff/fbv]tanicUNiun'r  arftf^ 
or  paracfXt/pheniflpropionic  arid  (li*  KC,ii(»C^tfj.Cr)OH)  irrystidlises  from 
water  in  anhyilrou^  inntHK-Htnc  cry.stals,  ineUiii^  ut  125-128'  C,  snlul^le 
ill  water,  alcohol,  und  ether.  It  gives  a  tmnsit'iit  hhu*  crilfiration  with  ferric 
chloride,  ami  «  rc<l  colonitiou  or  red  prccipitato  whtMi  hoileil  witli  Mdlnii*s 
reagent.  It  i^s  the  *)xy-acid  of  phenyl propionii-  nciil,  whii  h  luis  also  been 
found  among  the  putrefat'tion^pruiiui't;^  of  pruteiiiH.  I'henylja'opioiiic  acid 
riystallises  in  sl<^nder  needles,  meltitig  ot  47''-48' (J,  (13  rt  280' C).  As 
follows  from  it^  constitution,  its  Nohuinns  do  in>t  give  Milton's  leai'tion. 

Paranjrijpheniihjreiir  acid  (IH  *.C,  ni.CH..COnH)  rrvstdlises  fnan  water 
in  prismatic  eryHt;i!s,  lueltiiig  at  148  C,  and  Holuhte  in  water,  alcohol,  anrl 
ether.  With  ferric  chlori(te  it  gives  a  faint  vii»let  culoratinii,  ihaiigirag  to 
a  dirty  grey-greeiL  It  also  gives  Millnn's  rcactiim.  Pin  nylai-etic  acid 
crystal liscs  in  ^sailes,  wdiich  mtdt  at  76 ^"oC. 

Pherutl  an*]  pantkremi  *  are  also  formed  in  the  bacterial  ih-t  uni[)ositi()n  of 
tjrroeine;  they  are  altsorhed  fr^jm  the  alimentary  canal,  and  after  conversion 
into  ethereal  nulphates  are  excreted  in  th«  urine.  Tlie  anmunt  of  lliese 
ethereal  sulphates  in  the  urine  gives  a  uieasnrc  of  the  amount  of  haclerial 
deerira[«><5ition  going  on  in  the  intestine.'' 

Tyri>sifie  and  its  diuivutives  are  very  rlost-ly  relati-il  to  i*nv  jnmther.  In 
the  derivation  of  these  componnds,  arcnnHn]U'  to  liaumann/'  tyrnsine  (parar^xj- 
phenyl-a-amidoproi (ionic  acid)  nndt'igncs  reihir-tion,  annnnuiii  hcing  s[iHt  nH*, 
and  h3'dmparacuniaric  acid  {paranxy[fhenylpn»piorjic  acid)  formed.  This 
coiiip<iund,  hy  a  fierie.>^  of  oxiilations^  acc:nmpatnf'd  l>y  a  s[tlitting  Dlfof  (arhim- 
dioxide,  yields  fiaraoxyphcny  lace  tic  acid  and  parakresnl,  Puriikrcsol  i.s  said 
ti>  similarly  yield  phentil. 

These  changes  are  illustrated  hy  the  fnlliiwing  ci[natioiis  :^ 

/OH  (p)  OH  (p) 

C,H/  +   11.  ^CJ]/  +NH, 

^CH,.CH(XH.,).CO()H         "  (■II,.ClI.,.Cnu]l 

(fjarftOiVjtlRinyl-a'aniidijprojiioaic  { (mrrnixyphif'Tiylinonioiiirr  arid 

at'id  or  tyrosine)  ui  hydrojuira^uHiniic  mid) 

/OH(p)  /i)ll(p) 

2C^H^(  +  30.  =  2CJI/  4-  :lCiL  +  2H.0 

^CH,.CH..COOII        "  Cl[,.Cnoil 

(pftraoxyplienylpropiunic  acitl)  (piiraoxyiklu  nylatilic  add) 

*  Arch,  d,  »r,  Wv?/.,  St,  Puterslxjurg,  U\*I,  vol.  i.  [k  4y7. 

^  Ziscitr,  f.  phyHiol  Vhnn,,  Straf^slmrjL?,  IH,S5,  Rd.  ix.  8.  rS'J, 

*  See  i3*umiiim.  ZLichr.  f.  ph}mt>l.  (%:m>^  .Stni.sHbin>(,  1877-18S0^  Bd,  i,  S,  GO  ;  iv.  S.  :iii  1  ; 
Ber.  fi,  druit^h,  dwm.  Omlhch,,  liiirliii,  1879,  IM.  xii.  .S.  14r»0  ;  18H0.  \\^\,  \m.  S,  27^; 
BaumaniJ  and  IMegcr,  Ztschr,  f,  phjshL  Cfum,,  Strayslmrg,  lH7y,  Ud.  iii.  8.  141);  E, 
mml  H.  Siilkowski,  I^er.  iL  ilrutMh,  ckcm.  Gcsdh^h.,  Ikrlin,  1871^,  li^l,  xii,  8.  018;  E, 
Salkowaki,  Ztachr,  f.  phimol.  Litem,,  Stnisjiburg,  14S7«-y,  Bd.  ii.  8.  420;  Wcvl,  ibi(Lf 
1S77-0,  Bd-  L  S.  Sh  ;  iii.  S,  312. 

*  For  «  defcriptioi)  of  tljR  pliysiail  mid  i  li<  saiicnl  prupt^rtifH  of  tljc»t»  liodies,  see 
G«mgee,  **  Physiol o>{ical  (licniiatry  of  tlic  AiiiaiJil  llody/'  l?<!*i)t  vol,  ii.  p,  434, 

*MUmAiin,  ZtMhr,  f.  phyHid.  hhrm.,  SUiksslmix,  l^sa^^  tid,  x.  8.  123. 
^  Ber,  iL  cUuftdi.  chenu  i'cMlUch.,  IkirJin,  157^,  Hd.  xii.  S.  1450. 
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/OH  (p)  /OH  (p) 

C^H  /  =CeH  /  +  CO, 

^CHyCOOH  ^CHj 

(paraoxyphenylacetic  (parakresol) 

acid) 

/OH  (p)  /OH 

2CJl/  +30,  =  2C8H/        +2C02  +  2HjO 

^CH,,  *  \h 

(parakresol)  (phenol) 

By  a  process  of  reduction,  the  oxy-acids  probably  yield  the  phenylpropionic 
and  phenyl  acetic  acids  which  have  been  found,  thus : — 

OH  (p) 
C,.h/  +  211  =  CcH,.CH2.C00H  +  H.,0 

^CTI..COOH 

(paraoxyphenylacetic  (phenylacetic 

acid)  acid) 

Aroniatic  hodp/s  found  in  putrefaction  not  formcAl  from  tyrosine. — Indol, 
skatol,  and  skatolcarbonic  acid  are  not  formed  by  bacterial  action  on  tyrosine, 
and  their  mode  of  formation  is  not  very  clearly  known.  According  to 
Baumann,^  they  arc  not  primary  products  of  bacterial  action  on  the  proteid 
molecule,  but  are  formed  in  the  decomposition  of  an  intermediate  Wly,  which 
is  soluble  in  a  mixture  of  alcohol  and  ether.  E.  and  H.  Salkowski  -  support 
this  ('(Uiclusion.  Nothing  further  is  known  of  this  intermediate  substance, 
except  that  it  is  not  peptone.  Xeumcister'^  considers  it  possible  that  these 
substances  may  be  synthetically  built  up  by  the  bacteria  from  simpler  aromatic 
compounds.  Jndol  and  skatol  are  formed  from  this  mother  substance  in 
varying  proportion,  j)rol)abIy  due  to  the  action  of  different  bacteria,  but  these 
have  never  been  isolated. 

Indol,  skatol,  and  skatol  carbonic  acid  belong  to  the  indigo  group  of  aromatic 
compounds.  Indol  on  oxidation  yields  indoxyl,  and  on  further  oxidation, 
this  yields  indigo  ]>hie.  By  an  inverse  process  of  reduction  from  indigo  blue, 
indol  can  bo  obtained."*  To  indol  and  skatol  the  fa?ces  owe  to  a  great  extent 
their  peculiar  uiijjleasant  odour. 

/Nil 
In'Inl;'   C^.\\/  /^CH,   crvsl(dlises  from  water  in  small  scales  (M.  P., 

52'  C,  B.  B.,  L'B")  -  24G  C).  It  is  fairly  .'soluble  in  hot,  less  so  in  cold  water, 
and  is  oa.-ily  soluble  in  alcohol,  ether,  chloroform,  benzol,  and  petroleum  ether. 
B  distils  oVLT  with  steam;  this  i)roperty  may  be  used  to  separate  it  from 
other  putrefaction  j)roducts.*^  In  long-continued  putrefaction,  indol  gradually 
disappears  ;  accoi'ding  to  Salkowski,  this  is  due  to  eva])oration. 

Indol  may  hv.  recognised  by  the  following  tests  : — 

1.  A  wo(»(l(»n  Tiiatch  moistened  with  strong  hydrochloric  acid  and  then 
dij»ped  into  an  alcoholic  solution  (if  indol  turns  a  cherry-red  colour. 

1  Jlrr.  d.  <!rutsrh.  riifni.  Cc^rJ/srh.,  lU-rliu,  ]SMO,  lid.  xiii.  S.  '2^1. 

-  Zf.o'hr.  f.  phuslnl.  ch,  /„..  Str:i^.sl)nrL,%  hsM.  lid.  viii.  S.  ^\'^  1  ;  .see  also  ISeiicki  and  Uovct. 
M<.,utfsh.f.  r/,.nt..  Wi.ii.  ls.sr»,  I'xl.  X.  S.  f.OG. 

^'  •'L.liil.urli.  <|.  |.liv.siol.  Clieiii..*"  .Iniu,  IbW,  Th.  1,  S.  200. 

•*  N. -nek i,  y.v /•../.  f A ■'///.rA.  ,/,.n>.  (ii's.  Ilsi'l, . ,  liciliii,  IST.'s  Jid.  viii.  S.  rll  \  P.aumann, 
11.   I'rieu'.r,  /fs.-hr.f.  jJnfsin/,  Chen.,  Stra.s.sljur<;,  1871'.  I'.d.  iii.  S.  2.'.4. 

'   iiarvtr.  Ann.  <l.  CJuj/i.,  Leipzig',  Pxl.  c\l.  S.   'iJ'T*  :  Supp.  Pd.  vii.  S.  r.O. 

''  I-'(»r  iiirlliod  olisolatioii  IVom  these,  see  (laiii;^a'e,  "  Pliysiolopeal  Chemistry,  etc.,"' vol.  ii. 
p.  421  :  or  K.  and  II.  Salko\v>ki,  Ztsdir.  f.  jtJiysloL  r//t///.,\Strasshurg,  1884,  Bd.  viii.  S.  417. 
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2.  An  aqueous  solution  of  indol  treated  with  fumimj  nitric  acid  tuniB  a 
bright  red  colour,  and  on  standing  a  red  prt'cipitiite  is  formed, 

3.  When  sodium  nitropruKside  is  suhled  to  a  voi-y  dilute  solution  of  indol, 
Mid  afterwards  caui>ti€  siodsi,  the  mixture  turns  w.  i\i^v\i  violet  Ijlue^  passing  into 
a  pure  blue  on  making  faintly  acitl  with  acetic  aciil,  and  disappearing  with 
excess  af  acid  (Ivegars  reaction).^ 

Sk(U€i^^  Gfi/  yen,  is  inethyldudol ;  it  crystallises  in  similar  form 

to  indol  (M.  R,  95' C,  B.  P.,  260"  -  266  C).  It  also  poasesses  muih  tho 
i^me  soluhilities  as  indol,  and  is  volatile  with  st^^am.  Passed  through  a  red* 
bot  tube,  it  decompo.=?ea  iriud  yitddw  indoL 

It  is  distinguished,  in  additinn  to  its  physi<  al  pniperties,  by  the  following 
tasta: — 

L  Infttead  of  a  red  precijntate,  as  in  the  case  of  iinlMJj  it  gives  a  milky 
turbidity  when  treated  witli  fuuiing  uitrie  nt;id, 

2.  In  I^gal's  test  (riifp  .<np}xt)  it  ^ivtM  an  int<*U8e  yellow,  tKniirig  violet 
with  acid, 

3.  It  dissolve.^  iu  com^entrated  hydroehlori^^  aiid,  ^riviiijj;  :i  hi^'lily  eoloured 
s«:>Iation* 

Ikith  ind<d  ami  skatol,  dissolved  iu  heuznl  in  eiaifentratril  solutiim,  give, 
with  a  saturated  solution  of  picrit!  aeid  iu  ben^iiL  a  c  nip  of  tiue  red  t  ry.stals. 
T\Tien  the  compound  of  indol  and  picrit?  aeid  h  tieateil  with  caustic  su<la,  and 
diMilled,  the  indol  Ls  decoiapo?ied  ;  under  mmiliir  conditions  th<!  skatol  pierie 
acid  oompfumd  yields  skatol  wliirh  is  not  dcnimi>nscd. 

.  N  Jl  . 
Skatol  carbonic  acid/*  CqH^x  iC'COOlI,  crystallises  in  scales  (^L  P., 

164°  C),  sparingly  snluhle  iu  water,  e^^ily  f^oluhle  in  al<  liiol  and  ether.  Heated 
above  its  melting  jKant,  it  lireaks  up  into  nkatol  and  <  aihou-dioxidc. 

It  may  be  identitied  by  tlie  frdlnwing  tci^ts: — 

L  It-B  aqueous  .solution,  treated  with  pure  nilrit!  aciil  :nnl  afterwririi.H  with 
potassium  nitrite  solution^  turri8  a  cherry  red  ci"[«nir,  aud  ih  |>o>iu^  a  \vt\  pre- 
cipitate, which  is  dissolved  hy  acetic  ether. 

2.  Its  aqueous  solution,  treate<l  with  an  etpial  vohiuie  of  hydroehliirir  a<'id 
(ap,  gr-  1'2),  and  afterwards  with  dilute  hleachiui^  prrwdcr  snlulioj),  ^nadurdly 
tanis  a  purple-red  <M>lour»  and,  after  Ion*,'  .standiniXj  deposits  a  pur] ►le  red 
precipitate,  easily  soluble  in  alcohol 

3.  A  very  dilute  solution  (1  in  10^000  of  water),  treated  witli  a  few  ilroj)3 
of  bydnichlorie  aeid,  then  with  a  few  drops  of  a  very  dihite  siilution  id  ferric 
chloride,  and  heated,  gives  an  intense  violet  cf^loun  Alure  roucentrated  solution 
gives  an  intense  eherry-red  colour. 

The  aromatic  cnm[»ounds  rr'sulting  frnui  baeterial  decomposition  in  the 
intestine  are  to  a  considerable  extent  absorbed,  Tymsinr  absorbed  as  such 
disappears;  it  is  decomposed  and  eomj>h-lely  oxidisid  in  the  tissues  witliout 
the  fonnation  of  urea.  The  non-nitrn^c-nouB  substances  resulting  frnm  it.s  de- 
composition by  bacteria  (as  well  as  indol  and  skatol)  are  not  enmpletely 
oxidl'=sed,  but  are  excreted  in  moilihed  form  in  the  urinr,  (nuibiued  cliictly 
with  sulphurir  acid,  as  ethereal  sulphates,  Ijut  also  in  prirl  with  glyrocoll  and 
glyeuronie  acid.  In  tliis  way  the  prisonous  [noperties  of  the  phenols  and 
similar  compounds  are  remove"),  for  the  ethereal  sul[>hate3  formed  are  very 

>  Bresiau,  drzil.  Xt^kr.,  1893. 

»  Briejjer,  Ber,  d.  thufj^h.  ch*'m.  f/t'selhrk,,  lit- 1] in,  1^77,  VA.  x,  S.  1023. 

*  £.  and  H.  Sulkywaki,  Zinchr* /.  phystnl,  ('lum.,  Stru-^burg,  IbS.'i,  bd.  ix,  S.  8» 
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stable  compounds,  which  are  excreted  unchanged ;  thus  phenol  and  kresol  are 
eliminated  as  potassium  salts  of   phenylsulphuric  acid  and  kresolsulphuric 

/OC.Hj  /OC,H,-CH, 

acid  respectively,     SO./  ,       SOo^  • 

"^OK  ^OK 

Indol  and  skatol  are  to  a  considerable  extent  excreted  with  the  faces. 
The  portion  which  is  absorbed  is  first  oxidised,  yielding  indoxyl  and  skatoxyl, 
and  these  are  then  united  to  form  sulphates  with  potassium-hydrogen  sulphate, 
thus : — 

.CH^  /^'O^^  .C-(0S03.K). 

^XH/  ^  N  H  /  "\  NH--- 

(iurlol)  (indoxyl)  (potassium  indoxylsulphuric  acid) 

The  aromatic  oxy-acids  in  j^art  are  found  in  the  urine  as  simple  salts, 
and  in  part  (u:>mlnned  with  sulphuric  acid.  The  simj^le  aromatic  acids  (phenyl- 
acetic  and  plienylpropionic  acids)  are  chiefly  found  united  with  glycocoll. 
The  i)lienyl])ropionic  acid  is  first  changed  into  benzoic  acid,  and  then  unites  with 
glycocoll  to  form  hippuric  acid  (benzoylglycocoll,  C,3Hr^.CONH.CH.>.COOH). 
The  ])henylacetic  acid  unites  directly  with  glycocoll  to  form  phenaceturic 
acid((:",JI,.CII,.CO— NH.CII..COOH). 

Besides  these;  substances  belonging  to  the  aromatic!  series,  there  are  formed, 
during  the  i)utrefactive  decomposition  of  proteids,  a  number  of  substances 
belonging  to  the  fatty  series.  The  chief  of  these  are  leucine,  the  ammonium 
salts  of  a  number  of  volatile  fatty  acids  (caproic,  valerianic,  and  butyric), 
methane,  hydrogen,  sulphuretted  hydrogen,  and  methylmercaptan  (CHo.SH). 

Action  of  the  intestinal  bacteria  on  carbohydrates.— The  carbo- 
hydrates sutler  much  more  ])acterial  decomposition  in  the  intestine 
than  do  tin*  ])r()teids.  Not  only  are  tlie  sugars  formed  in  digesti(»n 
attacked,  but  staicli  is  directly  attacked  by  some  bacteria/  and 
cellulose,  so  far  as  it  is  decom]>osed,  owes  its  changes  t(»  bacterial  action. 
The  ])ro(lu(ts  formed  in  such  l)acterial  actions  on  tlie  carlxdiydrates 
aie  sim]>lcr  in  their  com]K)sition  than  those  produceil  during  putrefaction  : 
they  consist  cliielly  of  ethyl  alcohol,  lactic  (active  and  inactive),  butyric, 
and  siicciiiic  acids,  accompanied  by  carbon-dioxide  and  hydrogen. 

X«Micki,  Macfadyen,  and  Sicber*^  isolated  seven  diflerent  intestinal 
bacilli,  of  \\ liich  five  acted  only  on  cai-bobydiatc^s  (dextrose),  and  the 
other  t\\«>  niaiidy  (Hi  proteids. 

('ellulose  is  altogether  unattacked  by  any  <>f  the  digestive  juices  /// 
rifiu)\  nc\'crtlieless  it  disap])ears  to  a  very  consideiable  extent  in  natural 
digestion.  Kx]>eriments  on  herbivora  show  that  00  to  70  ])er  cent,  of 
the  cellulose  (lisa]>j)eais,^  and  even  shavings  and  ])a])er  mixed  with  hay 
and  given  to  slice])  oidy  ])artially  rea])pear  in  the  fu'ces.  Experiments 
<ni  man  sliow  that,  according  to  the  condition  and  form  of  the  cellulose, 
amounts  \;iryiiig  from  4  to  (iO  ]»er  cent,  are  <ligcste<l.-^ 

Of  the  maimci-  in  which  this  cellulose  is  broken  u])  or  dissolved  we 
know  nothing  with  ceitainty.     Ihinge*''  su})poses  that  the  epithelial  cells 

'  AVcrtiii.UK  /ixrj,r.  f.  ylnjsUJ.  (Jhcm.,  Stras.>].ur;;,  1  Ss-_>,  Pd.  vi.  S.  2J»3  ;  Lauder  I>runt..n 
and  M.ir|;idv.  II,  I'rnr.  J:,,y.  S,>r.  Lo,n/on,  1>>1»,  vol.  xlvi.  p.  51-2. 

-  Arrh./.  »'.i-p' r.  I'itf],.  n.  I'Jia nuul-oL,  I^cip/ig.  ]S!»1,  I'd.  xwiii.  S.  311.  Rejuinted  in 
Jniirii.  Anat.  «,ul  J'hns;.,/.,  LoikIoii,  1.^01,  vol.  xxv.  p.  390. 

^  llaul.ji.r.  /tsr},r.f.  La,uJ>rlrthsch'iff,  L^^f.,  S.  177. 

•*  ^V.•isk.■.  Zischr.  f.  Jiiof.^  MuiK'licn,  1S70,  i>d.  vi.  S.  -l.',0  :  v.  Kniniem,  ihhl.,  is.s:,, 
IM.  x\i.  S.  r»7. 
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of  the  intestine  {>o.s8e8s  tlie  f unt'tion,  by  means  of  a  ferment,  of  diBBolving 
the  cellulose;  this  may  he  so,  but  no  mich  ferment  baa  ever  been  vshown 
t4i  exist.  Bunge  suiiports  his  suggesti<jn  by  analogy  witli  tbe  action 
of  S4>nie  umcellular  tngani,sm«  i*n  ft^lbilose.^ 

ExjRisetl  tij  tlie  ai'tion  ljI'  certain  organiBms^  cellulose  undergoes 
fermentation  with  tlie  setting  free  of  marsh  gas  (CH^),  and  the  forma- 
tion of  aeetic  and  butyric  aeid^ ;  how  mueli  of  tlie  altered  cellulose  goes 
in  this  way  in  the  digestive  ]>ropess  is  unknown.  Tajipeiner^  testeil 
the  action  of  the  intestinal  biioilli  nri  cotton-wrM>l,  by  scMiking  this  in  a 
1  per  cent,  solution  of  Imuillon  and  inoculating  with  the  bacilli.  Fer- 
mentation with  development  of  gas  commenced,  ami  there  were  formed 
in  the  sidution  free  fatty  aciils  (up  to  ami  infliiding  valerianic  acid), 
while  the  cotton- wool  nearly  all  dissolved.  Tlie  gases  set  free  were 
marsh  gas  and  earbon-dioxi<le.  Tlie  nature  of  the  products  varies  with 
the  organism  acting  on  the  cellulose;  thus  llopjie-Seyler^  ubtahied  tbe 
same  gases  accom]Kuned  by  a  dextrin -like  t^olistauce,  by  tbe  action  of 
pcmd  liaete^ria  on  celbdosc  in  tbe  form  of  iiltcr  |>^Lpcr,  but  did  not  observe 
the  forma tiim  of  any  fatty  aeid.^. 

Exjieriments  rm  the  artiHcial  digestion  of  eellnlo.sc  in  tbe  form  of 
new  hay  were  made  by  llofmeister,*  who  showed  that  the  intestinal 
juices  of  the  h(»rse  were  c^i]>alde  of  dissolving  nearly  SI)  per  cent.  o(  tliis 
niitterial.  No  buination  of  sngiir  but  .some  fermcntatirm  um]  devcloji- 
meut  of  gas  were  oli served. 

The  most  ini]Mirtiiiit  uses  of  eelbdijsc  lie,  however,  not  in  its  value 
aaa  nutrient  foodstutf,  but  in  giving  ludk  atnl  Irfoseness  to  tbe  food  and 
in  mechanitiaUy  inducing  |>eristalsis  liy  irritation  of  tbe  intestine/*  For 
fchifl  reason  cellulost*  becomes  an  alisolute  necessity  for  animals  with  a 
long  intestine,  such  us  tbe  herbivoni.  Urd ibils  Uh\  on  fftod  free  fnim 
cellulose  rapidly  die  from  intestinal  iutlarumatioTi :  but  if  the  same  fond 
he  mixe«l  witfi  such  an  inert  sultstance  as  horn  shavings,  nutiitiou  goes 
on  (|nite  normally,  and  the  animals  eontimie  in  jierfcct  health,  although 
the  Imni  shavings  remain  entirely  nnalt(*red/^  The  c^imivora  with  tlunr 
short  intestine  require  no  sucli  aid  to  peristalsis:  but  in  nnimnls  in  an 
intermediate  position,  such  as  uuiu,  hulky  or  cellulose-t  <intairiing  food, 
wliile  not  indispensable,  is  from  a  dietetic  iioint  of  view  exceedingly 
desirable. 

Action  of  the  intestinal  bacteria  on  fats.— Tnder  a  nt^ruial  con- 
dition of  the  intestine,  it  is  jtrohuble  that  very  little  deeompositi<m  of 
tlie  fats  by  bacteria  takes  pbu'e,  but  under  uhnonujd  couibtions,  such 
as  the  absence  of  the  bile  or  pancre;jtir  juic^e,  they  are  alioost  cniii]>leti'ly 
decomposed  into  fatty  acids,  whirh  pass  out  unahsorbed  along  with  tbe 
faicea  The  lirst  aetion  of  biitteria  on  fats  consists  in  setting  tree  the 
corresj Minding  fatty  acids ;  these  are  afterwanis  partially  broken  down 
into  mixtures  of  fatty  acids  lower  in  the  series,^ 

Lecithins  undergo  a  similar  deenm|Kisiti<ai  by  hai'teria  uutler  anae- 
robic eonditions ;  they  jit  first  are  sj*lit  up  into  glyceri>|jbos]iborie  aeid, 
fatty  acids,  ami  elK^line.     Afterwards,  tbe  rhnbne  is  ilo<  uiii|inseil  with 

*  B,g.^  Vampyrena  ;  Cifokouski,  Arrh.f,  im'lr.  Jiw/.,  ISiiiin,  ISOfi,  Ud,  i,  S.  20:1. 

*  Ztachr,!  BioL,  Mituchi'i],  IWSl,  IM.  x\,  S,  ,Vi  ;  thuL,  18S8,  IV\.  xxiv.  S.  I0f». 
^  ZUithr,  I  phywioL  t7(^m..  JStraHH^air^r,  JS8»i,  \V\.  %.  S.  40L 

*  Jrth.f.  iciAS'tLSch.n.  pndL  Thinh.,  rkrliii,  ISSw^  VA.  xi.  S,  4ti. 
'  Hungc,  "  Pli  yHiologicHl  am!  PiUliolo^iral  (liiTnistiyt"  1^1*1,  \k  J-'** 

*  T.  Knieriem,  Ztuckr.  f.  Ifio/.,  Shnirhfii,  1885.  H*l.  x\i.  S.  ti7. 
'  Grbger,  ZtscAr,/.  aug.  Chem,,  Borliji,  I8SI1,  S.  02* 
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formation  <  ^f  carlj<jii-  ioxide,  methane,  and  ammonia ;  but  if  ak  is  present, 
neurin  antl  iiiusairin  are  also  formed  in  the  proeeas.^ 


co^^posITION  of  f^ces. 

Amount  and  mnsistcjiei/.^^Tln^  ci insistency  of  the  contents  of  the 
small  intestine  in  thti  upper  two-thirds  to  three-fonrths  of  its  length 
is  fairly  iuiif«>rm,  tlie  anionnt  of  water  abf^irlied  in  this  iiait  being 
approximately  balanced  by  that  added  in  tlie  dige.^tive  lluida  But 
in  the  lower  part  of  the  smal!  intestine  the  amount  uf  water  absorbed 
begins  to  exceed  that  secreted;  the  intestinal  contents  hecoiae 
thicker,    and    the    tlnu     '     "     w         '  of    Bolid,    nndige^sted,    or 

partially  dit^osted  food  ■  ting  in  it,  which  is  unually 

found  in   tlie   higher  '  e,  is  replaced   by  a   [*agty 

or  8emi-S"4id  mass.     /  ong  the  large  intestine  the 

process  ol  abHor|ition  fied  intensity,  and  a    large 

amount  of  water;  tnget  olrU  in  sohitifai  of  service 

to  the  eccmoiuy,  is  rem  3om]ilex  niixture  of  variinis 

useless  or  unused  ma*  8  the  cr>n8i.^tency  of  a  snft 

solid  before  the  (^omph  1  is  liually  ejected  from  the 

rectum.     The  consistei  d!  ns  the  anumnt  excreted 

per  diem,  varies  withl  ^  .n   the  character  of  the  forMl 

and  the  duration  of  its  pai        \  J\  the  intestine.     Even  in  the 

rectum  the  ]mjees8  i»f  al>sor]HJon  g^^  ..j.and  faeces  retained  here  become 
dry  and  hard.  The  fa^ees  pa^^ed  on  a  vef^etable  diet,  or  on  a  diet  con- 
taining a  liberal  allowance  of  vegetables,  are  both  much  softer  (i,e, 
contain  mnre  water)  and  nnieli  irreatcr  in  h»tnl  r[uantity  of  rlry  solids 
than  thosu  uii  a  meal  diet  alone.  Tiie  iucrease  in  the  quantity  oi  Buiius 
is  due  to  tlie  vegetable  food  containing  a  much  higher  percentage  of 
undigestible  tissue.  The  softer  consistency  arises  from  the  stimulation  of 
the  mucous  membrane  by  the  undigested  remnants  of  the  vegetable 
tissue,  causing-  increased  peristalsis,  so  hastening  the  transit  through  the 
intestine,  and  sliorteniug  the  period  of  absorption.  This  stimulating 
action  of  ve<^^e table  food  adds  greatly  to  its  value  in  a  mixed  diet.  In 
consequence  of  the  absence  of  tliis  stimulus,  the  period  of  defjecation 
is  greatly  prolonged  on  a  purely  flesh  diet,  and  may  only  take  place 
at  intervals  of  several  days.  The  amount  of  faeces  daily  excreted  by 
man  on  a  mixed  diet  averages,  according  to  Voit,^  120  to  150  grms., 
containing  :>0-37  grms.  of  dried  solids;  on  a  vegetarian  diet,  the 
average  amount  obtiiined  was  333  grms.,  containing  75  grms.  of  dry 
material. 

Colour. — The  colour  of  the  faeces  varies  greatly,  being  mainly  influ- 
enced by  the  nature  of  the  food.  On  a  diet  of  meat,  the  colour  is  dark 
brown  to  }»iteh  black,  due  to  bamatin  and  to  ferrous  sulphide,  formed 
by  the  action  on  ha-moglobin-derivatives,  of  sulphuretted  hydrogen 
generated  l»y  bacteria  in  the  intestine.  Administration  of  iron  or 
l»ismutli  salts  produces  a  similar  effect.  A  liberal  allowance  of  bread, 
especially  (»f  the  coarser  varieties,  in  the  food,  gives  rise  to  light  yellow- 
coloured  faces.  Fat,  wlien  eaten  iu  greater  quantity  than  the  animal 
requires,  is  excreted  with  the  faces  cliiefly  as  fatty  acids  and  soaps,  and 

^  irasel)r.Kk,  Ztschr.  f.  phmiol.  Chcm.,  Strasslmrg,  1888,  B<b  xii.  S.  148. 
-  Zl.schr.f.  BinJ.,  Miinclum,  1889,  Bd.  xxv.  S.  264. 
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onaee  the  faeces  to  have  a  yellowish  or  clay-colotired  appearance. 
Snch  fatty  stools  also  result  when  imperfect  fat  absorption  is  caused  hy 
stoppage  of  the  hile  duct  The  derivativeH  of  hile  piguieiits  also  con- 
tribute to  the  colour  of  tlie  facew,^  *ind  part  of  the  brown  colour  of 
normal  f^ces  arises  from  these,  although  it  i,s  prnbalily  due  in  greater 
measure  to  hiematin.  Administration  ojf  ealomch  by  arrcHting  bacterial 
deccMU position,  prevents  the  reduction  of  the  bile  pigment,  wJiicfi  ttieu 
appears  in  the  fiece.s  as  biliver^hri^  and  prodn<'es  a  green  colour*  Tlie 
similar  colour  of  meconium  shows  that  liacteriu  are  absent  in  tb*^  foetal 
inteetine.  (jfreen-co loured  fa'ces  are  al«o  exerc4cd  lV>r  yome  time  after 
birth,  until  the  normal  bacteria  of  the  iiitesiiiie  graihudly  aciiuire 
possession,  when  the  biliverdin  is  refhieed  and  the  bices  asHiime  a  laown 
eolour. 

Readion. — The  reaction  of  the  f^ecen  is  also  variable.  According  to 
HammarBteti,^  they  may  often  be  alkaline  on  tbe  surface,  fnnn  emitact 
writh  the  intestinal  mucous  nutiiiliraru%  while  aei^l  witliin  tlie  mass. 
Gamgee  ^  states  that  the  facos  in  man  are  n<unailly  alkiditn^  and  very 
exceptionally  present  an  acid  reaction.  Wegscheider  ^  bit  nut  I  he  fa^ees 
normally  acid  in  infants. 

Cf/mjKHfition. — The  fa:ices  are  an  exceedingly  com]»lex  mixture,  i  nn- 
.  taiuiDg  snltstaneeH  of  vjiriouH  origin  and  i'laistilutmn,  soluble  and 
insijlnble,  rierived  frma  the  biud,  tin*  Itilc,  and  tlu^  lU'lritus  (»f  tfie  in- 
testinal  surface.^  T[m_'  ininiber  uf  thi^se  innqionouts  is  su  large,  and  tlie 
am o  Q n  t*  i  n  w  Me  h  t  h  ey  a  re  \t  r es  e  1 1 1  so  \'  a  r  i  a  bl  i  * .  t  b  a  t  t  a  b  1 1  *s  o  f  <  [  a  a  n  t  i  t  a  I  i  v  e 
C'Jiu]Josition  possess  little  value. 

The  undissolved  Hubstances  consist  of  fiagments  of  umligested  food, 
such  aa  pieces  of  vegetables,  mnsele  [ibres,  ctanieetive  tissue,  elastic 
fibres,  and  small  laasses  of  casein  and  fat.  Tbe  amount  nf  tln*se  is 
largely  increased  when  the  snpply  of  fnnd  trd\en  in  is  ninro  tlian 
sufficient  to  satisfy  tlie  dciiiaTnls  of  the  body.  A  ndrrosi-Dpic  exaniina- 
tion  further  shows  epithelial  cells  ilerived  frnm  tlie  intcstiju^  stareh 
granules,  fat  globules,  and  oecasionally  crystals  <>f  magnesinm  and 
ctalcium  phosphates,  and  of  aj union ia-niagiiesioin  ]jli^>spbate.  1  besides 
these^  there  is  present  tbe  indigestibli'  rrsiduc  of  varimis  ['(HKlstuHs, 
such  as  nuelcins  froia  nai'loo-piotcids,  keriitin  fnan  t'pi<lrnii;d  struc- 
tures, and  ha-matin  from  lacnioglnbin. 

The  mineral  salts  present  vary  with  tin-  bnMl,  Itut  consisl  chiefly  oi 
the  jdiosphates  of  the  alkaline  earths,  with  small  i|uaiditi(^s  of  ^iliea  and 
phosphate  of  iron. 

The  other  constituents  intbulr  UMain.  derived  fnna  the  various 
secretions,  mainly  frmu  llie  nnicniis  meinbraue  (ff  the  inti^stillr;  indol, 
skAtol,  volatile  fatty  acids,ammoina,sulphurett<'(l  hy<lrog('ii,aud  metbaire, 

'  There  is  some  aitri-rcTi<"e  oro|Hi)inn  tm  tliiw  r^'inl^^  <\fiu\>^yi- 1  "  Pti>«iNln;^iiril  tlipitiish  y  of 
the  Aninml  Bofly,"  v*»L  ii.  p.  4r»8}  Hiiies  tlint  tlir  ffrnuH  ro]niir  ol'  iinnuiil  fn  r  is  \h  Uiu-  to 
bjrdrobtlinibiu  ;  Hnunimvatvn  ('*  Leliilnitli  tUr  [iliysiol  ClMinio/'  AnJl.  :j,  S.  283J,  thai  tlio 
deeompCMition  pTwluctii  of  tin-  Inle  [►^graent.'*  haw  Huh'  inlliuurt' un  the  iiurnuil  colour  of 
tlie  fieces. 

*  ••  Lehrbuch  dcr  physiol,  Cluniu,'*  Aull  il,  8.  28 J. 

*  **  Phyaiologii'ftl  Cheiiii!?try  of  tlie  ATiimnl  Hoijv/*  viJ.  ii,  ji.  4^*7. 

*  The  mucotiH  tiienibrane  of  tlie  iitteMtiiu' uii*l  itM  sfiRtioii  fiiirii?.h  a  consi<kTEible  i]iiotA 
to  the  f jpc?*s  ;  tliis  is  shown  by  nu  exjKTiiiaiit  diw  in  ni-nimnii  (Jfrh./,  rY.  tjrs.  Physiol.^ 
Boan,  l!J90,  Bfi.  xlvi.  S.  93),  who  Ht|^a^ate^l  a  louft  of  iiatvstiiM-,  chjirt'«l  it  of  riiTitcntn,  scnvfnl 
its  two  ends  togcthLT  so  tlial  it  formed  a  nny^,  irston-d  tlit^  ^.'oiitamity  «>r  the  iLiiiaiiuhr  of 
the  tntcstine^  and  closecl  the  woiuhL  In  a  Jt-vv  dnyn  it  \\\\s  finiiHl,  n^i  killin;^^  the  ruiitn.ih 
th«t  this  IcK^p  wiis  Ulled  with  a  mnaH  lef^eiuhljng  fitciss  in  ai»)tL<ariLiif'c. 
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which  are  formed  in  bacterial  decomposition ;  ^  and  the  products  yielde 
by  the  bile,  stercobilin,  cholesterin,  and  traces  of  bile  acids.^ 

Stcrcohilin^  is  a  reduction  compound  of  the  bile  pigments  forme 


in  their  passage  along  the  intestine,  and  is  probably  identical  wit3HBti 

urobilin  and  hydrobilirubin.     Normally,  all  the  bile  pigment  is  reduce i    ^d 

to  this  substance,  but  bilirubin  has  been  observed  in  the  fieces  und^»^  ^r 
pathological  conditions. 

Ejxrctine  is  a  crystalline  body,  described  by  Marcet  *  as  occurri]=:^Pg 
only  in  human  fitces.  It  is  very  soluble  in  boiling  alcohol,  and  may  WM^'Ij^ 
mechanically  tlirown  down  from  an  alcoholic  extract  of  the  faeces  b~^K>y 
adding  milk  of  lime.  The  precipitate  is  washed  with  water,  dried  anz^Kud 
extracted  with  a  mixture  of  alcohol  and  ether.  On  concentration  of  tlKT  b^ 
solution  by   evaporation,   impure   excretine   crystallises   out.     This  ^^ 

dissolved  in  hot  alcohol,  decolorised  by  animal  charcoal,  and  obtain^^  ^^ 
pure  on  reerystallisation  in  acicular  four-sided  prisms,  melting  at  92*"   -"^.^ 
9G^(-.     It  is  insolul)le  in  water,  hot  or  cold  ;  sparingly  soluble  in  ckA^^-^  ' 
readily  in  hot  alcohol  ;  very  soluble  in  ether ;  and  the  solutions  ac  -^^^\ 
neutral   in    reaction.     Its  quantitative   composition  gives  the  formut  ^-^  ^^^\ 
C-J  I,,v,SO..    H  interherger  -'  states  that,  by  repeated  crystallisation,  it  ma^-ss.  ^^'\ 
he   obtained   free  from  sulphur,  and  then  has  the  empirical  formut^-^  -^^^ 
Co^,ir,,.0  ;  witli  l)ronnne  this  yields  a  substitution  compound,  C^H^BtJZ^^  ^' 

Rjr re f oleic  acid  is  a  body  described  by  Marcet,*^  who  obtained  it  o<i>_ 
cooling  a  liot  alcoholic  solution  of  human  ftTces.     On  exhausting  wit '::f -■^  ^'' 
ether,  a  green  ethereal  solution  is  ol)tained,  which,  on  evaporation,  leav^""'^  -^ 
an  oilv   residue  of  a  dark  green  colour  and  acid  reaction,  melting  at^        '^ 
25^-20^  C. 

Mcconiinn  is  the  name  given  to  the  contents  of  the  large  intestine  l_x  ~ 
the  fcrtus,  which  are  expelled  at,  or  after,  birth.  It  is  a  dark  brownislri^  ^ 
green  mass  of  acid  reaction.  It  contains  20  to  30  per  cent,  of  drie^^ -"^J^ 
solids,  which  consist  of  mucin,  bile  j)igments  (biliverdin  and  bilirubin -^=^  ^^ 
])ile  acids,  cholesterin,  fats,  fatty  acids,  calcium  and  magnesium  pho^^^=^^  ''^ 
phatt'S  and  suli)hatcs. 

Ill  addition  it  r-ontaiiis  a  substance  giving  two  absorption  bands,  on^^^^-^^^ 
to  th(^  red  side  of  tlic  1)  line,  and  the  other,  broader  and  darker,  betwee:  "*"^/^ 
the  I)  .-ind  K  lines. 

'  The  (tildur  of  tin-  ta-crs  arises  from  tliesc  lioilics.  -  See  p.  :51>1. 

^  V;iiilair  .111.1   Ma>iii.s   ('<ntr<ilb[.  f.  d.  mc<L   jrissniS'h.,  Berlin,  1871,   Xo.   24,  S.  369  ; 
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Some  Akatomtcal  rtrAiucTEFis  ok  the  Salivary  CrANDs. 

Is  the  (lug  anil  eat,  the  suldiii;4n;il  lilainl  onlnr^^'S  at  its  eml,  and 
\ose8  itg  tiattt*iH^d  fnriii;  tht;  onlaijitd  rml  is  rh>sfdy  atta(  In^il  to  the  sub- 
laaxillary  glniiil,  and  is  eHoIr>srd  in  thr  firm  rfi]>siih'  uf  this  i^dand,  so  that 
at  first  sight  it  a]>]»eais  ti>  fnna  ]nnt  of  it. 

The  duets  froni  the  hdotles  uf  tlie  siihinaxillnry  glaml  niiite,  eithor 
ill  the  rounective  tissue  whieh  sttetrhes  finia  the  hilns  nf  the  gliiinl,  or 
ill  the  liiloH  itself.  The  gland  duft-tho  dm  i  nf  Wfiartmi — rtiiis  iVtun 
tlie  hilns  to  its  n]M_^iiinj4  nnderin  aih  tlie  tmiLrue,  withont  leeidviiig,  exet/pt 
ill  rare  eases,  any  fmther  ateessiun. 

The  snUint^ual  gland  iii  ahnnt  ils  .interinr  twu-thiitls  enTisists  nf 
/lattened  Ifdiulen,  the  duets  (d'  \vhi«di  enter  the  nniiii  duet   nn  itn  euurso 

*  PhjHiological  investigations  rin  Hie  ^salivary  glanih  liavr,  ftir  the  lunst  ]\'\i'U  hf^*"n 
eaxiied  out  on  thr  larger  glundri,  naiiaely,  tli*'  sidimaxidaiy.  Wiv  pariitid,  aiir!  tlm  hidiUngual. 
But  aiieh  eopt4nHiuna  m  we  may  be  ahftj  to  kmn  with  irgarrl  to  thc>e,  we  may  [i]*\*\y  with 
little  change  to  tlie  nnntcrona  suialler  gljiiid.H  uLit  ]i  yaur  tlieir  .scchTiun  into  tlie  month 
And  jduiryn}?,  and,  indeed,  to  the  lacliryni.'if  ;:;landH  and  glands  ef  tlie  nasal  nnu'iais  mono 
brane  also.  Both  in  bii*tnto;^nVal  and  pliywijthjgiial  rlia meters  the  lachrymal  gland 
rcM'mble^  an  alhnnjinouis  salivary  gland.  It  reecivts  r  i.mial  .secretory  lilirrs  hy  Wiiy  of  thf 
lafhryirLal  hranch  of  the  tiftli  mrsf  ;  the  origin  of  th<*j^t'  lihri-^  (T>*m  ilo^  nu'dulla  han  not 
been  inveatigfttwL  It  reeeivi  h  syni|fa(hetic  Ijhrcs  hy  way  uf  lire  cervical  synt|>athetie  ftnd 
th«  hhx3<l  ve^sids  of  the  gland.  Serit-tion  ran  hn  procluccd  ullexly  hy  atininlating  most, 
if  not  all,  sensory  nerves. 

Thennitualu  on  which  investigations  have  hcen  made  are  chiefly  the  d^tg,  cat,  and  rabhit, 
the  horsCf  ox,  and  sheet". 
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past  them.  Thus  the  gkiul  hai^  nn  ]iroiK."r  liilii^.  Tlie  duct  nm8  i^anillel 
to  and  a  little  laterally  of  Wliart^>n's  duct. 

The  main  Mnod  mijiply,  Ixsth  to  the  submaxillary  and  the  suhlingiial 
gland,  is  derived  from  a  IjraiK'h  given  off  by  the  ex  tenia!  maxillar? 
artery.  The  fiulimiixillary  division  of  this  hraiieh  runs  to  the  hilus  of 
the  gland,  and  there  dividt^s.  The  BuhniaxiUary  gland  reeelves  also  one 
or  two  small  hrancii^s  fi'ura  the  ji^reat  (or  posterior)  auricular  artery, 
where  this  ciuls  rom  il  the  digastrit'  muscde. 

The  veins  <>f  tho  i^suhniaxillary  gland  are  variable  in  piiflitionj  and 
somewhat  varial>le  in  nmnber,  Thtsre  are  genemllytwo;  they  run  a 
short  course,  (ibont  half  a  eeutinietre,  aiul  then  one  enters  the  internal, 
and  the  other  the  external,  maxillar^^  vein,  a  little  befoie  tliese  imite  to 
form  the  external  jugul  ± 

In  the  dog  and  ent  f  irs^e  gland  situate*!  in  the  orbif, 

and  hence  called  the  let  ojiena  near  the  aecond 

upper  molar  tniith.     T  sponds  to  the  largo  buccal 

gland,  which  iu  Botue  perior  molar. 

In  the  raU>it,  tlie  lention  is  that  the  jmrf^tid 

gland  consists  nf  two  U  ions,  a  medial  and  a  lateml. 

connected  by  il  (bin  ri  prnju'iate  arrangenient»  tlir 

thin  central  pnrtion  rn  mieroE^cn]»e,  and  theapjiear- 

ance  of  the  gl;nid  celk  |  ations  of  the  blood  flow  in 

varying  condil  iurm,  can  " 

Occasionally  in  the  dog,         li  instmilly  in  some  other  animah^ 

for  instance  tbt*  guinea-pig,  a  r^iaau  glanib  called  by  Klein*  the  inferior 
admaxillary,  pninn  it«  Hecretiou  iutf»  the  duct  of  the  parotid.  It 
may  be  reganled  as  a  M'ptn ated  b^bule  of  the  ]jarolid  gland,  although 
its  secretory  (m?11s  are  muef>us,  instead  f>f  l>eing  albuminous,  tlins 
differing  from  the  parotid  fieeretory  eells  in  general  (ef.  below,  p.  478), 

In  a  considerable  nnmber  of  animals,  a  Bniall  mucous  gland  in 
attaclied  to  tbe  outer  auteriiu'  entl  of  the  subniaxillary  gland.  This 
was  desc^ribed  by  Klein  in  the  guinea-pig,  and  called  by  him  the  superior 
admaxillary.  The  duct  of  this  gland,  according  to  Eanvier,  runs  parallel 
to  and  on  the  outer  side  of  Wharton's  duct,  but  does  not  join  it.  He 
calls  it  tlie  retrolingual  gland. 

Kainior-  considers  that  the  customary  use  of  the  term  subHngual  gland  is 
ill  many  cases  erroneous.  The  sublingual,  lie  defines  as  a  gland  which  has  a 
number  of  sejmrate  ducts — the  ducts  of  Rivini.  But,  besides  the  sublingual, 
another  gland  occurs,  which  he  calls  the  retrolingual  gland.  Tliis  is  charac- 
terised by  liaving  a  single  duct — the  duct  of  Bartholin — running  parallel  to 
Wharton's  duct.  An  animal  may  have  both  sublingual  and  retrolingual,  as 
the  guinea-pic;,  rat,  and  hedgehog  ;  or  the  retrolingual  may  be  absent,  as  in 
man,  horse,  sheep,  and  rabbit ;  or,  again,  the  sublingual  may  be  absent,  as  in 
the  dog  and  cat.  Thus  Ranvier  considers  the  gland  usually  called  the  sul> 
lingual  in  tlie  dog  and  cat  to  he  the  retr<»lingual. 

In  different  classes  of  nuuninals,  the  relative  development  of  the 
salivary  glands  varies.  Thus  in  the  horse  the  ]>arotid  is  four  to  five  times 
the  weight  of  tlie  submaxillary  gland,  in  the  sheep  and  ox  the  weights 
are  not  very  diltei'ent,  in  the  dog  the  submaxillary  gland  is  slightly 
heavier  tliaii  the  parotid. 

^  Quart.  Jonrn.  Mirr.  Sc,  London,  ISSl,  p.  114. 

-  ''  I-'tiuie  anatonn'quc  des  glands,''  Arch,  dc  physiol.  norm,  et  path.y  Paris,  1886. 
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The  following  table  is  taken  from  Colin  :  * — 
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SutmiAXillar?'. 

Biibljogua]. 

Oi  .        .        .        -        . 
Sheep      .... 

100 

283 

48 

86 

298 

36 

23 

43 
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Some  HisTOLoracAL  Ciiarautfjis  of  tiiii:  Salivahy  Glands, 

It  would  be  outside  the  scoije  of  thi.s  at'oount  to  give  a  detailed 
description  of  the  duels,  ductules,  terminal  tuhes,  lyrni»luitic.s»  and  other 
histo!o;fe^ioal  features  of  the  seveml  ^'lands,  I^ut  some  of  the  histologifal 
features  have  so  intimate  a  relation  to  phy.sio logical  ohservatious^  that  it 
is  not  advisable  to  pass  thi-iti  by  without  uutiee. 

The  narrow  ductule,  prtn  eeding  troHi  a  duet,  eoniuinnly  flivide^?,  and 
each  seeomkry  duetule  widens  mure  or  less  suddenly  into  a  tube  of 
secreting  eells;  eaeh  lul>e  gives  off  curved  branches,  ami  tliese  also  may 
give  off  similar  braueJies;  thus,  a  elump  ui  tuU^s  is  formed  around  the 
primaiT  ductule.  The  terminal  tubes  are  usually  (  alltnl  alveoli,  and  their 
cells  alveolar  eells. 

The  alveolar  cells  may  be  rlassilied  nrcoiditig  to  tlie  t  heniical  nature 
of  the  sul>stances  they  secrete.  A  ste]>  in  this  direction  was  taken  by 
Heidenhain^whodivideil  the  cells  into  nuicuus  cells  wliich  secrete  njuciu, 
and  albuminous  cells  winch  secrete  some  foini  of  proteid.  There  is  good 
evidence  that  the  typical  albuuiiiuius  cell  does  not  secrete  any  nruciu, 
and  there  is  some  evidence  that  the  ty]»ical  nnicnus  cell  does  not  secrele 
aoy  proteidj  and  on  this  basis  it  is  apt  to  be  assumeil  that  all  tlic  alveolar 
ceUs  secrete  either  mucin  only,  or  proleitl  <udy.  It  should,  liowevcr,  l*e 
rememheretl  that  this  is  au  assuui]dion  ;  it  is  possililc  that  some  alveolar 
cells  secrete  both  mucin  and  ju'oteid. 

In  anyone  salivary  gland  all  tiu*  alveidar  cells  may  be  nnicous  lU" 
all  laay  l»e  alluuuinous,  or  some  of  tbcm  may  be  nntcous  and  some 
albuminous.  Furtlier,  iu  diilerent  glands,  the  rclativt*  nuudter  of  ibo 
two  kinds  of  cells  varies  in  nearly  all  possildc  proprulioits.  Tlie 
nomenclature  in  use  takes  notice  of  the  hroafl  distiiictiouH  only,  (ilnids 
wliich  consist  almost  entirely  of  allauuinnus  c^dls  are  called  albinoiuoiis 
glands,  those  which  consist  ch icily  of  mucous  cells  are  calI<Ml  nnicous 
glaadB.  The  glantls  of  intermediate  structure  are  cunjuionly  j^lucnl 
in  the  class  of  nnuous  glands,  unless  the  proportitm  tif  nuauus  to 
albuminous  cells  is  very  small. 

The  term  '* mixed glnnd*'  was  intnMlucc«l  fnr  rerlain  f^pcH-ial  rases;  far  example, 
the  submaxillary  gland  of  the  guinea  pi^',  iu  whieli  one  <>r  more  lobules  were 
said  Ux  be  mucous  and  the  re.st  to  he  alhuuiiuous.  But  in  the  guiuf^a  pig^  and 
possibly  in  the  other  cases,  the  munnus  Itjbule  ap[it!Ln's  tu  be  a  scparatt?  gland 
(cl  above,  p.  476).  It  would  ]»n"bahly  be  nirtre  rnnvcriient  to  use  the  term 
"  mixed,"  for  a  gland  iu  whiidi  the  murou*^  ikwA  alhuuiinous  cdls  are  present 
in  approximately  equal  proptirtions.  Aii«l  we  nii^ht  have  the  following  scah:', 
passing  from  entirely  albuminous  to  entirely  mucous -.—alhuniin^ms  glands, 
*  '*  Traits  de  J^hy&iul.  cotiu'ircc  dcs  auiiimui/   llnl  ediliou,  IbbO,  tonie  i. 
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muco-albuminous  glan  l^,   mixed   glands,   albiimuio- mucoids  glands,  demilune 
glands,  mucous  gland i^. 

The  demilune  cbUh^  there  can  lie  little  doubt,  are  albuminouiB 
secretory  cells.^  If  wu  ccjiiipare  n  seTies  t^f  sulnuuxilbuy  glands,  passing 
from  albuminous  tu  iiiueoiis,  wd  find  that  the  albuniinons  cells  Ijecoine 
more  and  more  confined  to  tlic  end^  of  the  teriiiiu:d  hil>us,  and  the  fewer 
there  are  the  mon*  cum  pressed  tlioy  beeume  by  the  ijhili.»us  eells,  a 
feature,  however,  w  ueb  is  more  marked  in  bardeued  than  m  fresh 
glands.  And  when  the  f^dund  seereteB,  the  demiUme  cella  nhow  obvious 
signs  of  secretory  ^rtivity.  The  Bmall  dimrete  granules  in  them 
diminish  in  numb M.  and  in  .some  aninudn  fnniMtn  inner  gntimlar  zone; 

'^""'^  '""lis  t^lain  more  deeply  with 

ore  eonspieuouK.     The  cells 

ni  the  gland.     \\\  tlie  earlier 

but  this  is  prtibably  tlue  to 

and  HO  of  the  whole  tube, 

Midi^  in   different  nmiimialB 
ill  Htrurture,  and  tiie  sub* 

tlhundnnu^  cells  only;   hut 

.„way.s,  a  fev\^  mucous  celk, 

c    \m\x   hv  in  the  df»g  n   Hmall 

Tu  the  diirt  a  hhorl  diwt^nee  frcim 


lie        kS^^ 
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in  alcohol-hardenei]  jT^lr^ 
carmine,  and  the  uuehj 
diminish  in  size  after 
stages  of  secretion  the 
a  diminution  in  the  a 
whereby  the  demilinu 

A  comparison  ttf 
shows  that  the  purot 
maxillary  gland  tl m*  ii 

The  parotid  gLiiu 
in  the  dog  there   are 
or  mucous  alveoli   ]>re£?L'ii[. 
mucous  lobule,  pouring  its  Hcrret 
the  main  gland. 

The  submaxillary  glands  arc  eirLirely  albuuiinuua  in  rodeate.  In 
primates,  the  majority  of  the  cells  are  albuminous,  but  some  are  mucous. 
In  solii)edes  and  ruminants,  the  glands  are  "  mixed,"  but  most  of  the 
cells  arc  nmcous.  In  caruivora  the  great  majority  of  the  alveolar  cells 
are  mucous,  but  some  are  albunnnous,  and  there  are  fewer  albuminous 
cells  in  the  submaxillary  gland  of  the  dog  than  in  that  of  the  cat; 
thus  in  a  micioscopical  preparation  of  the  gland  of  a  dog,  the  albuminous 
colls  ai'c  almost  entirely  in  the  form  of  demilunes,  whilst  in  a  similar 
preparation  of  tlic  gland  of  a  cat,  a  considerable  number  of  albuminous 
alvc(jli  arc  seen.  In  the  mole,  large  portions  of  the  submaxillary  gland 
do  not  even  contain  demilunes,  and  in  these  portions  none  but  typical 
mucous  culls  occur. 

Tbe  sublingual  gland  in  all  animals  contains  a  greater  or  less 
pro])ortion  of  muc(jus  cells,  and  it  is  in  consequence  generally  called 
a  mucous  gland.  But  iis  it  always  contains  albuminous  cells  also 
it  belongs  ])ro])eily  to  the  class  of  mixed  glands.  The  sublingual  gland 
has  certain  c^haiacters  which  distinguish  it  from  the  submaxillary  gland. 
It  is  more  nhviously  tubular,  the  lumina  are  often  large,  the  cells  in  a 
section  of  a  liardeued  specimen  are  more  colunmar,  and  a  considerable 
number  of  tliem  consist,  in  tlieir  ordinary  resting  state,  of  proteid 
material  in  tlie  outer  tliird,  balf,  or  even  two-thirds,  and  of  mucous 
material  in  the  remaining  portion  next  tlie  lumen. 

The  orbital  gland-  of  the  dog  is?  mucous,  the  mucous  cells  are  large  and 
contain  very  little  i)roteid  substance,  the  demilunes  are  much  flattened.     The 

^  Laiigl»y,    Tnnis.  Jntrniat.  MoL   Cong.,   1880  ;  Froc.   Roy.   Soc.   London,   vol.    xi.    p. 
361  ;  arui  this  view  has  Vxtcii  takon  by  most  subse(Hieiit  ol)servcrs. 

-  Cr.  r.avdowsky,  Arch.f.  ntikr.  Anat.,  Honn,  1S77,  Bd.  xiii.  p.  288. 
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adniAxiUarj    glands    (Klein)  have    been    found,    m   far   as    tliuy   have    been 
mTeiiigateci,  to  be  mucous  glands. 

One  or  two  pjints  with  rcgjiid  to  the  .structure  of  the  alveohir  cells, 
which  l>eJir  uinin  questions  we  have  U\  euiisider  later,  we  may  also 
mention. 

Id  all  salivary  alveolar  cell^  tliere  arc  fnumh  though  with  very 
different  degrees  (*f  tlistinetness,  liiore  ur  less  sjiherii*;d  gratmles,  destined 
in  an  altei-eil  or  unaltered  eomlitiun  to  hecnine  part  ui  the  seeretioih 
Whether  the  cell  sulistanee,  in  whicli  the  granules  are  etnf»edded,  has 
ur  has  not  a  definite  strueturc,  we  eaiinot  clecide  with  (ortainty:  this 
cell  suhsiiiuee  may  he  wliat  we  sjjeak  of  as  grnnulir  structureless 
proU:iplasni ;  \\v  it  may  euiisist  of  twu  parts, — a  jtrtitnplasuiir  jiart  form- 
ing externally  a  houudary  layer,  except  perhajis  towards  the  huneu, 
lind  interually  a  tielicale  network;  and  another  part  hetweeu  the  net- 
wurk  an*!  the  ginnules,  which  in  smue  cells  may  he  of  sm  albuminous 
and  in  othem  oi"  a  mucous  nature. 

Every  gland  has  its  tjwu  di>tinctivc  histt^kigical  ft-aturei^,  implying  a 
distinctive  chemical  rbaracter  in  the  substfuiff^  it  MH-retcs.  In  addition, 
Mcreting  cells  of  ohviously  dillt-rent  nature  <ifteu  occur  tJi  the  i^atne  gland. 
Thii«,  in  the  submaxillary  gland  of  the  rat,  tlitTc  is  an  ordinary  albuminuns 
I^^rtion,  and  running  through  tliis  jirc  tubes,  in  bold  c:urve^^,  ('>aisi.^tin^'  of  cells 
with  large  granule>i,  whicli  sometiint's  leave  an  outer  i  leur  zone.  And  in  the 
gubmsxillary  gland  of  tljc  rabl>it,  the  iirst  cells  of  tlie  alveali,  imA  the  terminal 
duL'tule^S  have  in  the  fresh  staU?  conspiruous  granules,  diU'ering  widely  from 
the  faint  granules  of  the  rest  of  the  cells  in  tlie  ;dveoH. 

Origin  and  Course  of  the  Nerves  to  tue  Salivai;y  (fLAKOS. 

AH  t!ie  salivary  glands  are  siipplieil  with  nervi'-libres  fium  two 
soui-ces.  They  receive  nerve-tilues,  on  the  t»uc  hand,  from  the  rueduUa 
oblongtita,  by  way  t>f  wane  cranial  nerve:  and,  cai  the  other  hauil,  fmni 
the  spimil  ciu-d,  by  way  of  the  cervical  s.yjupathetie. 

The  cmnial  nerve  contains  many,  the  sympatiietit*  nerve  eomjiaiat' 
ively  few,  secretory  fibres.  The  crujial  rjervc  contains  vaso-dilat^n^ 
and  the  symjmtlietie  nerve  nadains  vaso-constrictiU'  Jib  res  fm  tht^  small 
arteries  of  the  glands.  There  is,  at  |uesent,  n>"  evitkniee  worth  cnn- 
sitlering  that  tlie  cmnial  nerves  have  vaso-cnnstticlor  fibres  for  the 
glands,  or  that  the  sympathetic  nerve  has  vaso-dilator  fibres  for  them. 

The  ehorda  tjrmpani  and  the  ner^e-cells  with  which  it  is 
connected. — The  sulnuaxillarVj  the  sublingual  glamis,  anil  the  glands 
of  the  t^»ngue.  receive  secretory  and  vaso-dilator  fibres  from  the  id  m  a  da 
tym|>ani.  The  churtla  tympani  arises  from  thi'  sevenrli  nerve:  it  leaves 
this  in  the  Fallopian  canrd^  nms  aenjss  the  tymi>aruun.  ami  juiris  the 
lingual  branch  of  the  third  division  of  the  fifth  nerve.  The  nerve  thus 
fornie» I  may  Ije  called  \,\iii  vhorthi-l in fjmd  \  it  extends  roughly  nj*  to  ihe 
dorsiil  edge  of  the  sublingual  gland  ;  Immc  nearly  all  tla^  libies  for  the 
subniaxilkiry  gland,  and  about  lialf  of  those  bir  the  siddiugual  gland, 
leave  the  lingual  Hlues,  generally  in  four  or  five  ilclicale  stiamls,  lying 
close  together.  These  strands,  with  the  tissue  aroiunl  them,  are  easily 
dissected  out  as  a  single  bundle,  ami  the  btuidle  of  nerve  stninds  is 
called  the  chorda  tympani,  although  it  is  a  jiart  only  of  the  cln>rila 
tympani  proper.     The  cliorda  tympani  euives  backwards  towards  the 
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gland  ducts,  and  t  ccomimiiiea  tlieiu  into  the  gliinda,  OtJier  fine 
filaments,  coming  from  the  chortla  tympani  pmpur,  ai^e  given  off  from 
both  sides  of  the  lingual,  as  it  nuis  fciiwanl  uver  the  8ul>lingual 
gland;  most  of  these  end  in  this  gland,  hut  a  few  fihres,  varying  in 
number  in  ciiiiei'Gnt  animab,  run  back  and  aupply  the  fluhmaxillaTy 
gland.  Finally,  a  Few  flbrea,  fioui  the  chorda  tynipjani  prD{>er,  eon- 
tinue  their  course  in  the  lingual,  and  supply  tlie  glands  and  bk»od 
vessels  in  the  area  jf  rlistrilmtion  of  the  hngu^il  nerve  in  the  tongue. 

On  the  coui-ye  <  f  the  nerve  tilaiuents  lo  the  gliind.'^  iiie  a  iiumljer 
of  small  and  often  :nieroaco]iie  ^ranglia.  In  the  smaller  tilanumt-s  these 
begin  a  very  sliort  distance  frniu  the  Ungual  nerve,  and  then  oeeur  at 
intervals  as  far  as  the  terminations  of  the  iluels.  Fibres  fram  the 
filaments  and  ganglia  n\  ni  a  plexus;  this  plexus,  at 

first,  overlie.H  the  snl  g  ul,  lurthor  m\,    surrounds    and 

accompanies   the  due  he  snhlingnal  glanil      The 

larger  part  t>f  tlio  '  1  by  this  plexus,  and   runs 

direct  to  a  ganglion  i  maxillary  gland  ;  where  the 

duct    begins    to    div.  e;^  off  strantla,  which   form 

another  plexnss,  biuto  ying  tho  ihviBionH  of  Whar- 

ton's duct. 

Some  of  the  gan  ^r  tlve  sublingual  gland  are 

relatively  large ;  thut  ^.  as  a  rule?,  a  ganglion,  which 

may   be   seen    with    1  i  ^ngie  beiwocn  the    Ungual    and 

the  chorda  tynitmni.     i\\\h   *.-is  u  by  Bernard,  tlie  submaxilliiry 

ganglion;  as  wu  sh^dt  see  preseouy,  it  is  moi^  appropriate  to  call  it 
the  sublingnul  gjinglitin.  Another,  ami  a  larger  ganglion ,  is  that 
spoken  of  above,  a,s  j^reaeiit  in  the  wahninxillary  gland.  Aa  this  belongs 
chiefly,  if  not  entirely,  to  the  suhujaxillary  gljuid,  we  may  mil  it  the 
submaxillary  gant(li<m.  But  it  must  he  remembered  that  the  uen^e- 
cells  which  occur  on  the  coui-se  of  the  chorda  tympani  fibres,  either  to 
the  sublingual  or  to  the  submaxillary  gland,  are  not  collected  together 
in  a  single  ganglion,  but  occur  scattered  at  intervals  on  the  nerve- 
plexus  into  wliicli  the  fibres  run. 

The  nerve-cells  are  on  the  course,  both  of  the  secretory  and  of  the 
vaso-dilator  fibres  of  the  chorda  tympani.  This  may  be  shown  by 
stimulating  the  chorda  tympani,  centrally  of  the  nerve-cells,  and 
jieripherally  of  them,  before  and  after  injecting  nicotine  into  a  vein.^ 
The  experhuent  is  best  made  in  a  cat.  Normally,  stimulation  of  the 
cliorda  tynii)ani,  in  any  part  of  its  course,  causes  a  flow  of  saliva,  and  an 
increased  l)lood  flow  from  the  gland  vein.  After  injecting  a  small  dose 
of  nicotine  into  a  vein  (cf.  p.  515),  stimulation  of  the  chorda  tympani  in 
the  tympanic  cavity,  or  of  the  chordo-lingual  nerve,  has  no  effect.  But 
a  rapid  secreti^)n,  and  a  greatly  increased  blood  flow  from  the  gland  vein 
— in  fact,  tlie  usual  effects  of  stimidating  the  chorda  tympani — are 
readily  obtained  l)y  stinmlating  the  nerve  plexus  in  the  hilus  of  the 
gland.  Since  no  nerve  except  the  chorda  tympani  is  able  to  produce 
these  etVects,  we  may  safely  conclude  that,  in  stimulating  the  nerve- 
plexus  in  the  hilus  of  the  gland,  it  is  the  peripheral  chorda  tympani 
fibres  which  cause  the  secretion  and  increased  blood  flow.  The  amount 
of  nicotine  given  does  not  prevent — nor,  so  far  as  we  know,  affect — the 
passage  of  a  nervous  impulse  along  a  nerve-tibre,  and,  in  consequence, 
we  conclude    that   the   nerve-cells  are  on    the   course  of   the  chorda 

^  Laii<,'ley,  Journ.  Ph[/siol.,  Cambridge  and  London,  1890,  vol.  xi.  p.  123. 
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tympani  fibres,  and  that  nicxjtiiie  either  acts  *ni  the  coimection  of  the 
nerve-fibres  with  the  nerve-cells,  sn  that  u  nervnus  Impiilse  cannot  pass 
from  one  to  the  other,  or  acts  011  aiitl  paralysca  tlic  eel  1b.  The  former  is 
the  more  likely,  an(i,  iji  accor<kiiire  with  what  is  known  generally 
PE^rding  the  relations  of  diflereot  iien^e  units,  we  may  sutjpose  that 
the  nerve-fibres  ilivirle  into  fibrils,  wfiieh  ternihuae  on  the  nerve-eells, 
and  that  these  ternii nations  are  paralysed  by  nicotine, 

I  have  imly  s{^>oken,  so  far,  nt  llie  etlcct,  after  nicotine  injection ,  of 
stimulating  the  chordn-lingual  and  the  plexus  in  the  hiliis  of  tlie  gland. 
If  the  iitiunilus  te  ap]ilied  lietween  these  two  ]»laecs,  the  elTect  varies  in 
ihflerent  Ciii^es,  an<l  varies  aWj  in  flilTerent  animals.  Broadly  speaking, 
as  the  electrodes  are  ]>assed  along  the  etiordn  lynipani  an^l  nerve- 
plexus,  towards  the  hilus,  a  point  will  be  found  where  llie  stinndus 
moees  %  slight  secretion  ;  as  the  electrodes  are  passed  more  perijihcrally, 
ti)^  secretion  increases,  but  it  is  rarely  considerable,  until  the  hilus  of 
the  gland  is  readied.  This  means  that  a  few  of  the  nerve-eells, 
outside  the  submaxillary  gland,  send  their  axis-cylinder  processes  to 
the  gland.  It  may  be  mentioned  that  the  relative  nurjdicr  of  these 
is  greater  in  the  rabbit  than  in  the  cat,  and  greater  in  the  cat  tintn 
in  the  dog. 

Similar  conclusions  as  to  the  relation  of  the  fibres  of  the  chorda 
tympani  to  the  fKeriplieral  nerve-cells  may  be  deduced  ir<tm  the  exj>eri- 
ment^  in  whieli  the  chorda  tym]>ani  !ias  been  cut,  and  time  alh^wetl  for 
its  fibres  to  (iegenerate.  I  shall  deal  later  with  these  {•xjxnimcnts 
(p,519);  and  it  will  be  suOicient  lo  give  here  the  clii(*f  resnh,  which 
bears  on  the  ([  nest  ion  before  us.  When  the  ebon  la  tympani,  or  the 
chordo-lingual  nerve,  m  cut  in  a  dog  or  cat,  and  tlie  pei  ijtheral  cut  end, 
after  alxiUt  four  days,  is  stimulated,  no  effect  is  proiluced  ;  but  if  a  little 
jrtlot^rpine  be  injecterl,  a  fairly  copious  secretion  is  obtained,  aud  l!ie 
Wood  flow  thnmgli  the  glanil  is  increased.  Although  it  is  not  agrc^ed  on 
all  sides  that  pilocarpine  produces  a  secretion  by  stinnd;iting  the  nerve- 
eo dings  in  the  glands^  this  is  prnlialdy  the  <'asc,  auil  if  it  be  so,  tlie 
experiment  shows  that  the  chnrda  tyni]»ani  fibres  have  «lcLrencmted  up 
to  the  peripheral  nerve-cells,  whilst  tlie  tibies  given  oil'  by  the  nerve- 
cells  are  still  intact. 

The  fK>sition  of  the  nerye-cells  on  the  course  of  tiii'  chorda  tympani 
fibres  to  the  sublingual  gland  can  similaily  be  determined.  If  a 
sufficient  dose  of  nicotine  Itc  given  to  a  dog,  stimulation  (4' Ihc  chmilo- 
lingual  nerve  has  no  etlecl ;  stimulation  of  the  g-inglionic  ir'i  ve-plexus, 
lying  in  the  angle  between  the  chorda  tyni|>ani  and  tlie  lingual  nerve, 
causes  constantly  some  secreti<ui  from  the  sublingual  glauil,  but  non(\  as 
a  rule,  from  the  Hubmaxillary  gland.  The  ganglion,  called  by  IVrnard 
the  **  submaxillary '*  ganglion,  is  the  cliicf  ganglion  uf  this  jdcxus;  it 
follows,  from  wluit  has  just  been  Hiiiib  that,  at  least  in  the  dijg,  this 
ganglion  sends  fdu'es  to  ibo  sublingual  glan«h  but  conmionly  sends  no 
fibres  to  the  submaxillaiy  gland.  It  is,  then,  miue  accurate  h\  sja'ak  of 
it  as  the  sublingual  gang! ion. 

It  is  M'ell  known  that  there  are  small  gruups  of  nerve-cellts  in  tlie  tongue 
itself;  the^e,  for  the  most  part,  are  firohahly  on  the  course  of  the  chorda 
tympani  fibres  to  the  glands,  and  to  the  small  arteries  of  the  tongue,  hut  there 
is  no  experimental  evidenee  on  the  point. 

The   fibres   of   the   chorda    tympani    priss   thrnugli    the  geniculate 
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ganglion,  but  it  is  probable  on  general  grounds  that  they  are  not  con- 
nected with  the  nerve-cells  of  this  ganglion. 

The  nerve-strands  which  leave  the  chordo-lingual  and  the  lingual 
nerve  to  run  to  the  sublingual  and  submaxillary  plexuses  consist  in 
very  large  i)art  of  small  fibres,  about  2  ^t  to  3*5  At  in  diameter,^  but  a  few 
larger  up  to  8  or  10  At  are  also  present.  In  the  plexuses  the  number  of 
meduUated  fibres  decreases,  and  the  number  'of  non-medullated  fibres 
increases  in  passing  towards  the  periphery.  The  axis-cylinder  pro- 
cesses, then,  of  most,  if  not  of  all,  the  peripheral  nerv^e-cells  are  non- 
medullated  fibres. 

The  large  nerve-fibres  may  occasionally  be  seen  to  divide.  They  are 
probably  sensory  fibres  for  the  gland  arising  from  the  fifth  nerve.  Some 
of  the  small  fibres  may  also  be  sensory. 

Cranial  nerve-fibres  to  the  parotid  and  orbital  glandB. — The 
course  of  tlie  secretory  and  \  aso-dilator  fibres  to  the  j)arotid  gland  varies 
in  difrerent  animals. 

In  the  dog  they  arise  frcmi  the  ninth  nerve  ;  they  run — as  Jacobson's 
nerve — across  the  tympanic  cixvity  over  the  promontorium  forming  part 
of  the  tympanic'  plexus.  From  the  tympanic  cavity  they  proceed  to  the 
small  su])(;rficial  petrosal  and  otic  ganglion,  and  thence  to  the  auriculo- 
temi)oral  liranch  of  the  fifth  nerve,  and  so  to  the  parotid  gland. 

In  the  sheep  and  ox  the  origin  of  the  secretory  fibres  from  the 
medulla  is  not  known.  They  run  in  the  buccal  branch  of  the  fifth  nerve, 
instead  of  in  the  auriculo-temporal,  leave  this  at  the  anterior  end  of  the 
masseter  muscle,  and  run  backwards  to  the  parotid  gland  along  the 
duct.- 

'J'here  arc  no  ex]jerimental  investigations  on  the  place  of  connection 
with  ntu've-cclls  of  the  cranial  fibres  to  the  parotid  gland,  but  it  has 
been  supposed  that  this  connection  occurs  in  the  otic  ganglion.  No 
gan^dioii  cells  have  l)cen  described  in  the  parotid  gland  itself. 

The.  sccietory  lihres  for  the  orbital  gland  of  the  dog  run  in  the 
buccinator  branch  ■' of  the  fifth  nerve,  and  this  is  all  that  is  known  of 
llieir  couise. 

Historical.  The  history  of  the  discovery  of  the  course  taken  by  the 
cranial  secieloiy  fibres*  may  be  brieliy  summarised  as  follows: — 

111  1851,  LiKhviLj  (li.^cnvered  in  the  dog  secrc^tory  fibres  for  the  sub- 
maxillary gland  in  the  lingual  branidi  of  the  fifth  nerve!  Rail n  (and  Ludwig) 
o])tained  in  llie  ral)])it  settretion  from  the  parotid,  and  sometimes  from  the  sub- 
maxillary gland,  on  stimulating  certain  cranial  nerve  roots,  after  removing  tlie 
1)1  ain.  Tlioy  found  ilie  eflective  nerve-roots  to  he  those  of  the  seventh  and  of 
the  lifth,  ].)ut  tlnir  experiments  do  not  show  satisfactorily  that  the  secretory 
lihres  leave  llie  mednlhi  by  way  of  these  nerve  roots. 

Deniard  sliowc<l  that  the  secretory  fibres  of  the  snlmiaxillary  glands  came 
from  the  fliorda  tympani  and  so  from  the  facial  nerve.  That  the  chorda 
tyiiii)ani  had  some  cniinection  willi   the   flow  of  saliva  from  the  submaxillary 

1  Cr.  Il.i.l.iiliaiii.  .Irch.  f.  An-tt.  v.  J'hysioL,  Lrij./j;;.  1880,  8upi>.  li<l.,  8.  loS  : 
Gaskf'll.  Jour, I.  J'/n/^ioL,  i'iiMi\'Vh]>^t'  •dU^\  r.(Hi(i«ni,  1SS»».  p.   20. 

-  M.'Us-ii.  .-//vA.  (/,: jil/usi'o/.  norm,  ct  lUiJJi.,  I'aiis.  1-SS«>,  p.  (j^.  (Cf.  this  }»apcr  aK^o  f<»r 
.s('cnn<*rv  inr\.s  (.f  lior.s,'  and  ]iig. )  Kckliard,  Ccutndhl.  f.  I'/iysioi,  I^npzig  u.  AVicii, 
180'5. 

''  Km-  tlic  ]ii<  iIkhI  uf  (]i>sL'(ti<'n  for  cxjKjriiiK'ntal  ]iui}M)se.s,  sec  Ileideiiliain,  Ilcrniaini's 
'•  Handl-u.-li  dnr  Pliv.i..!.."  I'..l.  v.  Tli.  1,  S.  .')S. 

'  Lu.iwi-  Zfsrhr.  /.  rai.  Mnl.,  is:,l,  N.  V.,  VA.x.  S.  25'.  ;  Kalm,  ibid.,  S.  285;  Schitf. 
Jrch./.  physin/,  I{,  ilk.,  Stuttgart,  l^^)l,  lid.  x.  8.  r>vSl ;  lioinanl,  "  Leooiis  sur  la  physiol.  et  la 
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glftad  waa  suggested  before  Ludwig'ii  discovery  of  secretory  nerves,  and  was 
definitely  stated  by  Schitf  iu  1851. 

The  cuurse  of  the  nervedibres  to  the  parotid  gland  was  also  investigated  by 
Benmrd.  He  obtained  secretion  in  the  dog  by  stimulating  the  anriculo- 
temporal  branch  of  the  lifth  nerve^  and  a  f^essation  yf  reflex  secretion  by  ex- 
tirpation of  the  otic  ganglion.  He  connidered  that  tlic  secretiiry  fibres  came 
froiD  the  small  superficial  petrosal  nerve,  and  that  the  snperHcial  petrosals 
and  the  chorda  tympani  arose  from  the  nerv  ua  intermedins  of  Wri.sherg. 
Abolition  of  the  reliex  secretion  in  the  rabbit  was  observetl  by  8chifl"  on  simple 
Gection  of  the  small  superHcifd  petrosal,  Loeb  found  that  section  of  the 
tympanic  branch  of  the  glosso  phnryngeal  nerve  (/>.  of  Jacobson's  nerve),  or  of 
the  roots  of  this  nerve  in  ttie  skull,  also  abolished  tlie  reflex  secretion,  so  that 
the  secretory  fibres  of  the  small  sn[>tn'ficiLili  petmsjil  coniL*  from  tln^  ninth  an<l 
not  from  the  facial.  Aiul  HeLdenhaiii  obtained  copious  secretion  on  stiiiiulat- 
ing  Jacobfion's  nerve. 

If  the  secretory  fibres  of  the  parotid  really  arise  from  the  ninth  nerve,  the 
majority  of  the  early  observations  form  a  singular  record  of  inadequate  experi- 
I  and  hasty  deductions. 


The  sympathetic  nerve-fibres  and  the  nerve-cells  with  which 
they  are  connected.— All  the  salivary  glaiuls  rcMeive  mTve-fibres  from 
the  cervical  sympathetic.  The  libres  run  from  the  mitkllo  or  from  the 
lower  part  of  the  Ruperior  cervical  ganglion  to  the  exLcrnal  carotid 
artery,  and  aecompany  its  Iminches,  On  the  arteries^  they  furrn  a  ]dcxns 
having  two  main  longitudinal  strands.  The  iiervc-plexiis,  lhmig!i  chielly 
of  non*raedullated  tibres, contains  some  medullated  libres.  In  the  artery 
to  the  submaxillary  glnnd  of  the  dog,  there  are  twenty  to  thirty 
medullated  fibres,  a  fow  «>f  the?<e  being  H  /x  to  7  ,'x  in  diameter,  the  rest 
2;ii  to  3*5  j»;  the  fibres  run  past  the  Hubmaxillary  ganglion  in  llie  bilus, 
without  being,  so  far  as  c^in  be  seen,  eumiected  with  it 

The  sympathetic  fibres  b^^th  secretory  arjd  vasomotor,  for  the  anb- 
maxillaiy  gland  of  the  dog  and  cat,  arise  chiefly  frrun  the  second  thoracic 
nerve,  t-o  a  less  extent  from  the  third,  fourth,  and  to  a  slight  and  vary- 
ing extent  from  the  first  and  fiftli  thoracic  nerves.' 

LaiigendortV-  founil  that  four  months  after  hcmisccti«ai  nf  the 
spinal  cord  in  the  upper  cervical  rc^itm,  the  cervical  ^ym]lathetic  ju'e- 
sented  its  normal  appearauce.  We  muy  coindude,  then,  that  the 
glandular  nerve-fibres  do  not  descend  frt>m  a  secretory  centre  in  the 
medulla,  and  aimjily  make  their  exit  by  the  n]>per  th(»racic  nerve  routs, 

And  there  are  several  i^nunuls  fi>r  believing  that  the  ellerent  sym- 
pathetic uerve-fibres  issuing  from  a  iiarticnlar  nerve  root  are  the  axis- 
cylinder  proee^sses  of  nerve-cells  situated  in  the  corresponding  segment 
of  the  Bpinal  cord. 


da  syatt^me  nerveux,"  185S,  torjn!  ii. ;  ScliiJ^  *'Lplirbuch.  d.  Mti?ikf'L  11.  Xrin^n- 
plijrBioloffi«/'  1S58-1859,  8.  393  :  Czeinisvk.  A'iLjnf^fsk  d.  /^\  Jlad.  d.  U'issenseL,  Wieii, 
IWO,  Bd.  xxxix.  S.  52U  ;  Beitr.  i.  Amii,  if.  /'A^si-//.  [BMitrd],  f;i«8^«^ii,  K^fjO,  Bcb  ii.  S. 
21i;  1863,  Bd.  lii  S.  49;  Navrotki,  *S7i/^/.  d.  pfttfsiuL  hfsf,  lU  Birshu,  lj.'\]v/.i^,  lHiJ5, 
H*ft  4.  8.  123;  Loch,  BzUr.  z.  AwiL  n.  PhimoL  \Eckhur,f),  Gie^seri,  ISfJM,  \\i\.  v.  S.  1  j 
Heid^nhainj  Ar€h,  f.  d.  rfts,  Phy^wL^  l^mj^  l.S7?^,  1J<I,  xvii.  S.  lii;  Ikiiianl,  "  liO^ons  dc 
phjsiol  ofi^ratoire,'*  1879, 

U^ugley, /'At7,  Trans.,  London*  1S92,  vol,  r-lx.xxiii,  ]>.  104. 

*jlrcA.  /  d.  gts.  Ph^f^wK^  Bonn,  1894,  Bi].  Iviii,  S,  Wk  Strictly  speaking,  the 
eiperimpnt  mily  hIiows  tliat  tlic  great  niajnrity  ^t  tlic  nrrvo  fibros  of  the  c+T^ical 
«ym pathetic  have  their  trojihk  centro  in  thi'  >i[>inal  lonl  hf^.]i)\v  the  huiniscrtioii.  IF  iven 
acousideraMc  nun3li<jr  nf  hbres  ha^l  di-genvrated,  tijey  wtmld  have  been  absorlied  in  the 
time  allowed,  and  would  have  left  no  reco<jnii»ahle  trace. 
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The  sympathetic  nerve-fibres  are  connected  with  nerve-cells  in  the 
superior  cervical  gangUon.  If  the  cervical  sympathetic  be  cut,  the  end 
towards  tlie  ganglion  gives,  in  about  four  days,  no  effect  on  stimulation » 
but  stimulation  of  the  ganglion  itself  or  of  the  fibres  l)eyond  it  causes 
secretion  and  pallor  of  the  gland  (p.  522).  On  microscopical  examination, 
the  nerve-fibres  are  found  to  be  degenerated,  as  far  as  tlie  ganglion 
but  not  beyond  it.  Injection  of  nicotine  causes  for  a  time,  varying  with 
the  dose,  etVects  like  those  caused  by  degeneration  of  tlie  nerve.^  In 
the  oat  even  5  mgrms.  of  nicotine  may  be  sufficient  to  ]^)araly8e  the  cervical 
syuij)athetic  for  a  time,  but  very  large  amounts,  e.g.  500  mgnns.,  do  not 
paralyse  the  nerves  beyond  the  ganglion.  From  this  and  from  other 
facts  we  deduce  that  the  sympathetic  fibres  are  not  connected  with  any 
sympathetic  ii(»rve-cells  peripherally  of  the  superior  cervical  ganglion  ; 
and  there  are  reasons  for  believing  that  they  are  not  connected  with 
any  nerve-cells  between  the  ganglion  and  the  sj)inal  cord.  In  the  dog 
tlie  cervical  symi)athetic  is  nuieh  less  readily  paralysed  by  nicotine. 

Secretion  of  saliva  produced  by  stimulation  of  the  medulla 
oblongata. — IkMiiard'^  found  that  puncture  of  the  fourth  ventricle  in 
thedo^r  causes  secretion  from  all  the  salivary  glands,  and  if  the  ])uncture 
be  'A  litlh*  above  the  sj)ot,  injury  of  which  jn-oduces  diabet<?s,  the  secre- 
tion may  be  confined  to  the  submaxillary  gland,  and  from  this  gland  may 
be  abundnnt.  Loi^b*^  showed  that  ])uncture  of  the  medulla  caused  agrciiter 
secretion  tVcnn  tlie  submaxillary  or  the  ])arotid  gland,  according  as  the 
puncture  was  in  thcj  I'egion  of  the  nucleus  of  the  ninth  or  of  the  seventh 
nerve  r(»s])e('tively.  With  puncture  on  one  side,  the  efl'ect  on  the  sub- 
niaxillaiy  ^land  of  the  o])posite  side  wjis  nnich  greater  than  on  the 
])arolid  of  tlie  o])])osite  side,  (iriitzner  and  Chtapowski  *  observed  that 
stimulation  of  the  medulla  oblongata  caused  abundant  secretion  if  the 
chor<Ia  lyin])ani  was  intact,  a  slight  secretion  if  it  was  cut,  l)Ut  none 
aflei'  section  of  both  tliechoi'da  and  the  syni])athetic. 

Secretion  of  saliva  produced  by  stimulation  of  the  cerebral  cortex. 
—  It  is  imi  clear  that  the  cortex  of  the  ('(^'cbral  lieinisi»hei"es  is  connected 
witii  sc(  r,i  iuii  — or  indeed  with  any  visc(M^al  ]»henonuMion — in  the  way 
in  which  it  is  connected  with  the  various  body  movements. 

Siiiniil;it  lull  of  tli<*  inoto]'  ai(M,  takiiiL^  the  matter  broadly,  causes 
>c('!('iioii  iVuiii  t  he  salivary  glands,  inoic  readily  than  do(»s  stimulation  of 
any  other  \)\\\\  of  I  lie  coilex.  So  far  as  tlie  ex])erinients  go,  the  region 
whi'li  causes  niaxiinuiii  secretion  fi'oni  the  suhniaxillary  gland  causes 
also  iiMxinimn  scciciion  from  the  ])ar(»tid.  A])])arently  the  secretion 
ce.i.scs  on  cuttinu'  tlu'  cranial  secretory  neive. 

The  e\|»crimeiits  in  which  the  j)ortions  of  the  cortex  which  cause 
secretion  \\\\\v  hcen  niap])ed  out  were  ma<le  on  dogs  under  curari. 
Th«.-e  who  h.i\('  experimented  on  undru^^iMJ  animals  tind  that  stimula- 
tion ot'  th''  laiial  aiea  causes  no  secretion  so  loniT  as  the  resulting  inove- 
ni(Mit  i^  eniitineij  t«»  the  facial  mu>cles,  and  l^ckhai'd  ■''  elates  that  the 
secretion  of  s.iji\,i  iVoni  the  suhmaxillaiy  udands  only  hc^nns  when  tlie 
stimulus  is  continueil  loir.,^  eiKiuj^Hi,  or  is  made  strong  encaigh,  to   induce 

'  I.iiiL'lv   a;i  1    Di'lJnson,    /'.•"-.    //'>//.  .V"".  Lombui,    ISS;),    vol.    xlvi.  ]>.  4*2'*;   Laiiglov, 
.I.urn.  J'i"i'/",l.,  r.iiiil.riiiL;'' and  l.oij.loii.  iM'O,  vol.  xi.  j*.   lol. 
-  •'  I.f.-oii-  <1<^  ;-liysi«(l.  (■.\i.«'iiiii.iitali',"  lsr>*;,  15.1.  ii. 

■^    0/'.    (•//.,    SUyi-it. 

'  .1/---A.  ./*.  '/.  '/'■:.  rhiianJ.,  r.oim.  n7:l,  IM.  vii.  S.  Wl-1. 

'•'  Xnirni.    f '•  ,if  rin>l.,    I^-ip/i;,',    1  >«'•',    l».    'i.').       (.T,    also    y>/7/-.     :.    Anat.     v.    Phit<t'.!. 


CHANGES  DURING  SECRETION.  4!$ 

geneml  convulsions;  he  oonsklera  thai  the  saliva  obtained  m  the 
ciirarise<l  animal  is  Aim  to  an  irradiation  of  nervous  impulses,  and  not  to 
a  localised  cortical  stimulation. 

KiiU  *  obtained  no  secretioii  from  the  submaxillary  gland  in  unantesthet- 
ieed  dogs  on  etimulating  tlie  facial  area,  unless  there  was  general  tetanuB,  a 
condition  in  which  Brauri  -  had  already  ohfiervcd  a  flow  of  saliva  f runi  the 
mouth.  Lupine  and  IJochefontaine"'  obtained  fieerction  in  curari.sed  ilogs  by 
■liinulating  the  anterior  portion  of  the  cortex ^  iiichidin«^  the  facial  area.  The 
accretion  was  more  a  htm  d  ant  on  the  side  stimulated.  Jlochefontaine/'  shortly 
after,  gave  a  more  detailed  account  of  the  parts  of  the  Ciutex  from  which 
•ecretion  could  Ix^  induced  ■  i^ecretton  was  obtained  by  stimu latin lj  spots  0!i  the 
porterior  |iart  of  the  brain,  and  alsu  by  stimulating  pirtjs  of  the  dura  mater. 
The  experiments  show  little  or  notliin*,'  aj^  reganls  the  que.'^tion  whether  there 
are  special  areas  in  the  cortex  connected  with  llie  secretion. 

Bec'hterew  and  Mislawsky  ^  found,  Jil&o  on  curarised  dogs,  that  tlie  rcgitm 
which  caused  secretion  when  stimulated  with  weak  currents  was  more  Hrnited 
than  tliat  described  hy  Bochefont^iine.  Stimulation  of  the  anterior  Sylvian  and 
anterior  comiK>siie  convolutions  ciused  .secretion  from  both  the  submaxillary 
and  parotid  glands.  Stimulation  of  the  anterior  liml>  of  the  sigmoid  gyruii, 
and  of  the  anterior  extremities  of  the  coronal  and  anterior  cc  to -Sylvia  11  con- 
Tolotions,  caused  secretion  from  the  subniaxillary  gland  only.  With  stronger 
currents,  secretion  was  somctiraes  o!>tainf'd  fr<Hii  the  u)or*'  posterior  portions  of 
tlie  cortex.  They  founds  ludike  Lepine  and  iSucliefontaine,  no  etlect  on 
stimulating  the  orbital  convolution. 

Changes  in  Salivauy  Glaxdh  nuiaNG  SEcnETiON. 

The  cban<^e8  wbi^di  (K'cur  in  salivary  ^daiids  ibiriii<^  seoretion  are 
progressive,  and  there  is  no  suiiieient  reciMoii  iVu"  believing'  that  the 
clianges  which  occur  in  the  cells  at  the  enrl  wi  a  day'H  active  secretion 
differ  in  kind  frcmi  timse  wlii<di  occur  in  tbc  first  t(^!i  niinuh^s. 

The  evidence  i.s,  it  sceniH  to  nii\  dooisiM^ly  ngainst  the  view  that 
during  salivary  secretion  there  Ib  a  lueakiiij^r  dowri  nf  tbf  mucous  or  of 
other  gland  cells.'^  If  saliva  at  any  staj^e  id'  secivtinii  is  nlloweil  to  run 
into  alc«jliol,  mercuric  chloride,  or  otlier  bardeninj^  ivjigcnt,  ^lisiiite- 
grating  cells  are  not  seen  in  the  sediment  as  it  fnrnis,  nor  nuclei  beyond 
those  which  ariBe  fnun  the  se]iarate<l  cells  uf  WliarttmV  ibic^l  and  from 
leucocytes.  And  in  the  j^land  itself  I  her*'  is  at  nn  stu^^e  nny  sign  of 
active  cell  division ;  the  nuclei  underi:nim^  mitidic  divisiuTi  nre  as  rare 
•9  they  are  in  the  rcstiuj^  glanclj 

Two  fundamental  changes  undoubtedly  take  ]d;i('(*  in  tlio  *.rhuid  cells 
during  sec;retion. 

There  is,  first,  an  excretion  of  i\  grealer  or  less  ainoinit  of  Ibe  sub- 
stance wi  vie  h  has  been  previously  formed  in  the  colls  ;^  this  Hubstanee, 

^CeniraJbLf.  d.  med,  Wissensch.,  Re  r  I  in,  1S7j,  S.  410. 

^  Beilr.  2,  AiuH,  n,  PhijsiuL  {Eckhard)^  Uiesfien,  1870,  n«l,  vii,  S.  i:iO. 

*  Qas.  wwSrf.  ds  Paris,  1875,  p,  33 ii. 

*  Arth,  de  pkymoL  n&rm.  H  path..  Fans,  1876,  p.  161. 
►Acwro/.  Ccntraibl,,  Uip?.ig.  1688,  ]i.  f.n3. 

*  It  must  be  iiicntioiied,  however,  Llmt  Hoidcnliaiii  in  hi^i  tnafivp  (Ilprni^niifij 
**  Handlmcli/'  18M,  Bd.  vj  niaiutfUna  tlip  viow  ori;^nally  adv?iiicL'd  ly  Iniiu  that  jfiue^ous 
eeU*  dmnle^Ttkiv  in  rorni  jiart  of  tlii^  K^^rTction. 

'  Langlcy,  lYoc.  Roy.  Soc.  Lfmdojt,  l«S«j,  vol,  xli.  p.  ^fi2  ;  B\//oivro,  yircfwu'.'i  .irrhit\ 
US7,  Bd.  ci.  S.  181. 

*  Heidenhain*  Jrck.  /.  d.  Cffx.  Phyxinl,,  Mnnn.  1S78,  Hik  xvii.  S.  A^i  Ih^riu&nn'a 
"  Uaudlmch/'  1883  ;  Lavdowsky,  Arrh.  f.  mikr.  Aval,  Honn,  1S77*  Hd.  xjii.  S.  33;», 
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as  it  is  forinod,  is  for  the  most  part,  at  any  rate,  stored  up  in  the  cells  in 
the  form  of  granules.^ 

Secondly,  there  is  a  taking  up  of  proteid  material  by  the  cells.*  Tliis 
occurs  more  or  less  exclusively  in  the  outer  part  of  the  cells,  and  is  the 
cliief  cause  of  the  formation  of  an  outer  non-granular  zone.^  The  taking 
up  of  fresh  proteid  substance  is  usually  spoken  of  as  a  growth  of  proto- 
plasm ;  we  may  use  the  expression  as  a  matter  of  convenience,  bearing 
in  mind  that  a  large  portion  of  the  fresh  proteid  substance  may  be 
simply  deposited  in  interstices  or  larger  spaces  of  the  protoplasm. 

ft  is  ])rol)able  also  that,  during  the  whole  period  ^accretion,  there  is 
a  conversion  of  tlie  newly  taken  up  proteid  into  the  material  for 
secretion,  or,  in  otlier  words,  the  protoplasm  is  continuously  disappearing 
and  .L^nving  rise  to  granules. 

The  loss  of  granules,  together  with  the  growth  of  protoplasm,  causes 
the  gland  to  become  less  white  and  less  opaque  to  the  eye. 

The  nuclcup,  as  was  first  shown  by  Heidenhain,  is  raore  obvious,  and  the 
nucleolus  more  conspicuous,  in  sections  of  the  active  gland  than  in  those  of  the 
resting  gland.  The  shrunken  state  of  the  nucleus  in  the  resting  gland  appears 
to  be  due  to  the  action  of  the  hardening  agent,  for  in  teased  glands,  when  the 
nucleus  is  visible,  without  serious  alteration  in  the  normal  form  of  the  cell,  it 
is  seen  to  be  sj)herical.  Nevertheless  it  is  probable  that  there  is  some  increase 
in  the  organic  substance  of  the  nucleus  during  prolonged  secretion. 

Durini,^  rest  ^  the  protoplasm  decreases  and  the  gi*anules  increase,  and 
it  would  not  bo  unnatural  to  sup])Ose  that  no  other  changes  take  place  in 
the  cells  l)ut  those  associated  with  the  conversion  of  proto])lasm  into  a 
substance  ri])r  for  excretion.  The  ])oint  is  one  of  great  importance  for 
the  ]»ro])or  understanding  of  the  secretory  processes.  Is  there  or  is 
there  not  duriiiLT  rest  any  interchange  between  the  cells  and  the  lymjdi, 
b(\v()iid  that  of  the  taking  u])  of  oxygen  and  the  giving  oil'  of  carbonic 
acid  ?  TIkm'c  is  no  ex])erimental  evi(b'nce  to  show  whether  the  amount  of 
oxygen  taken  uj)  l)y  the  gland  cells  is  so  nnich  in  excess  of  the  carbonic 
acid  ^JNcn  oil*,  that  an  increase  in  the  weight  of  the  gland  takes  place; 
but  this  is  (Ml  general  grounds  ]irobabl(*.  enough,  to  ])revent  us  from 
atlrihutiiiLT  otlhaixl  any  increase  in  weight  which  may  occur  in  a  gland 
(hiriiiLT  icsl  to  its  cells  having  tak(^n  from  the  lymph  ])rotei<l  or  substance 
othei'  than  (txygeii. 

AVe  may  take  lirst  the  evidence  that  glands  increase  in  weight 
during  rest.  Ojjviously  this  is  jtroved,  if  it  can  he  proved  that  there  is 
a  deciease  in  weight  during  secretion. 

Heidenhain  stimulated  the  chorda  tym]»ani  on  one  side  in  a  <l<ig,  and, 
after  ol)taining  a  considerable  amount  of  s<'ili\a,  killed  the  animal  by 
]»lee<h'ng  it.  se]>arated  the  glands  ow  the  two  sides  from  their  ca]>snles, 
and  as  far  as  ])ossihle  from  connective  tissue,  and  then  weighed  them. 
He  fouiKl  that  the  active  gland  wrigjied  less  tlian  the  resting  gland. 

^  Laii^']<v,  Jnuni.  ]'}i;isi(>/.,  (\nnl>ridgf  iiinl  L<>ii<l<«ii,  vnl.  ii,  p.  l'»»1  ;  Interna*.  }fnn'ff<^('],r. 
f.  Annt.  y/lflsfni.,  ]>.'?4,  vd.  i.  p.  ^Y^  :   I'roc.  /:<>>/.  Sor.  Lnnchny,  ]s^»;,  vdI.  xi.  ]».  3»;i>. 

-  II<'i«l»Ti]iaiii.  .-//•-•/'.  /■.  '/.  (I'S.  r/n/si.,l..  ]>(»im,  ]S7s,  1>(1.  xvii.  S.  4:J :  IIfriii;inir< 
*' Il.iTHll.ii.li,"  l^>^:',  :  T,av.](.wsky,  Arch./,  mlkr.  Amif.,  n.mn,  1S77,  li<l.  xiii.  S.  :i:;.^,. 

"  It  is  it(ili;j|.s  h.iiflly  worth  while  to  (hfcnd  tlie  use  of  the  word  •' restiiijjj"  for  a  j^dainl 
wlii<'h  for  some  time  h.is  st  er.-tt  d  l)ut  little,  and  the  use  of  the  word  "active"  for  a  i^laii'l 
wliich  for  some  tim«'  lias  been  secretin;:  more  or  less  copiously.  The  words  lead  to  no 
amlii^^uity.  and  tlic  ohjections  to  them  apjiear  to  mc  ]iurely  j^edantic.  "Active"'  aiitl 
"re.stin<x."  applied  to  any  livinj;  tissue,  are  essentially  relative  terms;  it  can  hardly  he 
doubted  that  there  is  greater  chemical  change  when  secretion  is  going  on  than  when  it  is  not. 
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CHANGES  DURING  SECRETION 


^ 


Three  experiments  were  made ;  tlie  chonla  t  j-nipani  was  stimulated  on 
the  left  aide. 


Amount  af  Saliva 
obUJned. 

'       Weight  of  Aotivn 

Weight  of  Resting 
Giuid. 

£zpfltiment  1      .     * 

2  .     . 

3  *     . 

55  c,c. 

75  c.C. 

220  c.c. 

5 '04  grnis. 
5-42      „ 
5-91      „ 

5*06  grms. 
6-86      ,, 
6-36      ,. 

Ill  these  experiirients  tfie  left  gland  wns  tlm  nim  tliat  was  caused  to 
secrete,  and  there  is  some  reason  to  think  that  thi*  left  fjlantl  is  normally 
heavier  than  the  right,  for  Bidder  found  this  to  l>e  tlie  ease  in  eleven 
cases,  and  Heidenhain  in  two.^  Pawlow,-  Imwever,  notieed  no  appre- 
ciable ditterenee  in  the  amount  of  intro^^t-n  eontained  l>y  ten  riglit 
jind  by  ten  left  suhniaxillsiry  glamls  of  the  di^.  Hub  ko  long  an  it  is  not 
shown  that  the  right  gland  may  lie  normally  lieavier  than  tlie  left,  we 
may  fairly  conelude  tliat  tliere  is  a  loss  of  weight  by  the  gland  during 
secretion  and  a  gain  of  weight  during  rest. 

The  qnestinn  may  lie  aii[*roaelN^d  from  another  side,  Mif'rose*i]»ieal 
examimition  shows  decisively  that  dining  secretion  the  glund  cells 
become  smaller;  tliey  nuist  then,  taken  together,  decrease  in  weight 
unless  the  i»ereeutage  of  solids  in  them  increases.  lUit,  acernding  to 
Heidenhain,  the  percentage  does  not  increase  chn*ing  secretifm ;  on  the 
contrary,  it  decreases.  Thus,  in  one  experiment  upon  a  tl(>g,  in  which 
ab«:)ut  220  c.e*  of  saliva  were  obtiiined  fiy  stiumlating  the  rhorda  tymjiain, 
the  percentage  of  solids  in  the  resting  ghuid  was  28'.!  i>er  cent.,  and  in 
the  »timidated  gland  it  was  only  21 M  per  cent,  so  that  there  were  7  per 
cent,  less  solids  on  the  stimvdated  side. 

Thifi,  it  miiJ^t  I:>e  remembered,  apf^Jies  to  Lho  ;,4and  as  ji  wholo.  In  con- 
cluding that  there  iB  a  decrease  in  the  percenttijLju  of  solids  in  the  ju-tusd  gland 
cells,  we  aasome  that  the  percentaj^'e  coiH|Kfsitirai  of  the  ^Innds  on  the  two  sides 
is  approximately  the  same,  that  tliere  is  no  ii[ii>ri'«;ialih^  <lilR'renf.'e  in  the  arnonnt 
of  blood  and  lymph  upon  the  two  siile.^  and  that  the  cojincrtiw  tissues  in  the 
gland  are  too  small  in  amount  or  to<i  ccms^tant  in  eonipo.'iitioii  to  Lilfect  the  result; 
these  assumption.'^,  however,  appear  to  be  Ju^itihable. 

The  other  experiments  made  by  Ileiih^nhain  ^'  were  as  follows: — 

1.  Tlie  left  chorda  tymi>ani  wan  stinudated  an<l  75  e.c,  of  saliva  obtained. 
The  right  submaxillary  gland  contained  23  per  rent,  <if  solids,  the  left  gland 
18*6  per  cent, — a  decrease  of  4 '4  per  c!ent. 

2.  The  left  chorda  tympani  was  stimolated  and  55  c,c.  of  saliva  obtained. 
The  right  submaxillary  gland  eontaiiu'd  21  [>er  lent.  of  solids,  the  left  ^dand 
21  5  per  rent — a  decrease  of  3  5  per  fi^nt 

Heidenhain  found  a  slight  deerease  also  in  Lite  pereentaj^e  of  solitls  on 
stimulating  the  cervical  symp[itheti<\^  The  time  of  stimulation  is  given,  hut 
not  the  amount  of  saliva  obtained. 

^  Op,  eiL,  p,  57. 

^VfTdralbLf.  Phenol.,  Lcip^iR  n.  Wien,  LS'^S,  .S,  lfl7. 

^  SiUiL  d.phmio!.  Inst.  liLJifyshfft^  \y1\mj4,  ISCB,  Heft  i,  S,  Tk^. 

*  Op.  cU,t  p*  <J6. 
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1.  Sympathotic       aiuhted  for  two  and  u  Imlf  Imura.    The 
had  25  per  cent,  of  bw  ds,  the  stimulated  gland  23*6  [ler  cent. 

2.  Sympathetic  at  aiulated  for  ii%*e  and  a  hrilf  hours.  The  resting  gland 
had  25  per  cent  of  aohds,  the  stimtilnU'd  gland  24^4  per  cent 

We  may  L^ontdide,  then,  that  during  secretion  the  gland  eelk 
decrease  in  weight,  i.nd  therefore  tliat  they  increase  in  weight  during 
rest.  The  increase  i  i  rest  might  lie  due,  as  we  have  said,  to  a  taking  up 
of  oxygen.  But  the  oLservatiiois  of  I'awlow,^  if  they  are  Widl  founded, 
show  that,  whether  e,n  ineraase  in  weiglit  due  to  oxygen  coniliinatioiia 
occurs  or  not,  there  ib  dming  re^it  a  nut  incnnsiderable  increase  id  the 
nitrogen  of  the  j:*liind8,  ami  tliis  can  hardly  l>e  due  to  ati}i,hing  else  than 
an  absorption  nf  proteids.  Pawlow  estimated  by  Kjcldahre^  method  tiit? 
amount  of  nitrogen  in    *  'a        *  "ary  gland  of  the  dog  on  the 

one  hand,  and  in  the  i  I  l.»,v.  in  tlie  saliva  seereted   h\  it 

on  the  other  hand.     B  T  miniating  the  central  end  of 

the  sciatic  for  nue  a  l     In  ten  (right)  atimuLated 

glands  he  found  \'%1\  he  ten  (left)  non-stimulat^rd 

glands  he  found  2'18  ;  imiing,  then,  that  the  gknds 

had    the    same    amoi  tart    with,    the    stimulat<Mi 

glands   had   h»8t   dim  of  their  nitrogen -holding 

substance.     In  the   g  id   04 IG  grma  of  nitrogen, 

so  that   presunialdy  j  up  during  secretion  about 

0*1   grm.   of   Tutiogen  I  ^/|   of   the  t^ital   amount.      The 

numerical  results  are  not  „„..i  ehoidd  expect  jfrom  the  micro- 

scopical appearances  of  the  glain*  n^ds,  and  it  is  desirable  that  tlie 
experiments  sliEndil  he  repeated. 

The  general  clmracterH  of  the  cells  of  the  lobular  ducts  suggest  that 
they  are  not  simply  the  linhig  coIIh  r*f  a  condneting  tube,  but  are  rather 
active  c(mstitur'ots  nf  the  gin  rid,  eiMicerned  either  with  adding  to  the 
saliva  as  it  ])asses  by  them,  or  with  subtracting  from  it.  There  is  not, 
however,  any  clear  evidence  on  the  matter.  It  is  true  that  when  a  con- 
siderable amount  of  methylene-blue  is  injected  mto  the  blood,  and  the 
glands  are  excited  to  secrete,  small  deep  blue  particles  may  be  found  in 
the  duct  colls  as  in  the  alveolar  cells,  but  methylene-blue  is  so  readily 
taken  uj)  l)y  many  tissues  that  little  trust  can  be  placed  on  this  as  show- 
ing a  secretory  function.  The  cells  of  the  lobular  ducts  contain  small 
granules  in  their  outer  portion,^  and,  according  to  Mislawsky  and 
Smirnow,^  these  gi'anules  decrease  during  secretion,  but  it  does  not 
a])pear  to  me  certain  that  the  changes  descril)ed  by  these  authors  are  not 
due  to  couditir»ns  other  than  secretory  activity.  Merkel  *  observed  that 
the  cells  with  striated  epithelium,  i.e.  most  of  the  lobular  duct  cells  of 
the  submaxillary  and  parotid  glands,  stained  a  deep  brown  when  treated 
with  ]>yrr)gallic  acid  in  the  presence  of  oxygen.  He  considered  that  the 
stain  was  due  to  the  presence  of  calcium  salts  in  the  cells.  This 
naturally  suggested  that  the  lobular  ducts  with  striated  epithelium  might 
secrete  calcium  salts.  But  Werther  ^  has  shown  that  the  percentage  of 
calcium  salts  in  the  sublingual  saliva  of  the  dog  is  rather  greater  than  in 

'  Ccntralbl.f.  Phy!<iol.,  Loipzig  u.  Wien,  1888,  S.  137. 

-  Laiigley,  Jonm.  Physiol.,  Cambridge  and  London,  1889,  vol.  x.  p.  433.  When  the 
granules  of  the  duct  colls  swell  up  and  become  indistinct,  the  substance  between  them  takes 
on  the  characteristic  striated  appearance  vseen  in  hardened  specimens. 

"^Arch.f.  Anat.  u.  Physiol.,  Leipzig,  1896,  Physiol.  Abtli.,  S.  93. 

**  "  Die  Speichehohren,"  Leipzig,  1883. 

*  Arch./,  d.  <j€s.  Physiol.,  Bono,  1886,  Bd.  xxxviii.  S.  293. 
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submaxillary  saliva.  Anil  it  hiipiit-'iis  that  tlie  tliicts  with  striated 
epithelium  are  very  scauty  in  tliu  Hubiiiiguiil  gland,  whilst  they  are 
Dumeroiis  in  the  auhiuaxillary  glainh 

Beflkx  Secektion  of  Saliva  in  Nokmal  and  in  other 
Conditions, 

In  man,  more  complete  ohsei  vatitms  liave  l>ee!i  maile  nn  tlie  finw 
of  saliva  from  the  jiarotid  than  im  that  from  tlie  Hiihifmxiliaiy  glaiul, 
Bince  the  dint  uf  the  iwimtid  is  suiuetitiie.s  aiMuleiiUilly  iiijmt'd,  8*1  that 
the  estalilishiueiit  of  a  pamtid  fistula  he</t)mes  neceysaiy.  Ihit  yome  of 
the  c^mditioiis  of  riijw  frnui  either  ^dntid  may  he  rcuidily  oltserved,  when 
iimnuula  is  simply  ]ilaci.'d  in  the  npeniog  uf  llir  ihut  nf  the  ghiiid  intu 
the  mouth. 

In  the  dog,  sheep,  huise,  and  othiT  animals,  HHUK-times  a  jiermanent 
fistula,  and  sometimes  a  tempnrary  Hstida,  of  mie  or  on  ire  of  the  ghuids 
ia  estaUisheth  The  observatimiB  liave  Uien  niadt.'  wilh  and  without  the 
adiuLuistration  of  aua'sthetii'B. 

Ordinarily,  hetween  meals,  the  huge  mlivary  gkntln — except  the 
parotid  glandn  ^>f  runiinantH — do  Ui^t  secn^te.  Uiit  aw  the  mmous 
membrane  of  the  mcaitfi  i^  constantly  kept  muisi.  sahva  mu^t  constantly 
be  fonned  hy  the  smaUer  gljuj<ls  of  the  mucfuis  memhrane.  In  sume 
aiiimaLs  tfie  amount  of  this  werrctifai  is  very  ronmderable ;  tliuw  in  the 
iiorse,  during  abstinence,  lUO  U\  I'lO  vr.  of  saliva  are,  aecording  to  t'olin/ 
fr>rmetl  in  an  hour,  Prr»bably  duiing  sh*e]i  tli<j  aruount  diminislies. 
Tliere  is  little  doubt  that  this  secret ioti  is  produred  n^th.'xly  by  condilionw 
affecting  the  njuciais  mcnd>raiie  of  the  monlli,  and  a  slight  incre:ise  in 
the  Htrengtb  i>f  the  stimuli  pruhably  vsets  iu  adiou  the  larger  glands  also. 

In  ruminants  there  are  some  j>eeuliarities.  The  pamtid  gland  se- 
rretes  eontinuoiisly  (Colin/  Eckhard  -),  The  seeretiun  i,s  tuosL  alnmilant 
(luring  feeding,  rather  lesn  tluring  nujiinatioij,  and  one-eighth  to  one- 
fourth  the  ruininatif^n  rate  during  resL^  Ihiring  rest,  the  sohioaxillary 
glands  seerete  little  <u-  not  at  all,  and  it  is  a  rt-jnarkaltlc  fact  tliat 
nimination  does  not,  as  a  rule,  cause  any  sci-retion  from  these  glands, 
although  it  inrrea-ses  tlie  8erretJon  fmm  the  parotii!  ghutil,  and  althongh 
feeding  caiisefi  a  secretion  from  ;dl  the  ^lamls. 

Colin  found  in  ruminimta  a  slight  continuous  secretion  from  the  sub- 
maxillary ftnd  sublingual  sli^"di*  during;  rest.  Klletdicrrjcr  and  llofnieister' 
found  none,  but  they  mdiued  thnt  there  was  occasiorjally  a  sli^Hit  .secretion 
iroin  the  aubtuaxitbry  gland  ilnrin^'  ruiuiniition,  and  a  more  ro[iions  sfi-retion 
during  the  act  of  drinking  A<ci iriiin;^  to  thcsti  uhs*'r\ri>,  thi-re  arc  iMTasionul 
ehort  i>auses  in  the  parotid  seiTetion  duriii^^  rc^t. 

In  runiinaiiti*^  further,  it  has  been  .'^aifl  '  ihut  the  secretion  frmn  the  panitiil 
gkod  continues  after  section  of  i%\\  the  nerves  rnnning  to  it.  In  the  ox, 
Maussu  (1890)  found  that  si^ction  of  the  buccal  nerves  diaiinished  greatly, 
but  did  not  quite  sUpp,  the  jiarotid  secretion.  Kekhanl  (1893)  .st/ites  l\mi 
section  of  these  nerves  doejsina  alfect  the  panitid  secretion  in  tlo*  sbei»|i :  he 
found  alx>ut  IJ  c.c.  to  bo  secrete*!  in  ten  nnnnte^},  whether  the  nerves  were 
cut  or  no.     The  matter  reqnireK  fnrther  investigation, 

^  Op.  cU,  '  Zfsrhr.  h  rat.  Af^d,,  IH1J7,  lit],  xxix.  S.  74. 

*  Areh.f,  Anal,  u,  Phj/nol,  b^ipzig,  IMST^  tliywiol.  Alah.,  Snjiij,  lid.    S,  i:iS. 

*  CetUralbl,  /.  Physiol'.,  Lcij>/jfi  u.  Wiiii,  1SI(3,  S,  :^jr».     CC.  .SL^iwaioi,  IhUr.  r.  Ajmt. 
lu  Phifnol,  {Eekhard},  (Jieasen,  iJd.  vii.  S,  170. 
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In  man  during  hunger,  the  sight,  smell,  or  idea  of  food  is  sufficient 
to  cause  a  secretion  of  saliva  from  all  the  salivary  glands ;  and 
chewing  insolul)le  substances  has  a  similar,  though  apparently  a  less 
effect.i 

Secretion  in  this  way  is  said  not  to  occur  in  lower  animals.  Thus 
Schift*^  found  in  a  dog  with  a  parotid  fistula,  that  no  flow  of  parotid 
saliva  was  caused  by  the  sight  or  smell  of  the  meat  the  animal  was 
endeavouring  to  obt<ain;  when  it  was  induced  to  bite  a  piece  of  wood, 
the  meat  still  being  in  sight,  there  was  slight  secretion  from  the 
submaxillary  gland  l)ut  none  from  the  parotid,  but  on  placing  sapid 
substances  in  tlie  mouth  there  was  at  once  a  rapid  secretion.  And  Colin 
states  that,  after  a  parotid  fistula  has  been  established  in  a  horse,  and 
when  the  animal  is  in  a  state  of  hunger,  there  is  no  secretion  from  the 
parotid  when  the  animal  is  offered,  but  not  allowed  to  take,  corn,  nor 
when  it  masticates  oakum,  although  mastication  of  corn  readily  causes 
a  secretion. 

Sapid  suljstances  taken  into  the  mouth  cause  more  or  less  secretion 
from  all  the  salivary  glands.  In  man  all  substances  are  effective,  and 
drinking,  wine  fcjr  example,  is  sufficient.^  Acid  placed  on  the  Umgue  is 
apparently  the  most  effective  stimulant  among  the  sapid  substances,  but 
there  are  not  sufficient  observations  in  man  as  to  the  amount  of  saliva 
produced  by  other  substances,  to  allow  a  satisfactory  opinion  to  be  forme<l 
as  to  the  relative  effectiveness  of  salt,  sw^eet,  and  bitter  bodies.  Masti- 
Ciition  considerably  increases  the  flow  of  saliva,  probably  by  bringing 
the  ])articlcs  into  ])etter  and  more  frequent  contact  with  the  mucous 
meiiibraiie. 

Chlorofoini  and  ether  when  inhaled  cause  secretion,  Ijy  stimulating 
the  gustatory  nerve  endings,  and  possibly  also  the  other  nerve-endings  in 
the  mucous  iiieml)raiies;  if  given  l)y  the  trachea,  they  do  not  c^iuse 
secretion.  Alcohol,  ether,  or  chloroform,  wii(?n  mixed  with  water  an»l 
iield  in  the  numth,  cause  a  fairly  free  secrcticai  of  saliva. 

In  carniv(»ra,  so  far  as  the  experiments  go,  acids  (vinegar,  tartaric 
acid)  cause  the  nm.st  aliundant  secreti(ni;  salts,  either  neutral  or  alka- 
line, a  less  secretion,  but  still  a  fairly  co])ious  one:  bitter  substances  a 
nuK'h  less  secretion,  and  sugar  little  or  even  none.  With  sapid  sub- 
stances in  tlie  mouth  the  secretion  is  increased  by  mastication. 

Tluis  ricrnanl,^  in  one  experiment  on  a  do^',  in  which  c.annidap  were  j>laced 
in  the  ducts  of  all  three  glands,  obtained  a  copious  secretion  from  vinegar,  less 
from  sndiuiu  carbonate,  still  less  from  C()lo(!ynth,  and  nunc  from  sugar  or  from 
water.  'J'lie  relative  eti'ect  on  the  several  glands  was  practically  the  same  with 
all  the  suhstances. 

Scliill '^  o])taine(l  some  secretion  from  the  ])arotid  listiila  of  a  dog  by 
plaiiii^'  su^ar  on  tlie  base  of  the  ton;^nie,  l)ut  none  by  placing  it  on  the  tip. 

AccoidiiiL^'  to  CnHii,'"'  weak  acids,  salts,  or  aromatic  substances  place<l  on 
the  buccal  muc<>us  niem1)rane  ;^'ive  rise  to  no  a})preciable  secretion  from  the 
l)aroii(i  of  the   horse  durini^  abstinence,  and   do  not  sensibly  increase  the  cnn- 

'  C')liii  ,'ind  Piomjtt,  1^74  sen  (JdHii,  "Traitc  do  |>liysiol.  compan'o."  et<\,  3rd  i.-diti«*ii, 
p.  1  1.  in  tho  rase  of  ;i  unrl  witli  a  parotid  fistula,  n<itiLe<l  that  chewing  a  piece  <^t"  rlMton 
causrd  a  scn-.jt.ion  of  only  one  drop  of  saliva  in  two  niinut*^.-!. 

-  '*  P'^ntDH  sur  la  |>hy>iolo;^no  dc  la  di^^cstion,"  1>07. 

•'  Colin  atirl  IVi'mpt  MSZ^',  case  or])arotid  listula  {A.  su/)ra). 

'  "  Lr.-ons  (]<•  physiol.  fxixr.,"  IS.'if;,  tonio  ii.  ]>.  ^'2. 

■'  "  bc'un.s  snr  la  physiol.  do  la  digestion."'  1S67,  tome  i.  ]».  ISfi. 
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tfuQous  parotiil  H«ecretioo  of  ruminants  ;  bot  do  nevi?rtheleRfl  eause  n  secretion 
from  the  fiubmaxilliiry  and  KublitigosLl  glanili^.  His  sttitenieiits,  however,  are  not 
quite  coDsii5tent,  and  we  may  suppose  that  the  dilference  [a  only  one  of  degree. 

In  herbivora,  m!iHtie4iti<ni  is  jxHt'oTnieil  altevnzUfly  uii  the  two  mdes, 
the  jieriotls  being  usually  uiii'  quarter  to  half  an  liuun  In  the  liurHe,  and 
prijhably  in  utlier  lierbivunats  animals,  itie  Heereti<ui  from  tlit'  parotid  is 
mud  J  greater  on  the  mastieatiu^'  tlian  rui  the  iion -masticating  side.  In 
the  horse  two  to  tliiiee  tinies  an  much  saliva  ia  usually  seereted  un  the 
mjistieating  as  on  I  lie  opjiosite  .side,  Init  tlu^  rati«j  niay  he  t-itfier  greater 
or  le.ss  than  this  (Beruaid,  Cidin).  It  weenis  reaNnuuhh'  in  suppune  ihat 
itils  is  due  to  the  better  eoiit:u't  nf  fnnd  with  the  munni.s  menibiaiie  of 
that  side  of  the  mouth.  Accfjnliug  Xu  Ctdin,  however,  llrertj  18  nrt  sueli 
<Ufferenee  in  the  ftecrotion  of  tlie  submaxillary  and  sublijigiial  glan<ls. 

The  am* mot  of  saliwx  secreted  vaiies  with  the  nature  of  the  food 
In  man  tlie  data  are  nut  HufHeient  tn  foini  an  estimate  i»f  any  value, 
either  of  the  relative  amount  of  snliva  serndeil  fri>ni  tiie  several  glands, 
or  of  tlie  total  amount  secreted  in  twenly-fuur  bonis.  It  is  gi'norally 
supjxjsiid  tttat  the  total  amount  exceeds  a  litre  a  day.^ 

Bernard  ^  found  that  in  the  dog,  when  saliva  was  ohttiined  re  Ilex  ly, 
the  fiul»niaxillary  gland  secretetl  about  twiee  as  nmeli  as  the  i*aroti<b  and 
aUnit  teu  times  as  murb  11s  the  suhliugnah  And  these  are  approxi- 
laatdy  the  relative  amounts  ohtalnrd  l>y  injecting  pilocaijiiue.  The 
amounts  secreted  are  roughly  in  ptopmtion  h»  thi'  rt^spcctive  weights  of 
the  gknds. 

In  herbivora  the  vobnne  of  saliva  sencted  by  the  submaxillary  and 
subungual  glands  cbjea  ni>t  e<u"res[niud  with  their  respective  weiglits. 
According  to  Colin,  the  parotid  ghiml  of  the  hors(»  set*ret<^s  Hfteeu  to 
twenty  times  tlie  volume  <tf  saliva  s^n-retcd  by  I  be  subniaxi  I  bny  ghind, 
hut  is  only  about  four  times  its  weight.  And  in  thi*  ox  tho  parotid 
secretes  four  to  live  tina^s  as  mnt  h  saliva  as  the  submaxilbiry  gland, 
though  it  is  slightly  less  in  wfight  (r  f.  Tnhle,  \k  477). 

Colin  e«timates  that  in  the  botsf  \]\v  total  quantity  of  saliva  srrreted 
hi  a  day  is  about  40  litres. 

Tlie  total  quantity  of  saliva  may  be  cstiiiiati'd  in  two  wa^s-  (I)  liy  (xim- 
paring  the  wetghtH  of  a  rertain  amount  of  fnod  bofuic  and  after  iiiustiration 
and  ^waJlowingi  the  food  after  ma«ti«'.ati^»n  being  rnllirtr-d  from  an  rr.su|>bngral 
fistula;  and  (2)  by  noting  in  ilith'reiit  fXpL^riuH-ntJi  lliu  i|it;mtity  sucri'teil  by 
each  gland  <luringa  given  jieiiod  of  fi'fnlih;^\  Coliu  fmind,  by  tlie  tirst  nu'thod, 
that  ii  liorsc  secrettMl  5000  to  tlOOO  grni??.  of  s^divjv  in  an  hour,  when  ftul  uitli 
hay,  onedialf  of  this  whi-n  fed  with  ^^va^^^  ;md  oiiutliiid  nan'v  than  i\\\s  wlifu 
fed  with  oat^i. 

DuriniK  digestion,  anording  to  Colin,  the  subinaxitlaiv  ghoul  of  oihj  nide 
secretes  25  to  30  \ia'.  <if  saliva  in  iifteen  laitiultis  ;  the  [)ari>tid  secretes  -500  to 
1000  (about)  in  fifteen  minutes,  if  ina^^tiiNitinn  takes*  placet*  on  tins  siib.'^ 

In  the  ox  be  estiiaates  that  during  three  hours^  iniisticatinn,  and  five 
hoUT^'  rimiinaticm,  alH»ut  40  litres  of  saliva  are  secreted,  and  that  ITi  litres  are 
secreted  during  the  sixteen  Imurs  nf  rest. 

Eleetrieal  exc  itatiiui  of  thf  eentral  end  of  llic  liiigual  ot  of  theglosso- 
pliaryngeal  eauses  seei-etion  from  all  lire  salivjuy  glands.     The  serretimi 

*  Some  datu  are  given  by  Taczek,  ZUckr.f,  Biol.,  Miimlieji,  1S7G,  \\\\,  xii.  S.  :^:U. 

*  '*  Lemons  dc  physiol.  eiipiT./*  18r>6,  toiae  ii>  y,  >^2, 

■  For  other  oWrvntions  on  this  pointy  ef,  Klleaberger  und  nofiaeister,  f*[K  rif,,  inpru. 
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is  less  copious  ti  liat  obtaiiic*(l  by  |tlai  iiig  artda  in  the  mouth,  and  it 
is  more  copious  on  i  il*  side  wtiiiiiilatuil  thmi  un  the  oiiponite  aiUcn 

A  special  relatic  \  lias  als<j  been  s^iitl  to  exist  i»etweeii  t)je  state  of 
the  mucous  membra  le  nf  the  wtmuaeh  and  the  Becietion  of  sjibva.  Tliojs 
it  has  been  said  the  a  yetTotiou  ul  8,iBva  is  induced  by  tlie  ioiitjict  of 
various  substances  >  ith  the  gastiic  nnicuus  unjinbriiiie.^  Tlii.s,  howuver^ 
is  not  satisfactorily  *r< wed.  Braun  -  oljserved  a  dog,  in  whieli  a  gas^lrie 
fistula  had  been  ef  iblislied,  and  a  cannula  jilared  in  Wliarii»ii'8  ihui.. 
No  secretion  of  8aiiv;i  was  anised  l>y  iiitrndiK  ing  in  in  the  Hl^JinacIi, 
flesh,  acetic  acid,  ethi>r,  iiuv  liy  irritating  the  mueuns  membmne  \sith  a 
sponge. 

Stimulation  of  tlie  central  end  of  tlie  vagus  has  rather  variable 
results  on  the  subnia:  e(  he  dog.     It  usually  e^iuses 

secretion  after  a  lontf  I  ri  — -  aeeretioit  may  cuiitinue  for 

some  time  after  the  cti  i.     Oehl  *  ulitained  secretiun 

although  the  stimulat'  or  arrest  of  res]iiration  ;  the 

secretion  occurred  fr^  s  greater  on  the  side  stimu- 

lated.    Buff,  as  a  ni  ition  when  there  was  some 

body  movement. 

Bernard  noticed  tl'  ►  he  oliUined  by  stimulating 

the  sciatic*  and  varioi  ;  it  ukiv,  indeed,  l)e  ohtaineil 

by  stimulating  any  sc  ^  ly.     This  retlex  aeereticm  is 

al3olished  by  deep  anu  ^  ii  t-eases  eoimidontly  with  the 

production  of  ana^tliemu  i,       n^  iini'ertaiii.     Aci/mdinj^  lo   Bnff* 

the  secretion  does  nut  uecnr  in  unuuicirised  niiimals,  uides&j  the  istiraulu8 
produces  also  a  reflex  Iwtdy  limvenient- 

The  gustatory  reflex  secretion  is  caused  wholly  by  impulses  passing 
down  tlie  cranial  secretory  nerves.  But  a  secretion  may,  in.  certain 
circumstances,  be  caused  by  impulses  passing  along  the  sympathetic 
nerve  ;  for  example,  when  the  central  end  of  a  sensory  nerve  is  stimu- 
lated, the  secretion,  so  far  as  is  known,  is  always  accompanied  by  a  con- 
striction of  the  blood  vessels  of  the  gland. 

In  man,  cases  sometimes  occur  in  which  there  is  a  permanent  absence 
of  secretion  from  the  large  salivary  glands,  and  from  the  glands  of  the 
mncons  nienihiane  of  the  mouth.  Such  cases  are  rarer  in  men  than  in 
women.  In  women  the  loss  of  secretory  power  usually  comes  on  after 
middle  Hfe,  and  may  l)e  the  result  of  an  emotional  shock.  For  some 
time  pilocarpine  will  still  canse  a  secretion  of  saliva  (Hadden),  but 
ev(Mitnally  it  causes  none,  though  it  still  causes  sweating.*  The 
al)sence  of  secretion  is  no  doubt  due  to  a  derangement  of  the  reflex 
ner\'ons  nuH'hanism,  so  that  imjudses  passing  up  the  afferent  nerves  no 
longer  gi\'e  ri.se  to  efferent  impulses.  Tlie  lack  of  normal  functional 
activity  probably  causes  a  gradual  atrophy  of  the  glands,  and  a  diminu- 
tion of  iiiitability  of  the  nervous  and  glandular  structures,  so  that 
evenliially  pilocarpine — or  the  anionnt  of  it  whicli  can  be  given  safely — 
no  longer  produces  a  flow  of  saliva. 

^  For  an  ju^count  of  pajtcrs  on  the  reflex  secretion  of  saliva,  cf.  liutf,  Bcitr.  z.  AncU.  u. 
Pluisiof.  (Krkhard'\,  (Hc'ssen,  1888,  Bil.  xii.  S.  3. 

-  Jlnd.,  KS70,  VA.  vii.  S.   14. 

^  Cinnpt.  rnuL  Aiyid.  d.  sc,  Paris,  ls64,  tome  ix.  p.  33G.  Secretion  on  stimulation  of 
the  rcntral  end  of  the  vagus  was  first  observed  by  Bernard,  IS')!). 

^  Cf.  also  Owsjanrukow  and  Tschiriew,  Mtlamjcs  hiol.  Acad,  imp,  d.  sc.  de  St.-Pctrrs- 
boifnj,  1872,  tome  viii.  j).  6r>l. 

^  Op.  ci(.  '•  Hutchinson,  cf.  Hadden,  Urain,  London,  1889,  vol.  xL  p.  484. 
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The  DvsrNiEic  Secretion.  , 

K%  a  certain  st-a^'e  uf  rijspiKra  tlie  saliva  JIkwh  with  coiiHulerable 
rapiflity  from  all  the  8*iljvary  glaii«ls.  The  liitie  at  whit-h  it  he^nriR  anrl 
te amount  are  ile]iejiik'i)i  iiim«ii  Uio  dep-ee  ni*  aiupf^lliesia.  In  aiia'sthoBia, 
tJie  secretion  doeH  not  usually  l>cgiu  until  the  t^tage  of  exjiiratury  uunvul- 
sions.  With  a  large  excess  of  anaesthetics,  tlie  animal  niay  lie  killed  by 
asphyxia  without  any  secretinn  occurring,  or  with  nuly  a  tritliiigaTuounL 
Wlien  a  cnjiinus  secretion  occurs  it  i.s  <hic  tn  inipulsejs  passning  ilfiwu  the 
cerebral  nerve  fibres,  hut  some  secretion  may  l>e  t>htainc<l  nftcr  sei'ti<tu 
of  these  ner\'e  fibres.  In  %\\v\\  case  there  is  alsu  contractinn  of  the 
gkmlular  arteries.  Whether  ilyspnam  is  eajiable  of  iinKlueing  a  seere- 
tinn  after  section  of  the  cerefjial  nerve  and  excision  uf  ttu-  su]»erior 
cervical  ganglion,  has  n«»t  been  sulhcicntly  investigated. 

Stimijlation  of  the  CirAMAL  Nkkvk  scpi'tA'iNG  A  Saliva  12V 

(J  LAND. 

On  some  general  features  of  the  secretion,  A  llnw  of  saliva  (an 
Ij^  obtained  from  any  nf  tin/  salivary  gliinds  hy  electrical,  nicchauic.ib  cjr 
clieiaical  stiunihitiou  of  the  cranial  seen- lory  nerves.  It  need  hardly  Ih:^ 
said  t!jat  tfie  interrn|>trd  current  is  the  most  ellcctive  h»rm  uf  stinndus. 
A  very  weak  intermiiled  current,  whi^h  cannot  he  felt  on  tfie  timgue,  is 
sufficient  Xa\  cause  a  secretion.  Within  ((  rtain  linntK  the  rate  fif  How  of 
the  saliva  increases  with  the  strength  u\  the  stiuudi,  htit  strong  currents 
rapidly  injure  tfie  nerve  at  the  jMuni  nf  slimnlalion.  Even  with 
mrHlerjite  currents  a  very  slight  shifting  r»f  the  electrodes  on  the  nerve 
liijiiially  muses  a  marked  increase  in  thi-  rat<*  ^^f  sccrctifni,  n  fact  width  it 
is  iiupirtant  to  henr  in  mind  in  <'nlleeting  hw  iinnlysis  ditVerent  samjdes 
flf  saliva,  secreted  under  ditliuent  conditions. 

The  tlowitf  saliva  with  a  moderate  strength  uf  cnrreut  is  very  r;ii/id  ; 
thus  the  suliniaxrllary  gland  m  the  ilog  mu\  secrete  in  five  minutes  an 
atuount  of  saliva  weighing  as  much  as  tlie  whule  glanil. 

The  nerve  can  be  Btimulaled  elcctrii-ally  fnr  half  un  Imur  to  an  b^ur, 
and  probably  with  pn^iMU"  jaeeautiMns  very  much  longer,  withuut  tlie 
tlow  of  ealiva  ceasing.  Pilocurpim^  in  sutressive  thises  (ef.  \\  fit:'*)  will 
cause  a  secretion  for,  so  fjir  as  we  know,  iin  intlefinite  time. 

In  protracted  electricid  stimulation  the  maxinunn  auionnt  of  sMJiva 
is  obtained  by  stiniulating  fr>r  slual  |i<Tinds,  with  slntrt.  intervals  of  rest; 
tlie  stimnhttiun  l»eiug  stupjiiid  eacli  time  ;is  the  sceretiun  beennics  slow. 
In  this  way  in  ten  to  twelve  hours  abuut  1^50  cr.  uf  siiliva  can  he 
obtained  from  the  subinaxillary  gland  nf  the  \\^^^^^  aiel  a  iialf  ti*  two- 
thirds  of  this  aniranit  from  the  pamiid.  T!ic  rate  (»f  lluw  graduully 
dirniniHites  during  the  ]>rogresH  of  the  cxjM*rinient.  \Vitli  a  given 
strength  of  current,  the  niaxinium  rate  <u'  secretion  is  produeeel  with  a 
rate  of  intermption  of  about  forty  a  sei-nnd.* 

According  to  Wedensky,  m]«id  shock-s  «uch  ns  100  tu  250  a  second,  cause  a 
change  in  the  nerve-enilingH,  so  tliut  they  iiinm  v\\\\^\}  \xy  transmit  nervous 
impulses.  His  moKt  striking  ^xpiriment  \^  the  following  : — Two  pairs  uf 
electrodes  are  placed  on  the  eliurdu  tympani,  nhtjf^ks  of  inedenUo  rate  arc 
pttffflml  through  the  lower,  and  of  rapid  ratu  through  the  ni>per;  the  sccrtLion 
*  Wodcnsky,  CompL  rend.  Aead.  d.  .if.,  Paris,  18&2. 
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soon  becomes  slo  stops  alkigetLer,  but,  on  cutting  off  tbt5  mpirl  sliocksi 

from  the  upi^er  elut..,  odee,  the  stimuli  at  thti  lower  electrodes  boeome  again 
effective,  and  i\\^  ^ecr  'tion  starti^  once  more*  The  re-sults  ure  similar  to  thci&e 
he  obtains  witli  motor  nerves  to  skeletal  muscle. 

The  real  latent  period  uf  the  gland  cell»  cfiniiut  be  nct^nrately  deter- 
mined by  any  direct  Dxeth<Kl,and  in  ccm^eijueiK-e  it  is  customary  to  Bjieiik 
of  the  intervti]  t)et\\een  the  moment  of  stimulating  the  nervLv  and  the 
moment  at  which  tlie  movciuciit  of  siiliva  ttceurs  in  the  duct,  as  the 
latent  period.  When  the  cniiiial  nerve  is  stimulated  with  a  weak 
current,  there  is  an  uljvious  interval— usually  two  ti>  ftmr  wecrjuds — 
between  the  luoment  of  ai>p!icatJon  of    ttie  stiiuulufi  and  tlie  apj>ejir- 

ance   of   salivn    in    i\v    h      -  "^    ^^ "    m   the    eaae   although  tlie 

secretion  wdn-n  it  oeei  it  Hien  stnniger  currentft  are 

used,  and  the  secretic  i  tent  jjeriod  is  mucli  dimin- 

ished.     On   the  othei  ^tion  is  smiily,  the  latent 

period  is  very  nuieh  \  i  atrengtli  of  eurrent ;   thus, 

after  a  small  ^lm^  uf  i  E  a  minute  or  even  mure* 

The  perceiita^rc  u,  ealiva  obtaineil  from  differ- 

ent  salivary  ^^lands  \  i   each,  as  we  diall   i?ee,  it 

varies   in   dilferent   t  each  it  may  lie  small  (02 

to   0*5    per   reut,).  ag  equal,  the   submaxillarv' 

saliva   has    usually  a  p  ^    of   organic    gubstauee    than 

either  the  sublin^uul  or  iii        h\  iiiva. 

There  is  a  curious  dilVcuruce  ;ie  i»erceutage  of  salta  found  in 
different  sali^sis.  In  the  dog  the  maxinuun  |>erc£niUigt7  of  ealtis  in  the 
parotid  saliva  i^  about  0138,  in  that  of  the  submaxillary  gland  about 
0*77,  and  in  iliat  of  the  sublinj^ual  gland  about  IfX^  In  the  rabbit 
the  parotid  s^diva  has  a  maxiuium  }jri n ntagi'  uf  jdmut   085.- 

After  action  of  a  strong  stimulus.— Strong  stimulation  of  the 
cranial  nerve  alters  the  gland  it  supplies  in  such  a  way,  that  the 
saliva  secreted  shortly  afterwards  has  a  higher  percentage  of  solids 
than  it  otherwise  would  have  had.^  Thus,  in  the  experiment  quoted 
on  p.  501,  the  first  weak  stimulation  of  the  chorda  tympani  caused 
secretion  of  a  saliva  containing  0*52  per  cent,  of  organic  substance, 
whilst,  after  a  strong  stimulation,  a  second  weak  one  caused  a  secre- 
tion having  a  ])ercentage  of  107  of  organic  substance. 

This,  however,  only  holds  when  successive  small  quantities  of 
saliva  are  collected ;  with  larger  quantities,  as  10  c.c.  to  12  c.c, 
no  such  after  action  is  observed  (Werther). 

Stimulation  of  the  Sympathetic  Nerve  supplying  a 
Salivary  Gland. 

Ludwig*  (in  1856)  discovered  the  secretory  power  of  the  sym- 
l^athetic;  lie  olitained  a  secretion  from  the  sulunaxillary  gland  of 
the  dog,  by  stimulating  l>oth  the  cervical  sympathetic  and  the  nerve 
filaments  on  the  gland  artery. 

^  Werther,  Arch.  /.  d.  ges.  PhysioL,  Bonn,  1886,  Bd.  xxxviii.  S.  293  ;  Langley  and 
Fletcher,  Pldl.  Trans.,  London,  1889,  vol.  clxxx.  p.  109. 

-  Heidenhain,  Arch./,  d.  gts.  Physiol.,  Bonn,  1578,  Bd.  xvii.  S.  40. 

^  Heidenhain,  op.  cU.,  1878. 

*  guotod  by  Czermak,  Sitzu7ii/sh.  d.  k.  Akad.  d.  IVis^cnsch.,  W'ien,  1857,  Bd.  xxv.  S.  3  ; 
Czennak  also  ohtaincd  secretion  on  stimulating  the  cervical  sym[>athetic. 
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ii'kharJ^  nutieeil  tlmt  the  saliva  Hecretetl  l»y  the  suhmaxillury 
te  B  y^J^  on  8ti 111 iilat lull  ijf  the  Hyiiipatiietii,  wii«  mure  viBt^id  aij<l  eoii- 
■sa^^ue^i  a  higher  percentage  of  Bolide  than  that  ohUiiiieil  hy  stiimilat- 
Xzm.^  the  chonliP-Uiignal. 

Neither  from  the  suhuiaxillarj,  tlie  Huljliugviah  n*>r  tlie  puratid 
^-"Kand  of  any  animal  does  tlie  symjiathL'tii'  prodiu'e  a  set'ietitin  wliieli 
^ ^>pr<>at.'lie8  in  amonnt  that  width  is  pitMlueed  hy  the  cranial  neive* 
K_JTnles8  the  gland  has  heen  isoi'ieling  uinl*'r  tlie  intlnence  of  the  riinnal 
«i"V'e,  before  stinmlutiMn  uf  the  syni[iathelif  ((  f.  p.  490),  tld.s  stinuda- 
^ion  causes  secj-etion  of  a  few  dro]>,s  ordy,  and  it  may  be  uiiuli  lesn. 
^^ZTjim,  in  the  dng,  stimulation  of  the  .synijtathetic  for  a  miinite  will 
^^Tdinarily  prod  nee  two  or  three  drops  frnni  the  submaxillary  glanrl,  and 
•^^erhajis  half  a  drop  from  tlie  .sublingnaL 

In   most  of  tlie  earlier  experinierds  upon  the  j^arotid  gland  r>t'  the 

^fl^,  either  no  secretion  wa.s  nhtained   by  repeatefl  stinudatinn   «if  the 

^5»jrmpathetic,  or  a  total  ainunnl  wA  exceeding  a  few  drn)i.s.      This  is, 

^-Eowever,  oidy  a  m*ire  marked  instance  of  the  slow  set  rcti<ni  wlneh  the 

ejnii]*athetic,  after  the  first  few  sLinudi,  causes  in  the  suhmaxillary  and 

ecmiblingvial  glands  of  the   same  ainnial     If   the   parotid  gland,   after 

sjmiiathetie  slimuhition,  during  wlu(  h  nn  secretion  or  a  trat  e  (nily  has 

t3«en  obtained,  be   hardened,  unci  sections  be  cut,  the  Innniia,  iluctulcs, 

and  duet  will  be  found  distended  with  set  rcti<»n. 

The  maxtmnm  total  amonnt  of  saliva  is  obtained  by  stinnilating  the 
^TmjMithetic  for  i^lnnt  i>erinds,  with  short  intervals  of  rest.  Stinmlated 
iti  this  way— say,  daring  K'sxtr\:  other  lialf-minnte — ^the  sympathetic  will 
give  from  the  snbmaxillary  gland  of  the  dog  ^Vth  to  ^^X\\  of  the 
quantity  of  Kiliva  tliat  wonltl  l»e  obtaim^d  by  similar  stimulation  of  the 
ehortla  tymjiani. 

With  protracted  Btimulation  the  secretioii  may  contiiuie  shiwly  fi>r  j^cvend 
oiinutes,  but  sooner  or  hitor  it  Btops.  Kou^lily  ^pL'jiking,  anil  Avitliin  rather 
narrow  limits,  the  amonnt  of  saliva  oljt^nticd  is  inversely  proporLiijnal  tu  thn 
duration  of  the  previous  stimulus  nntl  directly  [>rujH>rtional  W  the  length  i>f 
the  preceding  periuil  of  rcsU  After  rejtcated  .stimulation  of  the  sympathetic, 
til  ere  may  be  no  viBible  Kccretion  for  half  a  nnnute  to  a  minute  after  tho 
begiimuig  of  the  Btimulationj  and  ue€a.si(jna]ly  the  sliglit  Keeretinn  wliir-h 
occniB  only  begins  after  the  titimulation  lian  eeaseiK 

HeideDhain,  ^timnlating  for  a  quarter  nf  an  liour during  earli  half  hour, 
obtained  a  secretion  from  each  Btimiilatisjii  fur  eleven  surceK^ive  hours,  i.p,  as 
long  as  the  experiment  lasted. 

In  ditlerent  glands,  and  in  the  sann^  gland  In  difl'erent  aninmls,  the 
freedom  of  secretion  of  symiiathetic  saliva  eomparcd  with  that  produced 
by  the  eranial  nerve,  and  the  perceidage  of  organic  substiniee  in  the 
saliva,  varies  considerably,  I  have  alreatiy  jnciitioneil  that  the 
Bympathetic  causes  some  secretion  from  the  sulmiaxillary  gland,  and 
often  none  from  the  ]iarotid.  Relatively,  lather  more  sym]>ath(Uie 
secretion  is  obtained  fruni  tlie  glands  of  tlie  cat  and  nibbit  than  from 
those  of  tlie  dug.  The  sympatfietic  saliva  front  tlic  suhmaxillary  ghirid 
uf  the  dog  contains  1   to  o  per  cent,  of  01  ganic  substance,  that  finm  the 

*  A^lrianand  Erlvbarl,  BtUr.  r.  Aimi,  it,  Phfsi'of.  {Eflittird),  (3ie,>*s+"M,  18»U),  Vul.  ii.  8.  S3. 
Bernard,  Joum.  ik  VanaL  et  pkyBifd.,  ft**.,  Paris,  rsi'trt,  tuni'!  ii.  (1)  |>.  (jfi7,  sUled  tliat 
tyromthetic  saliva  was  much  mort^  viAdd  than  eliurda  uaHva.  The  ±iyni[mtlicLLc  iiccretiou 
m  tne  sheep  aud  rabbit  waa  noticed  by  v.  Wittieh,  Firthow'3  ArMi\  1866,  Bd,  xxxvii*  S.  &3. 


496 


THE  SALIVAR  Y  GLANDS. 


pa.rntid  of  a  n  3  to  G  ]>er  cent.     In    ttie  cab  the   [iL^rcenUigii   ofi 

urgaiiic  giibetaiiL*e  i  i  Byiii|iathGtie  saliva  frrnu  tlie  fiiilmia-xillary  gland  iaJ 
small  (about  0^5  j»€r  cent.),  and  le^s  than  that  iti  the  chorrla  saliva, 

Tlie  |M3reerit^ge  if  salts  in  bv  in  nail  it' tic  Ritliva  does  not  exceed  the] 
percentage  of  the  Siilt^  in  saliva  produced  by  ^stiinidating  the  ciiinial] 
nerve. 

The  analyees  of  tlio  parotid  saliva  in  the  rabbit  have  been  mmlo  bf  j 
Heidenbain.^     I  extr.ct  the  following  from  one  experiment  i— 

Parotid  Gland-^Eahhit 


1              1 

of  Otiniik* 

Saliva  frcnu  stftuulatin^  h 
synijM^tlietics   *         .                                                       t, 

Pilocftr|iiiie  saliva  froiii  n 
gland 

0-66 

0*54 
0-81 

The  sympathetie  «  T  have  said,  iiRnatly  \em  vbdd 

than  eljorda  f^aliva.     Li  m  .i  ntrong  or  j^rulonged  Btimuhition 

of  the  symimtliclic  migni  ^        *\\  Riliva  with  a  hij^her  percetiUige  of 

aolids  than  the  elj<jrdii  &ahva.     1  n[  \i\  anidysi?iof  symjiatheiic  and  eboida 

BaHva  in  the  tat,  obtained  by  niodornieiy  strong  intcrrnpted  cmrente. 


Chorda  saliva  . 
Sympathetic  saliva  . 


tiubstance. 


0-87 
0-43 


of  Salts. 


0*34 
0-28 


af  Sollde. 


1-21 
0-70 


Tlie  sympathetic  secretion  in  the  cat  is  very  much  like  the  "augmented" 
secretion  of  the  gland  of  the  dog  (cf.  infra),  in  that  it  starts  quickly, 
quickly  becomes  slow,  and  is  watery.  It  ditfers  in  the  rapidity  of  recovery 
from  the  ellect  of  immediately  preceding  sympathetic  stimulation.  The 
maximum  amount  of  secretion  is  obtained  by  stimulating  fifteen  seconds  out 
of  every  thirty,  or  even  for  shorter  periods. 

In  certain  circumstances  the  sympathetic  may  produce  a  brief  rapid 
secretion  from  any  or  all  of  the  salivary  glands.  That  is  the  case  when 
it  is  stimulated  shortly  after  stimulaticm  of  tlie  cranial  nerve.  Tliere  is 
a  rush  of  saliva,  quickly  following  the  sympathetic  stinmlaticm,  reaching 
its  maximum  in  a  few  seconds,  and,  after  alunit  seven  to  ten  seconds, 
ra})idly  declining.  A  very  biief  stimulation  of  the  cranial  nerve  is 
sufficient  to  increase  in  this  way  the  amount  of  saliva  obtained  from 
the  symjiathetic.  And  thus,  if  the  cranial  nerve  and  the  sympathetic 
nerve    be    stimulated    alternately,   a    not   inconsiderable   quantity   of 

*  Arch./,  (f.ges.  PhysioL,  Bonn,  1878,  Bd.  xvii.  S.  38. 

*  Langley,  Journ.  Physiol.^  Cambridge  and  Loudon,  1878,  vol.  i.  p.  86;  1886,  vol.  vi. 
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sympathetic  saliva  may  be  obt^iue*!.  It  is  conveniejit  to  have  some 
Mine  for  this  iniiisually  rapid  syiiipathetie  8(3ri'etion,  m\\\  I  have  called 
it  the  augmented  secrriionJ 

In  the  dog,  the  mViva  of  the  augmented  Heerelion  i.s,  in  ita  physical 
cbraf-'t^ra  and  ap|>iy'eiitly  in  its  perceiit-iige  roinpnsitinn,  intermediate 
between  s}iui^>atheiie  saliva  and  that  obtained  by  stimulating  the 
cmnial  nerve. 

Tlie  augmented  sympathetic  saliva  from  tlie  sid>maxillary  gland  of 
the  dog  is  three  to  ten  times  as  abundant  as  ordinary  ^ymiiatfietic 
saliva.  In  fifteen  seconds  abont  |  ce.  is  usnally  secreted,  but  there 
may  be  as  much  at  J  e.e.  The  aniouiil  uf  tlie  aii^^niented  Hpcietion  from 
the  imrotid  is  one-third  to  one-half  that  of  tlie  sulimaxillary  gland. 

The  augmeriting  efVeet  (if  stimulating  the  eranial  nerve  disiipiieara 
tn  time,  although  the  sympathetic  is  not  stimulated  in  the  interval 
In  the  submaxillary  gland  of  the  dog  the  greater  [>art  of  tlie  e fleet  dis- 
ipjieara  in  ten  to  fifteen  minuter.  In  the  parotid,  it  has  u.sually  vnm- 
pJetely  disa] Cleared  in  ten  minutes.  The  rate  of  disappf^aram  e  does  not 
fieeui  to  tie  aflect-ed  by  the  injet  tton  nf  atrutiine. 

Mere  vascular  ddation  dr>es  not  eause  an  angnientecl  seer*!tion,  for 
if  atropine  t>e  given  in  sufficient  quantity,  to  ]iaralyse  completely  the 
crmial  secretory  nerves,  Btinndation  of  the  ermnal  nerve,  witich  still 
giTes  largely  increased  blnud  How,  doeH  not  increase  to  any  f^ensiilerable 
eitent  the  symj>athetic  saliva  obtaineil  subsequently. 

Wlien  the  sympathetic  nerve  is  stimulatcil  two  or  three  tinges  in 
succession  for  ratlier  short  ]>erinds,  say  of  tbirty  sec^on^ln,  tlie  augmenting 
effect  of  a  preceding  cranial  nerve  stimulation  denies  nnt  necessarily  cease 
with  the  first  stimulation,  but  is  visible,  though  to  a  much  less  degree,  in 
the  second,  and  it  may  be  in  later  stimubitJons.  In  tbc  case  of  tlie  dog's 
[wrotid  the  tldrd  stimulation  usually  gives  nn  secretion  at  all 

The  following  extracts  from  the  notes  of  experiments  will  illustrate  the 
stitemente  made  above  with  reganl  to  the  augmented  sccretitju : — 

Submaxillary  Gfa 7id — -  Dofj —  .^7  in  t  u  h  f  uni  * */  i  h  f*  Stj  u  ij  >a  t  h  e  f  ir  aft v  r  m  odera  fe 
Stim  fda  t  ion  * »/'  /  li  *>  Ch  nrda  Ty  mj^a  «  L 

SilJTt  secreted  in  mm*  rlurinjr 

sncoeauTe 30 fleca. ,  35^  mm. 

=  •26  0.0.    .         .         .         ,14        li        I        1        r>'\h        20        1        20       4        2        1 
Kwire atimnlatcd  .        .        .     Sy.  fh.  Sy. 

In  the  second  sympathetic  ^itimulation  th*^  flow  of  .«;iliva  was  16  mm. 
during  the  first  fifteen  seconds,  rind  4  mm.  during'  the  sLMxnid  lifti'en  .sccunds, 

Suhmaxillarij  Olund — DogStlmidation  nf  fhe  Sym}Kdhtfif-  after  ht'iff 
Si  imuJa  f  io  n  0/  ih  e  Ch  o  n  fa  7)/  n  q  ta  n  i, 

fialin  flow   every 

»«ec«.  itiium.  0         5         1  a  IT.  1  0  0         0  14  4 

IftfT*  stimulated  Ch.  Hy,  8y. 

(for  2  to  3  flws.  > 

Longer  stimulation  of  the  clionhi  tymi>iuii  1ms  little  ctfect  upun  the 
auuimum  rate  of  How  of  the  augmented  si-cretit^n,  but  it  leads  apparently  to  a 
l««8  mpid  fall  after  the  maximum  is  attained, 

*  Joum.  Pkyniol.^  Cambridg*?  and  London,  1881>,  vol  x,  \>,  291. 
VOL,  I.— 32 
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1/ — Stimulation  of  the  Siimpathetit-  afhr  Siimutaiim 
of  Jacol>son^ti!  Neri*€. 


Saliva  flovr  tvary 

BO  ^easi*  in  mm. 

Nerve  etixaulatod 


35 
J. 


U     1     3     0     0     0     31     76  i""uintrt«.  h     <*     ^2     0     10     0 
By.        Sy.       Sy.        J,     J.  Bf^Bf,   J.  Sj- 

A  brief  rapid  iiM"t*aae  in  the  flow  of  saliva  is  r^btained  by  fttiinulating 
the  ajmpathetit.*  du  in^  tlie  action  of  pilticarpme  and  otlier  alkaloids 
which  cause  a  c<3ntiTi  lous  fn?e  flow  of  Baliva,  After  the  first  ra]H(l  rise 
the  secretion  beeoine!*  slower,  and  in  the  parotid  gland  of  the  dc»g  lilfifis 
altogether;  in  the  suhioaxillary  gland  the  seci'etion  slowly  eoniiiiues. 


Parotid  Glajid^Dog- 
Hbe  of  a&Iivi 


Effect  of  Prc 
Pkr 

During  protracted 
the  percentage  of  aoli* 
diminution  in  the  jjc 
not  always,  8orae  dinii,  ^ 

experiment  given  by  ffc 

stimulated,  and  sueeessive  j       o 


-Pilocarpine  Injeeied. 

7        3        0        0 

- ■* 

atim.  tymp, 
ON   THE   AMOtmT   AXD 

OF  Salh^a. 

Qwn  by  Becker  and  Liidwig.^ 
ihes.  They  found  a  markt*d 
ibstance;  and  generally,  but 
e  of  salts.  The  most  striking 
^mg.  The  chor<la  tympam  was 
lie  saliva  were  analysed : — 


Amount 
&r  siiiivA 

IVrcpntnce  of 
Orgatuc 

of 
Sam. 

of 

Ut  liortion      .... 
2nd     .,            .... 
3rd     „          .... 
ttli 

10-e 

13^9 

ri& 
l-2tf 
0-02 

o-ar 

0-79 

1  16         1 

0-75 

I 


The  decrease  in  the  percentage  of  salts  is  probably  connected,  as 
Heidenhain  has  pointed  out,  with  the  slower  rate  of  secretion  of  saliva 
in  the  later  portions  collected. 

Heidenhain  ^  showed  that  the  percentage  of  solids  sinks  during  pro- 
tracted secretion,  not  only  in  chorda  saliva,^  but  also  in  sympathetic 
submaxillary  saliva.  In  the  following  experiment  the  sympathetic  was 
stimulated  at  short  intervals  during  five  and  a  half  hours ;  the  first  and 
the  last  portions  of  saliva  collected  were  analysed : — 


Time  of 
Collection. 

Amount 
Collected. 

PercentsA^e 
ofSoUds. 

First  portion    . 
Last 

80  minutes 

88        „ 

0-68  grm. 
0-89     „ 

3-73 
1-49 

1  Ztschr.f.  rat.  Med.,  1851,  N.  F.,  Bd.  i.  S.  278. 

'  Stud.  d.  j)hysiol.  Inst,  zu  Breslau,  Leipzig,  1868,  S.  65. 

*  Wc  liave  to  refer  so  frequently  to  the  saliva  obtained  from  the  sabmaxillftry  gland — 
(1)  by  stimulatin«(  the  chorda  tynipani,  (2)  by  stimulating  the  sympathetic,  (3)  by 
injecting  pilocarj)ine — that  we  arc  driven  to  adopt  the  terms,  chorda  saliva,  sympathetic 
saliva,  and  pilocarpine  saliva,  for  the  saliva  obtained  respectively  in  these  circamstances. 
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Htf  *  sliowed,  fmtlier,  that  in  parotid  Baliva,  ulitained  by  atiiiiiilatiiig 
J;if<tbsi Ill's  iieiTe,  there  is  aimilarly  a  dei  rcast!  in  the  j^eirentage  of  Hfilids 
m  the  seoretion  goes  ou^  aiKi,  uu  duiibt,  it  is  a  general  rule  for  all 
salivaiT  glands. 


Relation  of  the  Ratk  of  SECRErroN  to  the  Percentage 
(Composition  of  Saliva. 

Heideidmin*  inveBtigatol  tlie  rehitirms  existing  between  tlie  rate  of 
eecretiou  ami  the  poreentage  coiojMisition  \A  saliva.  lie  sliuwed  that  an 
increase  in  the  rate  uf  Heeretiun  was  aeeonipanied  by  an  increase  in  the 
percentage  of  salts*  and  this  whether  the  gland  had  secreted  for  a  long 
time  or  for  a  short  time. 

An  example  of  this  is  given  in  tlie  following  experiment,  in  whicli  the 
diofda  tympuni  was  stimulated  mth  cnrronts  of  varying  strength,  and  a  few 
cc  of  saliva  coOeeted  in  each  case.  The  Siimples  of  saHva  iire  arranged  in  the 
table  in  the  order  uf  their  rate  of  secretion  : — 


Order  of  sample 

5 

1 

7 

3 

3 

4 

2 

9 

6 

M«aa   r»te    of    secretion 

pVDlllL  lUC.C      . 

•Ift 

'18 

'19 

'22 

1-fl 

2-0 

2 '2 

2  5 

3^2 

FioeBiitage  of  aalts  . 

*34 

■29 

■25 

■32 

*37 

■53 

•44 

'Ui 

■58 

It  will  be  noticed  that  the  percentage  of  salts  does  iiftt  (jiiito  go  hand 
in  hand  with  the  rate  of  secretinn.  ISut  it  is  almost  iuipossibhi  to  keep 
the  rate  of  setTetion  constant  during  the  time  of  tolhn  ting  a  sample  uf 
saliva^  and  ti»  this  the  divergences  may,  in  the  main,  be  atiributetl. 

A  closer  relation  between  the  mte  of  flow  jind  the  [tercentHige  of  saliva  was 
obeerved  by  Werther,-^  and  by  Langiey  and  Flettlii-r/*  Ilridenhain  fnnnd  tlk« 
percentage  of  salts  to  have  an  up[»er  limit,  with  inereasrul  rate  of  sec*  ret  inn. 
This  he  gave  as  *5  to  *6  per  cent.,  though  in  one  case  'GG  per  cent,  wan  fonnd. 
Becher  and  Ludwig  had  earlier  found  in  one  case  "78  [ter  cent.  Werther^  and 
Lmgley  and  Fletcher  found  the  maxinium  percentiif^e  to  be  '77.  From  the 
obeervations  of  the  latter,  it  a]>pears  that  the  faster  the  rate  of  secretion,  the 
leas  increase  there  is  in  the  fiercentage  of  salt^  for  a  given  increase  in  rate  of 
aectetion.     This  is  indicated  in  the  folio wiiif^  tal>le  : — 


MinoU  in  cc 

PereonUifo  of  SaUa, 

Inf^iTiue  in  PtTL"t»nliMTO 

or  SuHh,  com-trpoiifl- 

iniif  ki  an  Imna-ie  of 

U'l  r.t*  f>cr  UtinuU' 

"m  the  Rale  of  «ef;rttion. 

■400 
'500 
*760 
'900 
1-333 

•472 1 

*628 

■04 

*033 
'012 
-003 

'  Hddciiliain,  Arch,/,  tL  gcs.  rhymrtL,  I  turn,  187.S,   Ud.  xvii.  S,  23.     During'  eleven 
houri' stimulation  tlic  iH'ixcnta^e  cif  Sidiils  w.Lijk  fn>m  0*SS  per  c.n\l,  tit  0*49  j»er  LX'iit. 

^ Ihid.f  Bd.  xy'iu  p.  h     Earlier  observatious  tin  tlK'  satiie  lines  wen?  given  by  Iiun  in 

*Arrh,/.  d.  ges.  Phynol,,  Bonn,  1S?6,  Bd.  xxxdii.  i^.  293. 
^  FkU,  Trails.,  I^ndon,  1889,  p,  109. 
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The  esperimfei.  )n  the  parotid  gland  given  I>y  Heidenhain  show  a 
general  but  not  a  veij  clo^e  relation  Letween  the  nUe  of  seeretk^ri  and  the 
percentage  of  salta  in  the  saliva. 

Sodium  chloride  foniis  the  larger  jmrt  of  tlie  salts  in  Raliva.  The 
percentage  butli  of  tl  is  and  of  tsLKliuui  carbonate  \^aries  directly  with  the 
rate  of  secretion.^  1  lie  salts  insoluble  in  water,  the  chief  of  whicli  is 
calcium  carbonate,  do  not  seem  to  follow  this  rule,  or  at  any  rate  only 
partially,  for,  whilst  there  is  sometimes  an  increase  in  the  percentage 
of  insohdde  sjilts,  wiih  inereai^cd  niie  of  secretion,  this  is  by  no  means 
always  the  casc;^  they  appear  to  decrease  in  amuuiit  during  the 
progress  of  the  secretion^  as  if  in  part  they  arose  from  a  store  in  the 
gland  itself. 


The  following  exper  f 

the  percentage  of  diifer 
stimulating  the  uhorda 


'^"ill  illustnite  the  variations  ia 
was  obtained  from  a  dog  bj 


Amnimt 
ol  SftUv* 

in  0.C, 

pcrMJir 

inc.! 

1 

' 

of 

of 
NaCL 

I 

17-6 

0'!7t 

o-oi« 

0*29 

0-042 

2 

]4*2 

OS0O 

ri2 

43 

0  060 

0  30 

0-067 

3 

102 

0"21d 

012 

0'21 

0-oir. 

aig 

0  029 

4 

10-2 

P082 

(}'64 

0-42 

0  030 

0^27 

0  046 

I 


The  relation  thus  determined  between  the  percentage  of  salts  and 
the  rate  of  secretion,  holds  for  chorda  saliva  and  for  pilocarpine  saliva  * 
secreted  under  normal  conditions.  But  it  is  not  a  universal  rule.  Thus, 
sympathetic  saliva  has  a  much  higher  percentage  of  salts  than  corre- 
sponds to  its  rate  of  secretion,  if  chorda  saliva  be  taken  as  a  standard  of 
comparison.  And  the  rule  does  not  hold  for  chorda  or  pilocarpine  saliva, 
when  the  blood  flow  through  the  gland  is  much  diminished,  or  when 
the  character  of  the  blood  is  much  altered.  On  this  I  shall  say  more 
presently. 

Heidenhain  also  showed  that  in  a  fresh  gland  an  increase  in  the  rate 
of  secretion  is  accompanied  by  an  increase  in  the  percentage  of  organic 
substance  in  the  saliva.  In  the  experiment  given  below,  for  example, 
an  increase  in  the  rate  of  flow  of  the  submaxillary  saliva  of  the  dog, 
from  0'14  c.c.  to  087  c.c.  in  one  minute,  was  accompanied  by  an  increase 
from  052  to  1-54  in  the  percentage  of  organic  substance.  But  when 
a  certain  amount  of  the  stored-up  substance  of  the  gland  cells  has  been 
secreted,  an  iiici'ease  in  rate  of  secretion  no  longer  leads  to  an  increase 
in  tlie  percentage  of  organic  substance  in  the  saliva  secreted  in  a 
given  time. 

The  closeness  of  the  relation  between  percentage  of  organic  sub- 
stance and  rate  of  secretion  from  a  fresh  gland  seems  to  me  to  have 
been  much  exaggerated.  No  doubt  there  is  a  relation  of  the  kind,  but, 
in  actual  experiments,  it  is  frequently  overridden  by  other  factors. 

^  Wcrther,  o/>.  cit.  "  Langley  and  Fletcher,  op.  cit.^  supra. 
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Some  General  CiiAUACTEK^i  of  Saliva,  and  its  JMickoscopic 
Constituents. 

The  viscidity  of  saliva,  sticreted  hj  mucous  ghiiKls,  is  geneniUy  in 
proportion  to  tlie  ijercentage  of  ninein  wliirlj  it  contains.  Tfiis,  of 
course,  would  not  he  the  case,  if  the  aniuunt  <«f  fdkfilifif  Rilt  in  the 
saliva  inereaseil  in  nivu:li  larger  pniportion  tliau  the  arurmiit  of  niurin, 
for,  with  a  given  quantity  of  mucin,  the  viscidity  uf  t  he  thiid  varies  with 
the  amoimt  of  the  solvent. 

Saliva,  from  albuuiinons  or  fruni  mixed  glaiid.'s,  may  he  eitlier  watery 
or  thick,  irrespective,  witliin  certain  limits,  of  the  percentage  of  organic 
Babstance  present,  Suhliiigual  saliva  i\m\  parotid  saliva  of  the  dog, 
when  they  have  a  high  percentage  of  organic  suhsLance,  have  a  tendency 
to  turn  into  a  jelly-like  mass,  and  this  may  further  se|mrate  into  a  clot 
and  clear  lluid. 

In  very  watery  saliva,  freshly  secretetl,  w^liich  has  not  been  allowed 
to  stand  in  the  ducts,  and  which  is  examined  withi>ut  deloy.  notliing  is 
to  lie  seen  uinlcr  the  niit^roscoiie. 

When  miliva  is  alhjwed  to  statitl  a  short  time  in  the  ducts,  car- 
bonic acid  is  given  idf  from  It.  and.  in  c^in-sequence,  calcium  carhonate 
is  precipitated:  the  juecipitate  renilers  the  saliva  cloudy,  and  under 
the  microscojKi  appears  as  very  fine  particles,  f>r  groujis  of  |3articles. 
On  irrigating  such  a  specimen  witli  dilute  mineral  acid,  the  particles 
are  dissfdved.  The  ,Hiiliva  als^j  may  contain  Inu  (m  ytcs,  ami  will  certainly 
do  so  if  it  has  been  alli»wed  to  stay  long  in  the  gland  duels.  In  ordinary 
experimental  condititais,  leuci»cytcs  collect  in  th(*  conmH-tive  tissue  of 
the  glands,  and  migrate,  at  times  in  large  nuiuhers,  into  the  thicts.  The 
leucocytes  at  first  show  ajiKcljoid  movement:  later,  they  swell,  become 
vacuolated,  and  form  the  boilies  which  have  been  calle«l  salivary  cor- 
puscles. The  saliva  may  also  contain  some  cells  from  the  dncts 
which  have  been  separated  or  injured  by  insertion  of  the  cannula, 
BOde  isolated  nuclei,  either  of  iluct  cells  or  of  leucocytes,  and  occasionally 
a  few  small  fat  globules. 
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In  viscid  saliva  of  the  submaxillary  gland  of  the  dog,  spheres  or 
chimps  of  secreted  substance  are  present.  The  number  and  the 
character  of  these  vary  broadly  with  the  viscidity  of  the  freshly-secreted 
saliva,  and  are,  so  far  as  I  have  seen,  independent  of  the  way  in  which 
the  secretion  is  brought  about.  As  sympathetic  saliva  is  usually  much 
more  viscid  than  chorda  saliva,  it  usually  contains  these  constituents  in 
much  larger  number.^ 

The  s[)heres  vary  in  appearance.  In  the  more  viscid  specimens  of 
saliva  thtjy  are  pale,  have  a  very  faint  outline,  and  appear  homogeneous 
(pale  si)liere8).  As  a  rule  they  are  2  to  4  ^^  in  diameter,  but 
larger  and  smaller  ones  occur.  In  the  less  viscid  specimens  of  saliva 
some  spheres  like  these  are  also  found,  but  most  are  more  watery- 
looking  and  aie  still  paler  (very  pale  spheres) ;  they  vary  much  in  size, 
but  on  an  average  are  larger;  they  anj  ai)j)arently  the  swollen  forms  of 
the  ordinary  pale  s]>heres.  There  are  also,  especially  in  more  watery 
saliva,  8])lier(»s  which  differ  from  the  preceding  in  having  a  fairly  shar|> 
outline  (vacuolar  spheres).  In  the  more  viscid  forms  of  saliva,  clumps 
occur  as  well  as  the  pale  spheres,  and  they  are  more  numerous  the  more 
vise  it  I  the  .saliva. 

In  saliva  freshly  secreted  and  freshly  examined,  the  spheres  and 
cliini[>s  may  easily  escape  notice,  even  though  they  l>e  present  in 
liunciredH  in  the  field  of  the  microscope.  On  sUanding  they  l)ecome 
more  distinct,  and  they  liecome  obvious  at  the  periphery  of  the  drop, 
when  they  are  still  barely  visil)le  in  the  centre.  In  sufficiently  viscid 
saliva  tiie  sj)lieres  and  clumps  are  nmch  distorted  at  the  edge  of  the 
drop,  and  in  still  more  viscid  saliva  most  of  them  are  drawn  out  mUy 
elongated  masses. 

Acetic  acid,  5  ])er  cent.  u[)  to  nearly  glacial,  makes  the  spheres  and 
clumps  very  ictVactive  and  rather  oily-looking.  Glacial  acetic  acid 
causes  ihcni  to  swell  u]»  and  l)econie  pale,  and  the  clumi)S  usually 
l)(;conic  vacuolated.  Sodium  hydrate  causes  them  to  swell  up  and 
disappcai'. 

When  saliva  containing  spheres  and  clumjjs  is  allowed  to  stand, 
these  hodics  slowly  settle,  forming,  as  tliey  do  so,  masses  often  (if 
consi(lcral»l(!  si/c.  Tiie  addition  of  an  equal  volume  of  5  to  20  i)er  c(»nt. 
sodium  clilori(l(.'  allows  them  to  sink  nuicli  more  rapidly;  they  make 
a  white,  slightly  adherent,  but  not  viscid  layer  at  the  bottom  of  the 
vessel. 

On  irri<:ating  viscid  saliva  under  a  covor-slip,  the  fluid  added  mixes  but 
slowly  with  tlu'  saliva,  so  that,  instead  of  irrigating,  it  is  sometimes  better  to 
mix  a  small  drop  of  saliva  with  a  small  drop  of  the  reagent,  and  to  place  a 
C()V(M-sli])  on  the  mixture.  Water  causes  the  sjilieres  and  clumps  to  disapj^ear, 
but  up  to  a  certniu  point  they  can  again  be  mad(j  visible  ])y  acetic  acid;  1  per 
cent.  Xa(  '1  or  Na.,(  '<  L  makes  the  outlines  of  the  bodies  more  distinct ;  1  per  cent. 
osmic  acid  ('au>es  them  to  swell  \\\>  and  take  a  faint  l)rown  tint.  Methylene- 
hlu«'  di»olve(l  in  Xa..C().,,  I  per  cent,  stains  them,  l)Ut  as  a  rule  not  very  quickly. 
ri<ro(armin(',  safraiiiu,  and  otlier  reagents  stain  them  slowly.  When  sjdiva 
is  mixed  with  one  tn  two  volumes  «»f  dilute  neutral  or  alkaline  salts,  dilute  or 

'  Kckhard,  /J.^rJn'.f.  raf.  Mrd.,  ISOC.  lid.  x.wiii.  S.  liiO,  iouiid  the  sym]Kitliotic  saliva 
from  tlio  piiotid  ;,'l;iiitl  ot  the  liorsc  to  he  wliiti>li  aixl  to  contain  lino  panicles.  Soliilf, 
*'Lef;r>ii>^  MM'  la  di^'tstioii,"  ]>.  lii'o,  fouii'l  Ihi-  saim-  \vilh  ilie  lirsl  (Iroj)S  of  saliva  se«  nud 
re(l(.'xly  alter  a  )>aus»>.  The  cliaiacters  described  were  no  doul>t  due  to  a  prccij»itation  of 
calfiuiii  >alts  in  tiie  saliva  contained  within  the  ducts. 
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steoiig  acidd,  the  spheres  and  clumpK  grail tiiilly  disappear.  In  strong  aalii Lions 
of  neutral  salts  (e.g.  20  per  cent  sodium  chloride),  they  may  be  kept  for  months 
it  any  rate.  Strong  alcohol  and  raercnric  chloride  eause  tlitni  to  shrink  and 
make  them  irregularly  granular.  Fleniming^s  fluid  turns  many  of  them  into 
vacuolated  spheres,  with  sharp  outlim-  and  a  few  distinct  small  gi-anules.  Ko 
mucous  cells  are  seen  in  saliva  after  treatment  witli  any  of  these  reagentc^. 

In  tlie  fiubmaxjllary  saliva  of  the  cat,  vacuolar  ami  pale  spheres  arc  foimd, 
but  not  the  larger  clumjis. 

Microscopical  constituents  in  saliva  have  been  described  by  Eckhard^ 
Ruhne,  and  Heidenhain,  The  account  I  have  given  above  differs  in  sevend 
paints  from  theirs. 

The  most  obvious  view  to  take  nf  these  micrnscopiral  ronstituente 
of  saliva  i«,  I  think,  that  «onLe  of  the  inut^onn  graiuileH  are  turned  bodily 
out  of  the  alveolar  cells/  the  fluitl  iKiHsing  tlirr»ugh  the  cells  l>eing 
infiufhcient  ttt  dissolve  thcDi;  and  that  by  swelling  up  or  niaBBing 
tageiher  ihey  make  the  variouR  forms  of  splierei^  and  tdunips  vvhifh  are 
Been.  But  although  the  nun  ous  granules  behave  with  some  reagents 
very  mm  It  as  do  the  small  H|>lieres  of  saliva,  and  have  in  8onie  stittes 
vet}*  much  the  same  appearance,  their  behaviour  with  aeetir  aeid  is 
strikingly  ditlerent.  The  mucous  granules,  on  treatment  with  dilute 
acetic  acid,  swell  up  and  Inirst  like  bubldes;'^  the  spheres  iu  saliva,  as  w^e 
have  seen,  Ijeeome  refractive  an<!  obvious.  Although  it  is  [K>swible  that 
this  ditfei-euce  may  depeml  on  diOereneeH  in  the  surrounding  fluids,  it  is 
mtficient  tc»  prevent  more  than  a  jirovisional  acceptance  of  the  view 
that  the  spheres  of  saliva  are  simply  undissolved  inueous  granules. 

StTBSTANCES  WHICH   ARE   Oil   WHICH    MAY   BK   SECRETED   IN   SALIVA,^ 

In  saliva  obtained  from  mucous  glamls,  the  ebief  orgauir  innstitnent 
is  natuniUy  mucin.  IJtLle  is  known  willi  <  (Mtainty  of  the  varitdies  of 
mucin  which  exist  In  mucous  s^iliva,  whilst  most  <\i  the  mucin  is 
precipitated  by  acetic  acii!  as  a  stringy  lump,  there  is  not  infrequently 
a  portion  which  is  preeiintated  in  hue  particles,  these  making  the  fluid 
cloudy,  A  snmli  quantity  of  [iroteitl  is  also  present,  probably  belonging 
to  the  class  (jf  globulins. 

In  Siihva  obtainetl  from  albuminous  glands  the  prcftci^l  c<tnstituents 
are  globulin  (or  a  l>ody  allied  to  glrtbulin),  alkali  albunjinate,  and  a 
small  amount  of  serum  albmnin.'* 

In  typical  mucous  saliva,  diastatie  ferment  is  either  absent,  or 
present  in  mere  traces;  in  saliva  from  albumini»us  glands,  tlie  anaamt 
of  diastatie  ferment  is  variable  and  iuilependent  id'  the  percentage  of 
proteid,  Imt  in  the  saliva  of  any  <uie  gland  the  diastatie  action  increases 
with  tlie  ix^reentage  of  jjroteid  ]>resei]t. 

The  sftlts  are,  so  far  as  is  known^  the  same  in  mucous  and  in 
albuminous  sjiliva,  although  tlieir  percentage  amount  varies  ciuisiderably 
in  the  saliva  oldained  from  diflerent  glands.  The  bases  found  are 
»'«lium,  jKdassium,  calcium,  and  niagia-sium;  the  acids  are  hydrorhhuie 
atid,  carlKjuie  aeid,  phosjdioric  acid,  ami  suliibviric  acid.  Sodiuni 
chloride    is   by   far  the   largest   cnnstituent:    aftiT   this   eiUiies   usually 

^  Langley,  Proc.  Itot/,  Soe.  Lmuhw,  l^HC,  vol.  \\.  \k  202. 

*  Langley,  Jonrn.  rhjnM.^  Camluklgc  and  L^jnrinii,  1889,  vol  x.  p.  4SS. 

*  S«€  ulso  urticle  cm  **Conij>aHitiori  ol  Saliv;i,"'  \k  342. 
^  KiJline,  *"U'lirl«iHlh  H,  Physiol/'  ISfiH. 
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sodium  carbonai         ilcium  ciarlxmate  and  calcimn  pliosptiate  are  kepi^ 
in  solution  by  the  v  teess  of  carbonic  acid,  and  pi'ecipitateil  as  tlie  gas 
escapes. 

Saliva  yields  to  n  yacimm  about  twenty  vols,  per  eent  of  carbonie 
acid,  and  small  qur  itities  of  oxygen  and  nitrogen;^  the  carbonic  ac*idp 
however,  is  all  or  n^  aily  all  cnmldned  with  Bodimn  carlMUiat'C  to  form 
sodium  bicarbonate. 

In  the  saliva  of  iiiin,  potassium  sulphocyariate  is  noniially  present* 

The  alkalinity  uf  saliva  dei>eiids  ujwii  the  presence  of  sotlium 
carbonate.  In  man  and  in  ttie  dog  the  percentage  of  this  salt  vaiiea 
from  0-08  to  0*19  per  cent 

In  disease,*  traces  of  other  substances  have  been  found  in  the  saliva 
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ing  factor.     A  beginning  in  bocI -L-iny,  tboogli  not  from  this  i>oint  of 

view,  was  made  by  Iknuird.^  He  exi>erimented  on  the  secretion  from 
the  submaxillary  aTid  parntid  glandis  of  the  dog,  and  on  the  parotid 
glands  of  the  hor.^f.  He  fnund  tliat  j^otassinm  ioilide  was  very  i^idily 
secreted,  whilst  nfitho]-  sugar,*  fenT)€yanide  of  potassium,  nor  lactate  of 
iron  was  secreted  by  the  salivary  glands,  though  they  were  all  secreted 
by  the  kidney.  Iodide  of  iron,  on  the  other  hand,  passed  into  the  saliva. 
When  lithium  citrate  is  injected  into  the  blood,  the  spectrum  of 
lithium  can  be  detected  in  the  fii*st  drops  of  saliva  secreted.*  And 
methylcne-blue  also  passes  into  the  saliva,  but  it  does  not  appear  to  do 
so  constantly.  Sulphindigotate  of  soda,  which  is  so  readily  secreted  by 
the  liver  and  kidney,  is  not  secreted  by  the  salivary  glands  ;•  after 
injecting  large  amounts  into  the  blood,  a  small  quantity  may  be  found 
in  tlie  saliva,  Init  there  is  no  reason  to  believe  that  this  is  due  to  any 
cause  other  than  diffusion. 

Effects  of  the  Cranial  and  Sympathetic  Nerves  on  the 
Blood  Flow. 

The  fundamental  fact  that  the  cranial  nerve  contains  vaso-dilator 
fil)res  and  the  sympathetic  vaso-constrictor  fibres,  has  l)een  already 
mentioned.     If  any  salivary  gland  be  exposed,  it  will  be  seen  to  flush  on 


^  Pflii^'cr,  Arch./,  d.  grs.  Physiol,,  Bonn,  1868,  Bfl.  i.  S.  686. 

-  Ganigee,  '"  l^liysiological  Chemistry,"  vol.  ii.,  from  whom  much  of  this  paragraph 
h  taken. 

•'  "Leconsile  i>hysiol.  exporinientale,""  1856,  Bd.  ii. 

*  On  injecting  a  large  quantity  of  dextrose  into  the  blood,  I  have  found  sugar  in  the 
saliva,  and  in  quantity  which  is,  1  think,  much  too  large  to  be  accounted  for  by  aiffusion. 

^  Langley  and  Fletcher,  Phil.  Trans,,  London,  1889,  vol.  clxxx.  p.  149. 

^  Eckliard,  Bfitr.  z,  Physiol.  C.  Ludiciy,  z,  s.  70,  Gcburlst.,  Leipzig,  1887,  S.  13. 
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stimulatiDg  the  eraiikl  nerve,  and  to  become  pale  on  stimulating  the 
svmpathetic. 

Tlie  more  detailed  examination  ^  of  the  liloud  flrtw  through  the  gland 
has  lieeii  made  aluKist  exeliLsiAely  on  the  aulniiaxilhiry  gland  of  the  dog. 
The  l>hx>d  flowing  ordinarily  from  tlie  %*ein  is  dark;  *ni  stimnlating  the 
chorda  tjmpani,  the  blood  flow  increases  rapidly  for  ten  to  twenty 
seconds;,  and  tlien  slowly  decreases  to  normal ;  the  bloml  itself  l>eeomes 
arterial  in  colour.  The  degTCe  of  tlie  increase  naturally  varies,  the  flow 
may  l>e  five  times  as  fast  as  the  normal  In  fuxourahle  eases  the  vein 
pulsates,  and  when  it  is  eut  the  blood  issues  in  jets,  somewhat  a.s  fn>ni 
a  small  artery.  Bernard  gives  the  nf»rmal  blood  flow  through  the  gland 
as  about  5  c.c,  in  a  minute;  and  tliis  has  been  approxiniately  tlie  rate  of 
flow  in  my  own  experiments,  in  wldrh  ana^stlietics  were  given.  Von  Frey 
bmid — i>resmnably  in  very  large  dogs — the  rate  of  blood  How^  through 
the  gland  to  he  much  greater,  about  12  c.c,  in  a  minute.  In  v.  Frey's 
exf>eriments,  stimvilaLion  of  the  chorda  fur  ten  seconds  caused  the  rate 
of  blood  flow  to  lie  o  to  7  c.e.  in  five  seconds ;  the  eftect  rapidly  decreased 
on  repeated  stimulation;  the  flow*  was  diminislicd  by  curari. 

There  are  no  complete  observations  on  the  changes  in  the  gases  of  tho 
blood  as  it  i:>asse3  through  glands  in  rest  and  in  activ  ity,  but  sonic  data  are 
given  by  Bernard. - 

Aceording  to  Bidder,^  the  maxinml  blood  ]ireRsnre  in  the  vein, 
as  the  result  of  stimulation  of  the  idiorda  tyrnpani,  is  37  mm.  of 
mercury. 

On  stioiulating  the  sympathetic  liie  l>lood  becomes  darker,  and  flows 
more  and  more  slowly,  the  maximal  effect  being  obtained  in  twenty  to 
thirty  seconds. 

It  is  doubtful  wliether  the  sympathetiL-  com|)lcti^ly  f^tops  the  l>lnod  lliw 
in  the  normal  suhmaxilbry  gland  ;  it  does  bo  at  tiiufs  in  an  experiment,  but 
tKbi  may  lie  doe  to  clotting  occurring  when  the  blood  becomes  .slow.  In  the 
parotid  the  eflect  of  the  nerve  ai>peiir^  to  bi*  greater. 

The  latent  jieriod  of  biuli  eborda  and  symjmthetic  variety  ftom  a 
barely  perceptible  time  to  several  seconds;  it  dcptmds  ujion  the  ^strength 
of  the  stiinuluK,  the  inunber  of  previous  stimulaliuns,  ami  olhei*  con- 
ditions; bat,  generally  speaking,  the  latent  period  is  longer  with  tlie 
clKirda  than  with  the  sym]>atbetir. 

IMh  nerves  have  a  rather  long  aftcr-aetion.  The  nmximal  etlect 
reiniiins  for  ten  to  fifteen  seconds,  and  the  ttrigimil  rate  of  blooil  Ilnw 
only  recurs  a  minute  or  so  after  the  end  rtf  tlie  stimulation.  The  dura- 
tion of  the  after-aetion  dei»en<ls,  nji  to  a  rcilain  lindt,  upon  the  duration 
of  tbe  stimulus;  and  it  ajipears  to  be  greater  with  the  chorda  tynipani 
than  with  the  Bymijatlietic.  These  points,  tiowever,  tiave  not  received 
muflt  attention. 

When  both  nerves  are  stimulated  sinudtancously  with  maximal 
currents,  the  Bympathetie  gets  tbe  upi»or  liand  during  tbe  wtinndation, 

^Bernard,  Jourjt.  d^  fanaL  H  pht/nol.,  eU,,  Piiris,  ISfpS,  tome  i.  ]>p.  233,  G49  (rcpnnta 
f^m  Crnnpi.  rend,  Arad,  d.  sr,,  PariSp  f>f  Uie  same-  yttar] ;  '*hei^utiH  but  lf,H  [>rnf'ric'lts  nliysiol., 
etc,,"  18^9;  V.  Frey,  Ark  a.  d.  phifswL  Ainst.  zn  lyfp.uf,  1^77,  liJ.  xi.  8.  .sy  ;  LaiigltJ), 
*^t^ni.  Fhygii}!.^  Cambri'lge  ami  LnjiiJon,  1889,  voL  x.  p.  ;Jlt>. 

'CI  **La  clialvur  anininlc,*'  1876,  p.  179. 

^AT<k,f.  AfuU.  u.  Phijai^,,  beipsfig,  1866,  S.  339. 
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and  anaemia  of  iand  is  prnduced  as  if  the  sjmpatlielic  aloim  wlto 

being  stimulatea.  'on  Frey,  u^ing  l>rief  stiuiuli— iiBtiiilly  kisting  alxiut 
ten  seconds — obscTx  [;d  tliat  tlie  after-action  was  tliat  of  the  chonia 
tympani,  and  in  s<ai]  ^  caeejs  the  iuci'ease  of  IjIocmI  flow  after  the  stimula* 
tion  appeared  to  lit  as  gi-eat  as  if  the  chorda  alone  had  Injen  stimu- 
lated. 

When,  however^  the  sy!ui>athetic  m  atimulatetl  with  weak  currents, 
and  the  chorda  tji  pani  with  strong  cunents,  there  is,  within  certaiii 
limits,  an  algebraic!.,  bunmmtifni  of  effects.  And  the  eouetrictioii  pro- 
duced by  a  weak  ;stiiiudation  of  the  syoumthetic  may  be  more  or  less 
annulled  by  a  stnuig  stiuiulation  of  the  uhoida. 


Mutual  Effects 

We  have  alread 
secretion  (p.  496),  tj 
brief  stimulation  «if  ti 

When  the  chMitla 
are  stimulated  siiuiil 
duration,  the  amoimt 
obtained  from  eitliur  i 
be  seen ;  at  any  rate,  i 


0 


\  Sympathetic  Nehv^ 


le  head   of  the  augmented 
tthetic  saliva  of  a  prerioua 

npathetic  neiTe  in  the  cat 
|1  currents  of  not  U>q  long 
greater  than  that  which  is 
log  the  same  efiect  may  aliio 
a  state  to  allow  the  sympathetic 


to  produce  an  augmented  soL'i\;Li« 

As  the  currents  arc  iucrea.sed  in  strength,  tlic  aiuoniit  of  the  saliva 
obtained  by  simuliai icons  Rtimalation  Ijecoiaes  rajiiilly  less  and  less  in 
excess  of  that  obtained  hy  stimulating  tlic  chcuila  alone.  And  with  a 
very  moderate  strcngtii  of  HVin] pathetic  stimulation,  the  amount  of  saliva 
obtained  by  simulUuicuu^  stinndatiou  fidls  Wluw,  and  it  may  1k!  very 
considerably  below,  lliai  wlucli  h  ollijnlcd  by  .siiiiiulatiuu  of  Lhc  lLlI' 1^ 
by  itself.  The  secretion  is  rapid  for  five  or  ten  seconds,  and  then 
speedily  l)ccoiiics  slow.  The  retarding  effect  of  the  sympathetic  we  may 
reasonably  attriljute  to  the  diminution  in  tlie  blood  supply  to  the 
gland  wliicli  it  l)rings  about. 

In  tlie  parotiil  gland  of  the  cat  similar  effects  are  seen  on  excitation 
of  the  sympathetic  and  of  Jacobson's  nerve.  The  sympathetic  nerve  in 
the  dog  has  a  very  nuirked  retarding  action  upon  the  flow  of  saliva  pro- 
duced by  Jaco]>son's  nerve  from  the  parotid  gland,  and  it  may  stop  the 
How  altogether  (cf.  also  p.  498). 

Prolonged  stimulation  of  the  sympathetic  reduces  the  irritability  of 
the  gland,  ^o  that,  on  subsequent  stimulation  of  the  chorda  tympani,  the 
saliva  only  ai)i)cars  after  a  long  latent  period,  and  but  gradually  acquires 
its  normal  rate  of  How. 

Czermak  -  was  the  first  to  call  attention  to  the  retarding  action  of  the 
sympathetic  upon  the  chorda  secretion.  He  stated  that  in  the  dog,  the 
sympathetic  stoj)ped  the  chorda  secretion,  and  produced  a  condition  of  the 
gland  of  sucli  nature  that  it  did  not  for  some  time  respond  to  stimulation  of 
the  chorda  tymj)ani.  He  referred  the  action  to  inhibitory  fibres,  which  he 
believed   to  be    present   in  the  sympathetic.     Eckhard^  considered  that  the 

'  Laiif{;ley,  Jouni.  Physud.,  Cambridge  and  London,  1878,  vol.  i.  p.  102. 
-  SU'.nniish.  (/.  I:  Akad.  d.   IVisseuacKy  Wicn,  1857,  Bd.  xxv.  S.  3. 
'^  Bcitr.  z.  Aunt.  n.  Pht/siol.  {Jickhard),  Giessen,  1860,  Bd.  ii.  S.  95. 
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reUrdlng  effect  of  the  t;ym pathetic   was  Jue   tii   the  j^ecretioii  pnxluced  by  it 
being   very   thick   and    viscid,  and    in   consc«iiienee    blocking   iip  tlie  duct^. 

Heldenhain  ^  attributed  th«  action  of  the  symputhetic  to  the  luck  of  oxygen 

caused  by  the  dkninished  hlood  supply. 

The  effects  on  the  percentage  compoaitiun  of  chorda  yaliva,  caused  by 
first  obtaining  a  ixmsidcnible  quantity  at"  HViopatheiie  fj<iliva,  and  vkc 
fitr$A,  were  iiote<i  by  Heidciifiaiii.-  He  fonml  that  ]>rutraeted  stimulation 
of  either  nerve  diminishes  the  percentage  t4  organic  sul^stance  in  the 
secretion  subseipientiy  obtained  by  stimulating  the  otlier  nerve. 

(a)  Thus  stimulation  of  sympathetic  for  two  hours — 065  grni,  of  saliva 
wcreted,  containing  5*9  jicr  cent,  solids. 

The  chorda  tympani  was  thf n  stinuilatcd  for  two  hours. 

Stimuktion  of  syitiiiathetic  for  alujnt  one  and  a  (piarter  liours — 0'54  grnL 
laliTa,  containing  2  4  per  cent,  of  i^olids, 

(/))  Sthnulation  of  tlic  iiymi*athctic  for  six  hours  reduced  the  percentage  of 
tlie  chorda  saliva  from  2 '4  t^o  I'D. 

Since  the  organic  substance  in  the  siliva  iiuiu^s  in  the  main  at  any 
rate-entirely,  so  far  as  we  know — from  the  substance  stored  up  in  the 
gknd-eelli*,  the  facta  given  by  Jleidenhain  £>ho\v  tliat  the  secretion 
obtained  from  the  two  nerves  arises  in  part  at  least  from  the  siime  gland- 
cella 

On  microscopic  examination  of  the  .snbniaxillary  gland  of  the  ilog, 
liter  several  hoursi'  excitation,  either  of  the  cln>ola  tyiapani  nr  of  the 
fjTnpithetie,  the  alveoli  are  found  to  he  <  han^^'cd  U\  a  very  uncrpial  d^^Tviv  » 
few  having  still  the  ordinary  resting  characlcrs.  This  renders  it  jtruhahlc  tluit 
the  secreting  fibres  are  not  equally  distributed  to  all  the  alvenli. 

Since  the  symjjatbetie  saliva  cmitaiiis  a  higher  jmuh  entage  of  mgnnic 
mlieliince  than  clmrda  salivii,  we  sluMild  expect  that  sinmltaneoiis  stimu- 
lation of  the  sympathetic  and  (4"  the  chimla  tyiapani  wniihl  give  a  saliva 
ontaining  a  less  {crcentage  of  organic  siilistance  lluui  sympathetic 
^thva.   and  a  greater  percentage  than  clmjila  saliva;  and   this  is  the 


liiae. 


Heidenhaiu  has  shown  thai  the  chorda  saliva  whicli  is  obtained 
shortly  after  sLimuIating  tfie  syniimlhetie  has  a  higher  percentage  of 
organic,  substance  than  that  tibtaincil  l>efure  snch  stiniulation.  The 
sahva,  however,  soon  becumes  normal,  usiuilly  after  2  li>  ->  c.c.  have 
iieen  secreteth  The  aftcr-etllM  t  (>f  sympathetii^  slimulalion  is  eom- 
|»arable  to  the  after-aetion  caused  by  strong  slijnulation  of  the  chorda 
tymfwmi,  of  which  we  liave  already  spukcn  (p.  5U;j). 

We  have  dealt  ehielly  with  the  subnia\illary  gland,  bat  the  niiUnal 
rektions  of  the  cranial  autl  sym]Kithetic  nerves  are  essrutially  I  he  same 
in  other  s^ibvary  glands,  iuc  biding  the  jtarotiil  ui  the  dog,  in  which  the 
Bym[4itlietic  nerve  by  itself  comjuonly  *^ives  uu  llt>w  of  saliva. 

The  following  rej^nlts,  taken  hum  experiments  l^y  Ilcidcrdiain,  will  serve 
^  illustrate  some  i>oirits  regarding  the  sahva  seiTctcd  by  the  [mrotiil  gland 
^ben  both  the  sympatlietic  and  Jueobson's  nerve  are  i^timulated. 

^  HfiToanu's  *'  IltiuJliueb,"  BiJ,  v.  S.  UJ. 

^  Stud,  d.  phyMoL  huL  at  Untflav,  Lciiizig,  18G?*,  S,  7L 
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Experiment  1. — The  Parotid  Gland  of  the  Dog.^ 


Saliva  obtained  by  Stinmlating— 

Duration  of 
Stimuli. 

Amount  of  Saliva 
collected. 

Percentage  of 

Organic 

Substance. 

Peroentace  of 
SaltoT 

Jacobsoii's  nerve 

Jacobson's   nerve  and  tlie 
sympathetic 

18  min. 
30  miu. 

3*11  grms. 
3*63  grms. 

0-76 
1-41 

0-26 
0-32 

Experiment  2. — The  Parotid  Gland  of  the  Rabbit,^ 

In  this  experiment  pilocarpine  was  injected,  and  a  sample  of  the  saliva 
collected.  The  cervical  sympathetic  was  then  stimulated  ;  during  the  stimula- 
tion the  secretion  became  slower  until  it  stopped  ;  on  its  cessation  the  stimula- 
tion was  also  stopped.  After  a  short  time  the  flow  began  again  ;  when  about 
three  drops  had  been  secreted  the  sympathetic  was  again  stimulated,  and  so 
on,  till  a  second  sample  of  saliva  was  collected. 


1 

Saliva  obtained  from 

1 

RateofSecre-    1    *'^Sru"a^^' °' 
tion,K.r  Minute.         s^Kioe. 

Percentage  of 
Saltii. 

Pilocari)ino     . 

,  Pilocarpine   and   sympa- 
thetic stimulation 

1 

0-22  C.C.       1          0-39 
0-062  c.c.     1          3-62 

0-85 
0-75 

Effect  of  Vaimatioxs  ix  the  Amouxt  axd  Quality  of  the  Blood 

SUl'I'LIKL)     TO     A     GlAXI),    VVOS    THE    AMuUXT    AXD     PERCENTAGE 

Compositiox  of  the  Saliva  Secreted. 

Jn  Older  to  form  ;i  .satisfactory  theory  of  the  action  of  secretory 
nerves,  it  is  of  the  greatest  importance  to  know  how  far  variations  in 
the  amount  and  character  of  the  Idood  tlowinir  through  the  gland  atleot 
the  amount  and  character  of  the  saliva.  Our  information  on  this  point 
is  unfoitunatcly  still  vague  in  many  i'esj)ects. 

(VMlain  hioad  facts  can  l)e  readily  ol)served  hy  comi>ressing  the 
carotid  artery  on  one  side,  after  tying  the  carotid  artery  on  tlie  other 
side,  and  the  suhclavian  arteries  on  both.  The  glaml-veins  are  cut,  so 
that  th(*  amount  of  Idood  llowing  through  the  gland  can  be  roughly 
determined:  and  the  chorda  tym})ani  is  stimulated  during  different 
degiH^es  of  r(im]>ression  (►f  the  carotid. 

When  the  eaiotid  is  conijiressed  to  a  m<»deiate  extent,  the  chorda  on 
stimulati«)n  will  imi  cause  so  much  increase  in  the  l)loo(l  How  through 
th(*  gl.ind  as  it  ol  herwise  would,  Itut  it  will  nevertheless  cause  a  con- 
sidei'abje  in<re;isr,  and  the  ])1(m)(1  will  issue  fi'om  the  vein  of  an  arterial 
colnui'.      1 


n  sucli   c.ise,  acrordiu'^^  tn    Ileidenhain;^  th(^  amount  of  saliva 


obtaine«l  bv 


;i  Ln\on  stnnulus  wil 


1m'  of  normal  amount. 


^  IIri<lri,l,ai)i,  Arch.f.  <h  cjr^.  Vhijsh>l.,  Im>iiii,  lS7i^.  T.d.  xvii.  S.  31. 

-  Hfi'lonhaiii,  op.  rit..  S.   io. 

•'  llt'iJciiliain  {Stud.  d.  plnislnJ.  Jusf.  :?/  JJnshiu,  L.'ip/i^'.  S.  9S)  aijpears  to  refer  to  an 
iiuTcaso  (•fl.lood  tl<.\v  al»ov<'  tliat  occuriiiig  with  iiartially  i-omprcsscd  carotid,  and  not  to  an 
increase  above  llic  normal  lil.ind  flow 
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At  a  certain  furtliei*  slaj^e  of  romprosHiLHi  uf  tlie  carotiil,  iitimiilation 
0/  tlie  chorda  will  still  taiise  an  iiic rcasu  of  lilrtotl  lluw  from  thu  gland, 
but  tlie  blD(xl  issuing  from  it,  instead  uf  being  of  an  arteriiil  eolour,  wUl 
be  of  a  venous  eoluur.  In  this  cjise  Heideiilmin  finds  that  the  amount 
of  saliva  obtained  by  a  given  stimulus  will  ht?  less  than  noruial. 

Wlieii  tlie  artery  is  so  far  compresseil  that  little  bloud  flows  thiough 

the  gland,  and  the  chorda  causes  no  increase  in   it^  there  is  naturally  a 

great  decrease  u\  the  amouut  of  saliva  Jibtained  by  a  given  stimulus. 

If  the  stimidus  last  aliout  a  minute  only,  the  decrease  is  iu  fact  nearly 

as  great  as  if  the  bhxid  supply  be  entirely  cut  off.     On  allowing  the 

bltpod  to  flow  again   through   the  gland,  tlie   chorda  saliva  does  not  at 

once  attain  its  normal  amouut-     Brief  closure  of  llie  artery  causes  more 

or  leas  protracted  diminution  in  tlie  ef^icieney  of  tlie  chorda ;  it  may  be 

noted  that  the  vaso-ddator  ttl'ect  of  the  chorda  recovers  more  quickly 

ihan  its  secretory  effect. 

The  following  example,  taken  from  neidenhain,^  may  be  given  to  illustrate 
fwme  of  the  jxiints  mentioncul  above  : — Dog,  arteries  to  head  tieil,  exnopt  left 
carotid-  Wharton^a  duet  coimected  with  a  tube*  graduated  in  nnlHmetres. 
Gland-vein  opened.  The  chorda  tynipani  wan  stimulated  fnr  one  minute,  and 
the  rise  in  millimetres  of  the  saliva  in  the  tnl>e  was  urjted  each  five  seconds. 

Mim  Jfoic. -i},  20,  70,  50,  55,  45,  36,  'M\  27,  29,  30,  28  =  410. 

The  artery  wa.^  then  clamped  for  fivf-  lainutos  ;  thu  in;^'  the  last  mimite  the 
<^lwrda  was  stimulated,  the  blood  flow  from  the  vein  wass  verv  slight. 

Salimjtow^^O,  0,  21,  32,  33,  17,  14,  8,  6,  7,  2,  2-142.' 

The  carotid  was  left  uin'Iamped  for  eight  minutes,  then  ciainped  for  one 
oiinite,  during  which  the  chorda  was  stimulated. 

Salimflmc—Q,  0,  0,  2,  4,  6,  5,  5,  5,  4,  5,  4  =  40. 

The  carotid  was  undamped,  but  the  stimuli  is  kept  up  for  two  minutes. 
Tlie  blood  flow  from  the  vein  was  moderately  iiiereaseth  The  saliva  rose 
S9aad  51  mm. 

The  carotid  remaining  unclamped,  the  cln^rda  was  stimulated  during  the 
third  minute.     It  caused  a  rise  of  saliva  of  203  mm. 

The  effect  of  diminished  l>Inn(l  supjily  tipon  the  percentage  composition 
of  saliva  has  not  been  very  fully  investigated,  liut  Eckhard-  states  that 
ligature  of  the  veins  of  the  submaxillary  gland  does  not  cause  chorda 
saliva  to  alter  its  character  and  bcconic  like  sympatlictic  saliva.  And, 
according  to  Heidenhaiu,^  ditninution  of  the  bloud  supply  by  conipre8.sion 
of  the  carotid  does  not  cause  an  appieciable  increase  in  tlie  percentage  of 
soliils  in  saliva. 

Heideiihain's  experiments  undi>uliledly  show  that,  in  certain  cireiim- 
stanceB,  a  diminution  of  the  blood  su]tply  to  the  gland  has  no  considerable 
influence  upju  the  percentage  of  organic  substance  in  the  saliva,  cjbtained 
by  stimulating  the  cranial  nerve.  But  this  dnus  not  gecm  to  nic  to  hold 
in  all  circumstances^  ffjr,  in  some  observations  on  tlie  subiuaxinary 
gland  of  the  dog,  made  by  Fletcher  and  niyst^UV  bh^eding  tin*  aniTnal, 
whilst  decreasing  the  rate  of  the  scercti(ni  of  saliva  produced  l»y 
pilocarpine,  largely  increased  the  [percentage  ui  orgainc  substance  iu  the 
saliva, 

*  Si  ltd.  d.  phyai&i.  IksL  zv  Ur^^iau,  Leipzig,  S.  G3» 

*  Britn  z,  Altai,  n.  Phji^ioi.  [Eckhard],  Uies^sen,  1860,  li.l,  iL  8.  21*2. 

*  ^Trft./  d.  (jes.  PkysioL,  ISomi,  l.«7S.  \h\.  xvii.  S.  33.  43. 

*  FhiL  Tram.,  London,  ISSH,  vol  clxxx.  p.  i:n. 
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There  are  nb  crimen ts  which  show  defiJTiitelj  what  is  llie  efft*ct  on 
the  percentage  c<  Mtioii  of  saliva  of  a  tleci^as^  of  hload  supply  due 
to  simple  const  nn  of  the  vessels.  Wli(?n  tiie  cranial  nerve  k 
stimulated  durin^-  iiipression  of  the  carotid  artery,  the  l>lQod  flowmg 
through  the  ghm  »ws  through  dilated  vessels.  When  the  dtminiitioo 
in  blood  suppl^^  jq  brought  about  by  stimulating  a  viiso-coDstrict^^r 
nerve,  the  blo«jd  fl  ►viug  throogli  the  glund  Hf^ws  through  constricted 
vessels.  It  is  pru  able  that,  in  the  former  case,  fluid  pagses  more 
readily  through  tli.  vessel  walls;  hence,  witli  the  same  amount  of 
organic  substance  stcreted  in  the  two  cases,  one  saliva  might  have  a 
low  and  the  otlitu^  a  nigh  percentage  of  oi-ganic  substance. 

Changes  in  the  amount  and  character  of  the  saliva  ^  may,  however^ 
be  produced  by  viirkitifjns  in  the  character  of  the  blood.  The  injecticm 
of  a  considerable  quant  ity  of  ililute  salt  solution,  such  as  0"2  per  cent^  leads 
to  a  considerable  increase  in  the  rate  uf  secretion  of  saliva,  whether  this 
is  set  up  by  stimulating  the  chonla  tymjiani  or  by  injecting  small 
quantities  of  pilocarpine.  Up  to  a  certain  ]K>int  the  jiercentage  of 
salts  increases  in  the  normal  manner;  beyonfl  tliis  the  percentage  C4eaBea 
to  increase  and  may  fall.  An  increase  in  rate  may  also  be  pixidut^d  hj  in- 
jecting into  the  l)lood  100  c.c,  to  250  c,c.  of  stRJUger  solo tioti  (as  2  p*?r  cent.) 
of  sodium  chloride  or  srHlium  carbonate.  Prifbaljly  tliis  amount  leads  to 
the  passage  of  \vatc?r  from  the  tiBsoeB,  and  so  iocreasies  the  volume  of  the 
blood.  The  injection  may  cause  an  increase  in  the  percentage  of  salta 
Injection  of  strrnjg  siilt  solution  into  the  blood,  in  (juantity  sufficient  to 
increase  the  peicentage  of  sodium  chloride  in  the  serinii,  was  foun<l  by 
Novi^  to  increase  tlie  percentage  of  the  salt  in  submaxillary  saliva; 
though  never  up  to  that  in  the  serum.  When  a  certain  amoimt  of  t^trong 
salt  solution  (:J0  per  cent)  is  injected,  the  dnnd  becomes  a?dematrin&. 
and  neither  plauuig  auids  un  the  lungut;  ^I^iuvi^,  uor  Btiuiuiaifing  tne 
chorda  tympani,  nor  injecting  pilocarpine  (Langley  and  Fletcher),  will 
cause  a  secretion. 

Relation  of  Secretion  to  the  Flow  of  Lymph. 

We  know  very  little  with  regard  to  the  flow  of  lymph  from  the 
glands  in  various  conditions.  The  lymph  vessels  leave  the  submaxillary 
gland  at  the  liilus.  If  the  lymph  could  be  collected  and  analysed,  it 
would  give  information  very  mucli  needed  with  regard  to  the  secretory 
activity.  Heidenhain,^  who  has  paid  some  attention  to  the  subject, 
appears  only  to  liave  noticed  whether  oedema  of  the  gland  was  produced 
or  not,  but  it  is  manifest  that  if  the  lymph  vessels  were  large  there 
might  be  very  great  increase  in  the  lymph  flow  without  oedema. 

Heidenlmin  *  considers  tliat  there  is  no  increase  in  lymph  flow  from 
the  gland  during  stimulation  of  the  chorda,  either  l>efore  or  after  gi\'ing 
atropine.  Supposing,  then,  that  atropine  does  not  act  on  the  vessel  wall, 
so  as  to  liinder  the  passage  of  fluid  through  it,  it  would  follow  that  fluid 
l)asses  from  the  vessels  in  increasing  amount,  as  an  increasing  amount 
of  saliva  is  secreted  ))y  the  gland.  In  other  words,  it  would  follow  that 
there  is  in  rest  a  certain  slight  constant  formation  of  lymph,  and  that, 

*  Cf.  Langley  and  Fletcher,  op.  cit. 

2  Arrh.f.  Anat.  u.  Physiol.,  Leipzig,  1888,  Physiol.  Abth.,  S.  403. 

''  Arch./.  (L  ges.  Physiol.,  Bonn,  1874,  Rd.  ix.  S.  346. 

4  Hermann's  "HandWh,"  1880,  Bd.  i.  Th.  1,  S.  73. 
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when  the  gland  secretes,  an  additional  aiiiuiint  is  fonncd  exactly  equal 
to  tliat  t>f  the  fluid  in  the  saliva  secreted, — a  conclusion  wldeli  it  is  not 
ea«T  to  accept. 

In   two  conditions  {fdema  of  the  p:!and  is  obtained :    First,  when 

dilute  acid  (05  per  < ent.  HOI)  ur  an  alkaline  salt  (5  per  cent.  Na.jC03) 

is  injected  into  the  gland  dact>     In  this  tii.se,  (rdeiiia  is  f^lowly  ^iro- 

tlTiced;  rapidly,  however,  if  the  chorda  tynipaid  l»e  stinudated,  tliough 

no  secretion  follows,     Theie  can  lie  little  hesitatiiin  in  attributing  this 

to  the  injury  intlicted  on  the  wallw  of  the  small  vessels;  for  damage  of 

tlie  vessels^  as  we  know,  largely  increases  the  amount  of  the  lyiu]jh 

formed  in  any  given  condition.     Secdndly.  wheu  there  is  a  considerable 

Twrifltance  to  the  flow  of  saliva  from  the  <luct.     On  continued  stimulation 

of  the  chortia  in  such  cases,  the  loladcs  l*ecome  separated  hy  a  mucous 

fluid,  and  there  is  great  tedenia.     At  first  this  ttuid  consists  siuitdy  of 

filtered  saliva;  later,  prolialdy,  lyiii]ih  is  added,  jnirtly  in  consequence  of 

&  direct  injur}' to  the  vessels,  and  ]>artly,  as  suggestetl  by  Heidenluiin,  in 

conaeqnenee  of  pressure  on  the  ^  ein. 

The  Securtouy  Fressl  kk. 

Ludwig^  was  the  first  to  shfiw,  by  experiment  on  the  sulujiaxillary 
gland  of  the  dog,  that  the  secretory  ju'essure  may  overi>ass  considerably 
the  blo^Kl  pressure.  Thus  in  one  case  be  oljtaincd  a  pressure  of  190  nmj. 
of  mercury  from  the  siiliva  (aiised  to  How  by  stimulating  the  cliordo- 
lingaal  nerve,  although  the  blofKl  pressure  in  the  (vimtii!  artery  was  only 
112  mm,  of  mercury.  Since  that  tiiin'  nmsidcraidy  biglu-r  i>ressures 
bve  l>een  obtained  from  chorda  saliva ;  the  maximum  pressure  iibsc?rv- 
ahle  in  any  one  species  is,  broadly  speaking,  the  greater,  the  larger  the 
iadividnaL 

On  connecting  'Wniarbjrrs  duet  witli  a  mercurial  nianonieier,  and 
stimulating  the  chorda  tympain,  the  pressure  rises  at  first  ra]ndly.  then 
more  and  more  slowly  ;  wlien  the  maximuni  pressure  is  attained,  a 
cessation  of  the  stimulus  is  followed  liy  a  fall  of  pressure,  due  to  flltra- 
tion  taking  place  l>etween  the  cells  of  the  duets  and  of  tlie  alverdi. 
When  the  observation  is  at  all  frequently  repeated,  the  lobides  of  tlie 
gland  become  sei>arated  by  mucous  tbiid,  the  pressure  attainc«l  becomes 
leas,  and  the  irritaliility  of  the  gland  gicatly  dot  ipases. 

In  the  parotid  glaml  of  the  dog,  the  ubscrved  sccretiay  pressure  is 
less  than  in  the  submaxillary  gland,  nsunlly  licing  100  to  1">0  nnn,  of 
mercury,  but  tlie  difference  is  ])robably  due  to  the  limjudity  of  the 
jiarotid  saliva,  which  allows  a  more  rapid  filfration. 

The  pressure  of  the  sympathetic  serrc^tion  may  also  exceed  tliat 
of  arterial  blood.  In  ex]icriinenting  with  a  niercuiial  mantaiu^ter,  the 
preBBure  should  fie  raised  artificially  to  ithnut  iriU  mm.  nf  mercury 
during  the  first  stimulation  i>f  the  Hyni]>atiietic.  the  connectiiMi  of  the 
manomet'er  with  Whart<m*s  duct  ckni]>cd  fi>r  ahnut  tiiirty  seconds, 
and  then  undamped  and  the  synipatlietic*  again  stimulated.  Heiden- 
hain.^  in  an  experiment  on  the  siil>niaxill!try  gland  of  a  dog,  fouml 
tliat  the  sympathetic  saliva  was  secreted  at  a  pressure  of  150  to  IGO 
uuu.,  whilst  the  pressure  of  the  cfiorda  saliva  was  2'iO  to  270  mm. 

'  Oiainizzi,  B^^r.  d.  k\  siirhx,  Oestllisch,  d*  IFi'tsmiifh,,  1865. 
^ZtMehr.f.  rnt.  Med.,  1851,  K,  F.,  Bd.  i.  R  27L 
*  Stud.  d.  phijswt.  /list.  Ill  Jirrshtu,  LeipJ^ig,  aS.  Oil. 
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It  may,  however,  be  doubted  whether  there  is  such  a  difference  in  tk 
maximum  pressure.     In  the  observations  I  have  made  on   the  poini,! 
Btinmlatiiig  alternately  the  chorda  tympani  and  the  sympathetic,  theJ 
sympathetic  has  given  a  perceptible  though  slight  and   brief  rbe  rfj 
pressure  at  iipproximately  the  maximiun  pressui-e  obtainable  f rom  l" 
chorda  tympani. 

Reflex  Inhibition  of  the  Salivahy  Sfcretion. 

During  the  progress  of  seeretioii,  a  certain  decrease  iii  the  rate  ( 
flow,  or  even  a  cessation,  may  be  caused  Ijy  stimulation  of  affereii|| 
nerves.  Such  an  effect  might  l>e  due — to  select  the  most  protialik 
causes — either  to  an  inhilution  of  the  central  secretory  centre,  or  to| 
constriction  of  the  blood  vessels  of  the  glan*!  The  ex|>eriment^  biTi 
not,  however,  been  directed  to  an  accui'ate  detenninatiou  of  the  meihoi 
of  production  of  reflex  inhibition. 

Pawlow^  states  that  t!u3  slow  secretion  induced  by  i)artial  dyspnce^l 
or  by  curari,  is  decreased  or  temporarily  stop[>eti  l>y  stimulation  of  ttel 
sciatic  for  one  or  two  minutes  with  a  particular  strength  f»f  current,  orl 
by  ex|>oBiire  of  the  abdominal  viscera.  The  experiments  given  c^] 
hardly  be  considered  io  be  conclusive,  and  Buff^  finds  that,  quite  ai»«iit| 
from  sthuulation,  the  secretion  orcuiTing  in  the  conditions  of  Pawlow'ij 
experiments  is  not  itself  constant  in  rate. 


Action  of  Alkaloids  upon  the  Salivahy  Glands. 

There  are  oliviously  a  number  of  ways  in  which  a  substance  intro-j 
duced  into  the  blood  might  cause  a  secretion  of  saliva.  It 
stimulate  the  peripheral  endings  of  sensory  nerves  and  produce  a  refl 
secreiiun ;  it  might  stimulate  some  part  of  the  central  Mer\\ins  syst 
the  connections  of  the  visceral  nerve-fibres  with  llie  Iwal  ner^'e-eelli 
the  ner^^e-cells  directly,  the  nerve-endings  in  the  gland,  or  finally  lli< 
gland-cells  directly.  Of  several  of  these  mode^  of  action  we  have 
certain  example.  We  shall  confine  our  attention  to  those  alkaloi*! 
the  etTects  of  which  have  most  seiTed  as  a  basis  of  physirdogif^ 
deduction.^ 

Atropine.  —Atropine  arrests  the  normal  secretion  from  the 
of  the  mouth,  nose,  and  pharnyx,  so  that  the  whole  mucous  membranrt 
becomes  dry.     The  arrest  is  due  to  a  paralysis  of  the  cranial  secretcr; 
nerves,  the  strongest  stimulation  of  them  no  longer  causing  a  secretion.^ 
In  the  dog,  10  to  15  mgrms.  of  atropine,  when  injected  into  a  vein, 
duce  the  [laralysis;  in  ilie  cat,  3  to  5  mgrnis.  aie  sufficient.    Considerably 
smaller  doses  than  these  reduce  Xa^  very  small  limits  the  secretory  powarl 
of  the  nerves ;  hence*  in  deterniining  the  minimal  amount  of  atropin 
requiretl  to  produce  paralysis,  it  is  advii>able  to  stimulate  the  nerve  foi 
a  minute  or  more,  and  to  repeat  this  after  a  few  minutes'  interval 

The  synipiitbetic  nerve  is  either  not  paralysed  at  all,  or  only  by  i 

'  Arch./,  d.  gf-s.  PhjsioLf  Bonn,  1873,  Btl.  xvi.  S.  272  {exi>eriracntfl  m^de  on  Ui*  mh- 
nmxUlary  gland  of  the  dog). 

^  BeUr.  z.  Anal.  u.  FfitjitioL  (Eckhard),  Gies^sen,  1888,  Bd.  xii,  S,  3. 

'  A  few  otsly  of  the  original  impera  dealing  with  this  subject  can  bo  gircfti  here  ;  fiillir 
references  will  be  fouud  iti  trputises  on  pharmacology. 

*  Keuehel;  *^DaH  Atropin  mid  die  HemmungimcrTen)'*  Durpat,  IS$8 ;  HeidetllMUB« 
Arch./,  d,  ges.  FhysioL,  Bonn,  1872,  Bd,  v.  S,  30&, 
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oomparatively  lax-ge  Uuae  i)f  atrt^pine,^  In  the  dog  more  than  100 
mgriBS.  may  be  injeettHl  int<j  a.  vein,  iirnl  Btill  flecretioii  will  Ix?  olitained 
from  the  salimaxillary  ghtiid  \>y  stiimdatiiig  the  eer\  ir al  sympathetic. 
In  the  eat  this  nerve  eeases  to  cause  a  »eeretton  alter  \\\m\\l  30  in^niH. 
i»f  alrtipiue  litive  lieen  given/- 

The  p>iiit  of  action  of  atrojiiiie  ih  tlie  tenuinatinn  of  the  nerve-fibres 

arouml   the  gland-cells.     There  are  seveml  farts  wtiicli  ahow  this.     We 

may  mention  the  ftjUmving : — In  the  ease  of  the  Huhmaxillary  gland, 

when  a  diij^e  of  atropine  has  l>een  given   jtist  nurtieient  to  paralyw  the 

['liorda  tynqRini,  no  Heeretion  is  obtained  tty  stinuilaling  periiiherally  of 

ihe  (true)  sulmiaxrllary  ganglion;   ii\,  the  ]Mistganghonic    nerve-tihrcH 

<aiuse  no  8ec'ix*tiun.     xVtropine  apijlied  directly  to  nerve-tilircH — wliether 

preganglionic  or  postganglionic— in  their  coni'se  towards  a  tiH^ne,  does 

not  paralyse  them.     The  Yuaralysis  produceil  by  it  niUBt  then  he  either 

one  of  nerveH?nilinga  or  id'  gland-cells.     Hut  in  the  case  we  are  uonaiLler- 

ing  the  gland-eella  are  not  paralysed,  since  they  are  at  once  set.  secreting 

by  Hiimulating    the   cervical    syni[»athetie.     Hence    we    conehide    that 

atropine  acts  upon  and  paralyvses  the  nerve-endingg  of  the  ]>nstganglii«nic 

secretory  fibres  of  the  choida  tynipani.     And  we  may  conclude,  fnrtlier, 

tliat  ui  other  ca.ses  in  which  atropine  jiaratyHea  secret/)ry  nerven,  it  lias 

lids  effect  in  consequence  of  an  action  upon   thi'  nervc^-eiidings  in  thi* 

gland. 

The  exact  method  of  action  of  atropiiu*  we  can  only  guesa  at ;  we  might 
^uppo&e,  either  that  it  annuls  the  uoiidut  tivity  of  the  n*rrv(" -endings^  or  that 
it  cauKefi  a  retractiun  of  the  temiitial  fibunenti?,  in  the  manner  suggested  by 
l^uval  and  others  for  the  processes  of  nprve-cplLs  in  ^^encral,  80  tliat  tu^rvtjus 
impiiUes  can  no  longer  pass  from  the  jMirve-endiiij^H  to  tlic  gknibeelb. 

Atropine  does  not  jmralyHe  th(^  vasti-dihUor  til  ires  which  acfiuopany 
the  cranial  seeretory  nerves.  This  wu.s  first  shown  l>y  HeiiliMiliain  ^  in 
the  case  of  the  chorda  tympani  id'  the  dog.  It  is  true  that,  wla-n  large 
d()8es  of  atropine  are  givenjwjth  vasn-iiilator  and  vaso-constrictor  glandukr 
nerves  pixiduce  less  effect  than  normal,  but  tlaMc  in  nothing  to  ,sIm>\v  tliat 
this  action  is  in  any  way  spcrific\ 

Pilocarpine  and  rnuscarin©.— I«oth  idlnearpine  and  niuscarinc  ])rO' 
duce  cojdons  and  prolonged  secretion,  when  given  in  very  small  tptantity  ; 
for  example,  when  1  or  "1  mgrms.  are  injected  into  the  IiIikmI*  The 
secretion  when  it  slackens  is  iiKTi^ased  by  a  further  ilose  of  the  alkaloid, 
so  that  the  flow  of  saliva  can  be  kept  np  for  a  very  long  time.a]vparently 
imiefinitely.  A  large  dose  is  not  refpiin^d  irj  onler  to  produce  tlie 
maximum  rate  of  flow,  its  elli'ct  is  rather  to  increase  the  duratir»n  of  the 
flow.  The  mliva  (>!>taineil  is  like  that  ]»roduced  by  stiinuliiting  the 
cerebral  nerve,  and  tin*  secretion  in  accompained  by  a  great  ilihition  of 
the  vessels  of  the  gland. 

The  secretion  to  which  these  alkaloids  give  ri,se  from  the  snhniuxillaiy 
gland  is  unafikte<l  by  section  of  the  cbc^rila  tyrn|tani,  or  by  extirjjation 
«>f  the  superior  cervical  ganglinn  ;  it  occurs  after  the  cnnnec  linns  <jf  the 
chorda    tympani   with    the   local    nerve-cells   have   lieen    paralysed    by 

'  HpMenhain,  op.  dL 

'Unj^ley,  J^mrti,  Phifftioi.,  Cambridge,  1878,  vol.  i,  p,  i>8. 

*  Op.  eit. ,  fuprfi. 

*  The  chief  features  of  the  nrtioti  tif  riiusearinf*  wt-re  ilt"Hiribo4!,  ''  Das  Muscaiin,'*  Leipzig^ 
bj  Sthmiedeberg  u.  Koppe  in  1869. 
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nicotine,  and  al^?i/  .  tor  tlegenemtion  of  the  chorda  tympani  itself  (cf 
p.  519).  The  iilkaiuids  therefove  Btimulate  Bouie  peripheral  Btructure. 
And  as  in  the  ease  of  atropine,  m  with  piloearpine  and  muscarine,  it  is 
hardly  open  to  iloub  :■  that  the  iicrve-en^linga  of  the  postganglionic  fibres 
are  the  poiats  oi  at  ack.  The  nerve-endiuga  of  the  sympathetic  nen^e* 
fibres,  on  the  otlK  *  liaiiti,  are  not  stinnilated  hy  pilocarpine  or  by 
muscarine. 

Stimulation  of  le  chorda  tynipani  during  tlio  pilocar|>ine  secretion  * 
produces  in  most  ci.  /umstanceB  an  increaBe  in  tlie  rate  of  tlovvjvut  when 
the  secretion  is  a?^  rapid,  or  nearly  as  nipiil,  as  tlie  alkaloid  is  eapaUe 
of  producing,  tlse  chorda  has  little  or  uo  ellk't.  Further,  after  large 
doses  of  pilocarjiJTie  have  been  given,  the  chorda  liaa  also  little  or  no 
effect ;  in  the  latter  case,  the  appai-ent  paitilysing  action  may  Ije  due 
to  the  presence  of  mure  than  one  alkaloid  in  what  passes  for  pilo- 
carpine. 

Stimulation  of  the  syiniiathetic  during  the  pilocarpine  secrelion 
causes  a  prima ly  increase  in  rate,  like  that  of  the  augmented  secretiou  : 
after  this  ther«^  is  a  slowin^r,  and  if  the  stimulation  Im?  strong,  there  may 
be  a  complete  eessation  of  tlio  flow.  The  slowing  effect  is  less  in  the 
submaxillary  inland  of  the  cat  tlian  in  that  of  the  dog,  and  less  in  tire 
submaxillary  itf  the  do;^'  than  in  the  paroti<l  of  the  dog. 

The  effect  of  the  sympathetic  in  the  last  two  caaes  u  seen  in  the  following 
extract  from  an  experiment :  ^  — 

Dog. — Pilocarpine  Nitrate  injected — Rise  of  Saliva  in  Tubes  connected  with  the 
Ducts  of  the  Suhinaxillary  and  Parotid  Olands,  taken  every  thirty  seconds j 

in  millimetres. 

Submaxillary       .  2.5    54      9      3      2      1      0      0      0      1      8    11    19    29    82    82 
Parotid        .         .5      920000000000122 


stim.  sympathetic 


The  mutual  antagonism^  of  atropine  and  pilocarpine  (or  mus- 
carine).— If  atropine,  in  quantity  just  sufiScient  to  paralyse  the  chorda 
tympani,  be  injected  into  a  vein  of  an  animal,  subsequent  injection  of 
j)ilocarpine  or  muscarine  may  or  may  not  cause  secretion.  In  many 
cases,  as  the  amount  of  the  alkaloid  given  is  increased,  death  ensues, 
whilst  the  secretory  nerves  are  still  paralysed  by  atropine. 

There  are  two  methods  by  which  the  antagonistic  action  of  two 
poisons  on  the  salivary  glands  may  be  observed  more  satisfactorily 
than  by  injecting  them  both  into  the  general  circidation.  The  one  is 
to  inject  the  weaker  poison  in  such  a  way  that  it  passes  through  the 
vessels  of  the  gland  without  entering  the  general  circulation.  The 
other  method  is  to  inject  a  small  quantity  of  a  rather  strong  solution 
of  the  weaker  poison  into  the  gland  duct.  In  either  case,  the  stronger 
poison  is  injected  into  the  general  circulation. 

^  Langley,  Jonrn.  Anat.  and  Physiol.,  London,  1876,  vol.  xi.  p.  173  ;  Jaum.  Physioi., 
Cambridge  and  London,  1878,  vol.  i.  p.  339  ;  Gley,  Arch,  de  physiol.  norm,  et  path,,  Pari«* 
1889,  p.  151. 

2  I^nglcy,  Journ.  Physiol. y  Cambridge  and  London,  1889,  vol.  x.  p.  826. 

^  For  the  action  of  physostigmine  and  its  antagonistic  action  on  atropine,  of.  Heidenkain, 
Arch.  f.  d.  gr.s.  Physiol.",  Bonn,  1872,  Bd.  v.  S.  309,  and  1874,  Bd.  ix.  S.  335.  For  the 
mutual  antagonism  of  poisons  in  general,  and  especially  as  regards  muscarine  and  atropine, 
cf.  Pr(iVost,  Arch,  dc  physiol.  norm,  rf  path.,  Paris,  1877,  p.  801. 
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I  I  have  tried  both  methods^  hi  iihservutiuiiH  nij  the  effeetB  of 
I  pilocarpine  and  atropine  upon  the  Hnlimaxillary  glaml  of  the  cat  and 
I  (log:  The  latter  loetliud  is  rniirh  siiiiiilor,  find  seems  tu  niP  better.  An 
'  experiment,  brietly  stated,  is  as  tV>lliiws.  A  [landysing  dose  of  atropine 
is  injeeted  into  ii  liody  vein.  A  (.aiinida  tilled  with  a  2  to  4  jier  cent. 
sohition  of  pilocarpine  nitrate  is  lied  into  Wharton's  duet,  and  01  tf>025 
per  cent.  i>f  the  sulution  driven  into  the  gland.  This  eanses  a  Beeretion 
af  saliva  and  great  increase  uf  blocid  tlow,  kiiting  several  ndnutes,  Init 
rteadily  lessening  in  rate.  During  the  How  of  saliva  the  efiorda 
timpani  Ijeeumes  again  irrit^dile,  and  luay  ronniin  sn  t'nr  a  wlmrt  tinu* 
litter  pilicarpine  haH  eeased  ti>  proilnte  a  secretion.  As  tlie  |)iloearpine 
is  canied  ont  of  the  gland  by  tlie  seeretion,  liy  the  blood,  and  by  the 
lymph »  the  atropine  contijrually  tin  wing  to  the  gland  in  the  Idnod  again 
iiciquires  the  npper  hand,  and  the  nerve-endings  beennie  again  paralysed. 
With  renewed  injeetion  of  pilneari>ine  there  is  reneweil  trau-sieiit  seere- 
tioii  and  renewed  transient  irritabihty  of  the  ehorda  tynipani.  And 
tlie  tiaralysis  and  recovery  may  be  repeated  many  times  in  an  liour. 
It  is,  however,  t^j  he  noticed,  that  if  muie  than  the  minimal  ddse  of 
atropine  be  given^  more  than  one  injection  of  piluearpine  may  Ije  reqnired. 

Although  pilocarpine  can  instantaneously  restore  8onio  degree  of  activity  to 
the  chorda  tympaiu  which  has  been  paralysed  by  iitrn[)ini\  yet  the  activity  is 
always  considerably  less  than  normah 

In  the  cat,  when  the  L-ervical  sympathetic  has  been  paralysed  by  atropine, 
inactivity  ain  be  re.^t^^red  by  injecting  piloc^arpine  into  the  dnct,  although 
pilocarpine  do^  notstinmlate  the  secretory  nerve  endings  of  the  syiapatbetic. 

Nicotine*— Nicotine  causes  a  luief  Ihiw  of  salivn,  followed  by  a 
t^mporar}'  pamlysi.s  of  the  erarnal  and  sym]tatbetir  tiliros^  up  to  their 
connections  with  tlie  periphend  ganglia.^^  W'c  have;  atrciiily  des<ribed  the 
main  features  of  tliis  paralysis  in  eonncciion  with  the  chnrila  tynipani, 
and  in  connection  with  the  .sympathetic  (p.  480).  In  all  the  mammals 
rlufh  have  been  experimented  on,  small  doses  of  nic(jtine  readily  pro- 
ifnce  excitatory  effects,  Imt  the  amount  re([uired  to  paraly.sc  the  secretory 
and  vasomotor  preganglionic^  hbi^'s  varices  widely  in  ihlTcient  eases, 
More<jver,  the  nnnimal  amourtt  rerpiircd  to  pitniiKe  paralysis  i.s  not 
precisely  the  same  tVu'  til>res  of  di  Mb  rent  origin,  or  for  fibres  of  similar 
iirigin  but  different  function.  In  the  rabbit  nnd  cat  the  dilfercnces  are 
not  great,  the  am^mnt  required  varying  fnan  about  5  to  about  10  mgrnis. 
la  these  animals  about  10  mgrms.  of  nicotine  injected  into  the  blood 
will  cause  a  paralysis  of  preganglionic  fitaes  lusting  about  fifteen 
minutes.  In  the  dog,  30  to  40  mgrms.  have  a  similar  effect  on  tlie  chorda 
tnnpani,  in  so  far  that,  usually,  stimidation  of  the  ehnrda  for  about  twenty 
Ret'onds  causes  no  secretion  ;  but  in  SfHuc  cases,  at  any  rate,  and  even 
after  larger  doaea,  more  protracted  stimulation  of  the  chorda  induces 
gradually  an  active  and  protracted  secretimi,*  continuing  for  sonn^  time 
tift^r  the  cessation  of  the  stimulus.  And  very  large  dfjses  may  be 
given  to  a  dog  without  paralysing  completely  the  cer\  ical  sympathetic. 

'JoMm.  AfiaL  mkd  Plnjaid^t  LoTnlnn,  187^^,  vnL  xi.  p.  173;  Joifrn.  Ffiy^oL,  Cam- 
^•n'Jge  and  London,  1878.  vol.  i.  p.  33&  ;  1880.  vol,  iii.  p.  2.  Fur  methoi)  nf  injepfiiig  into 
tbe gknc)  arteries,  ct.  Heidonhain,  op,  rft.,  1.S74. 

' Heidenhain,  Jrch/f.  d.  y^-^.  Fhif^iijl,,  Bonn,  1872,  Bd.  v.  S.  316. 

*Langlcy  and  Ditkiaaon,  Proe.  Roy.  Sf)C.  Lotuhm,  1889,  vol.  xvi.  |>.  123;  Linglt'y. 
J^m,  ni}/ftiol.t  Cauihudgf*  and  London,  1890,  vol,  \i.  p.  1*23. 

*  E«p«at^  do«es  lia^t;  a  tendency  to  vzinm  in  iln'  dog  a  fioutiiiiioiijj  socrDtion, 
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On  tlie  hypoiiu  s  that  nicotine  causes  a  contraction  of  the  tertnina! 
fibrils  of  the  chorda  Lympani,  wo  might  suppose  that  protracted  stiiiiulatif«n 
leads  to  a  filow  grmlual  extension  of  the  teroiinal  fibdlfij  so  that  nervous 
impulses  passing  dov  n  the  chorda  tjnipani  can  again  set  up  impulses  in  the 
peripheral  nerve-cells, 

FoRMATif^  \  OF  Heat  in  the  Sitbmaxillary  Gland. 

The  rapitl  flow  ■  I  saliva  caused  by  stiinulating  the  elmrda  tympaiii 
suggested,  not  uiinatumlly,  that  a  t*rui8idenil>le  fonnation  of  heat  muat 
take  place  in  the  subnmxilkry  glaiKl  Ludwig  and  Spiess,^  miug  theriiit>- 
electric  junctions,  and  Luilwig,^  using  thernmnieters  Bpeeially  designtjdi 
brought  exjierinjental  pmof  that  in  the  dog  tliis  was  in  fact  tlie  m&c^ 

Ludwig  and  Spiess  plaead  one  junction  in  the  earotid  artery, 
arranged  as  in  the  method  of  detennining  lateml  blood  pressui^,  mi 
that  the  artiial  jnnetinn  was,  they  said,  in  the  full  blood  streaiiL  The 
other  juijf  tifin  waa  placed  in  a  cannula  connected  with  Wharton's 
duct,  and  apparently  on  the  same  side  11.&  that  uf  the  carotid  taken. 
With  a  moderate  rate  of  secretion  they  found  the  Baliva  to  be  about 
1°  C.  warni(?r  than  the  blood  in  the  carotid. 

Ludwitr  placed  one  thermomet«r  in  the  carotid  near  ite  origin,  and 
another  in  the  coni-se  of  a  cannula  connected  with  Wharton's  duct  of  the 
opposite  side.  He  states  that  theii^  was  in  no  case  clotting  in  the 
carotid,  but  tliem  does  not  8eein  to  have  l^een  a  flow  of  blood  ai-ound  the 
bulb  of  the  thciinometer.  The  rrKini  was  kej>t  at  a  tempera tniie  iii>t 
less  than  :^4''  C*  The  saliva  waa  found  to  he  constantly  of  a  higlier 
temperature  than  the  blood.  The  extent  of  this  varied  in  diflferent 
experiments,  and,  generally  speaking,  was  greater  the  faster  the  secretion. 
The  maximum  difference  foinid  was  1°'6  C,  the  temperature  of  the  saliva 
in  this  case  being  41°'2  C,  the  rate  of  secretion  0*5  c.c.  in  5'5  seconds. 
Ludwig  gives  also  three  experiments  upon  the  respective  temperatures  of 
the  blood  in  tlie  carotid  artery,  of  the  blood  issuing  from  the  gland  vein, 
and  of  the  saliva.  As  a  rule,  the  temperature  of  the  venous  blood  was 
below  that  of  the  carotid  blood,  but  occasionally  it  was  slightly  greater 
than  that  of  carotid  blood  or  of  saliva.  For  example,  in  one  case  the 
temperature  of  the  blood  in  the  carotid  was  SO"**!  C.,  that  of  the  saliva 
;39'-3  C,  and  that  of  the  venous  blood  39^-4  0. 

The  proof  of  an  appreciable  formation  of  heat  during  secretion 
appeared  complete  when  Heidenhain  ^  observed  by  the  thermo-electric 
method  that  the  temperature  of  the  gland  was  often  higher  than  that 
of  tlie  canjtid  blood,  the  difiference  in  favour  of  the  gland  being  still 
greater  on  stinndation  of  the  sympathetic;  and  when  Morat,*  by  the 
same  method,  obtained  a  rise  of  temperature  in  the  submaxillary  gland 
of  the  dog,  on  stimulating  the  sympathetic  both  after  bleeding  the 
animal  to  death  and  during  temporary  ligature  of  the  carotid,  sub- 
clavian, and  vertel)ral  arteries. 

Dernard  '•  plunged  one  thermo-electric  junction  needle  in  each  gland,  and 
found  that  stiiiuilation  of  the  chorda  tympani  caused  a  rise  of  temperature,  and 

1  Siizungsh.   d.  k.  Akad.  d.    Jfissetisch.,  Wieii,   1857,   Bd.  xxv.    S.  584  ;  reprinted   in 
Ztschr.f.  rat.  Med.,  1^^(58,  N.  F.,  Bd.  ii.  S.  361. 

2  Wien,  med.   JVchnschr.,  1860,  S.  433  and  449. 

3  Stud.  d.  p/iysiol.  Inst,  zu  Brcdan.,  Leipzig,  1868,  Heft  4,  S.  110. 
.    *  Arch,  de physiol.  n^rm.  etpath.^  Paris,  1893,  p.  285. 
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itimiilation  of  the  ^ynijjatlietii^  4:aused  a  fiiM  uf  tempera tun^  hi  the  gland  of  tbe 
nme  side*  He  concluded  tliat  calorific  fitTve-tibrt\s  are  present  in  the  chorda 
tpnpani,  and  frigorilic  nerve-fibres  in  tbe  .syrupiitbtitic  ;  but  there  is  nothing 
in  the  account  to  show  that  the  results  were  nut  due  Mmply  to  a  variation  in 
the  bJood  supply. 

These  re^idt^   till  rn  ently  ]»Mssril  unquesiinULHl     But  BuylLsH  and 

Hill,^  uii  leHtiii>(  tlienj,l>(itb  by  tlie  tbernin-rletlric  niul  tlie  tbenunmetric 

methmis,  never  fuuiul  tln^  ulnndiL  Hiiliva  to  Iji;  vvsirmer  thuii  the  arterial 

hlocKl.     Their  experimeiitB   difiei-ed    in   Home   points   of   metlnwl    from 

LudwigX     On  one  of  these   they  eoiiHider  the  diffeienfe  in  roHult  ile- 

peutls.     Tlie  tberniu-elertrie  jnrjc'li*tn  «>r  tin*  tbenminicier  was  pushed  u]i 

the  femontl  artery  into   the   a<uta,  so  that    it    was   exposed   to   tlu^   full 

current  of  bhwid.     lliyliKS  and  Hill  consider  that  in  Lud wig's  exjirrinient 

the  temperature  observed  was  lesa  than  the  real  teni]>erature  td'  uiterial 

blfMul,  8c»  that,  on  stimulation  tbe  rhorda  tyioiiani,  the  Hitliva  jsei/reteil, 

llumgh  of  a  biglier  teioperatiire  than   thai  ret  urded  for  the  blood.  wa8 

not  of  a  bi;ilier  temperature  than  that  nT  I  he  Mood  aetually  sujiplied   to 

tlie  giand."     And  they  r:iinu  io  the  cum  lusioo  thai  no  foiination  of  heat 

ill  the  subniaxillajv  gland   euo   be  detenniiieil  iliretlly   by  any  hnown 

method  i»f  measuring  variations  in  lenJiMirature. 

Supposing  for  a  moment  that  this  eoiudusiou  iw  correct,  it  dc»es  nf>t 
of  course  me^n  that  no  beat  is  fonned  in  I  lie  gland  during  fieeretion,  Init 
simply  that  the  heat — luidouhledly  Met  fri-e  by  the  rbt^mical  eiiangoH— ^i8 
itii?uthrienl  to  eause  an  ajipreciable  rise  of  trniju/ralare  in  theeunsid(/rable 
ffiaH8  made  up  of  the  saliva,  the  glan it,  and  the  blonrl  lli>wing  ihiough  the 
ijkiHl  But  l!ie  main  (luestion  ran  liardiy  be  regardeil  as  settled.  For 
the  tis8ues  in  the  neighbourhotitl  tjf  the  gland  arlury  and  of  tbe  duct  are 
—at  any  rate,  after  tihudng  a  tanuula  in  the  dm  I  and  p>reparlng  the 
I'Lorda  tympani— at  a  lower  teniperuture  than  the  aoitie  blooiL  So  that 
b>th  the  blood  to  the  ghuxl  and  tht-  salivjt  seereted  tend  to  Itecome 
oitoled.  And  thus  it  would  be  ]»ossiblc  for  tfie  refonb/d  t  taupe  rain  re  of 
1 1  le  sal  i  va  to  1  le  1  eas  1 1  la  n  thai  of  aortic  b  h  m  h  b  a  It  b  n  u  gh  the  1  o  n  1  ]  a'  r  a  t  u  re 
'►f  the  saliva  secreted  were  higher  than  ibat  of  the  bJood  supi»lieil  to  the 
gUnd. 

Electric  At.  Changes  in  the  Saltyahy  Glands. 

The  eleetrieal  currents  of  tlie  salivary  gbinds  of  the  ilog  and  rat 
liave  lieen  made  the  subjeet  of  (djservati<»n  by  liaybss  and  Bradford,^  and 
1>7  Bradfonl*  In  such  exi)eriments.  one  non-iMdarisa)de  electrode  is 
[►laced  upon  tbe  outer  CMinvex  surface  of  tbe  gland,  ami  tbe  cdber  upon 
tlie  glantl  ch>se  to  ibe  fiilus.  It  is  ccmvenieTil  to  use  lleiinaun's  nomen- 
clature for  the  eurients  wljich  may  be  observiMl  WIteu  tbe  outer 
sorface  of  the  gland  is  jiositive  to  the  hilus,  so  thai  the  di  red  inn  of  the 
current  in  the  galvan(«neter  eircuit   is   towaiiis   the  liilns,  auil  in  the 

^  Jmirn,  Phfjmof^  C&m\>r\t](re  aiul  bondoii,  isyt^  vul,  xvi.  p.  'i^y], 

'  It  mAy  be  mentioned  tliat  tln.^  blood  tcn^pcnitiireji  n^corflpd  by  huyliss  and  Hill  ar^  in 
nearly  all  cases  less  than  those  reconietl  by  Lutlwig,  but  110  fkfiiiiie  conuluitinii  nan  1h* 
^Ttrnu  from  thin. 

*iVoe,  Bm/,  Soc.  London,  1SS0,  No.  2i'].  \k  203  ;  Ivffmaf.  Jonm.  JfttiL  atid  HhfoL^ 
1887,  vol.  iv.  The  ingoing  current  of  tbe  skin  i^f  tlio  ttog  w-wh  dim  ovLTud  by  du  Bois  Key* 
mond  in  1857-  He  attribiUed  it  to  Ibe  ;j:laiiil8  iJiCM-nt  in  tlic  skin  (cf.  "  Uiitt-rsuch,  u* 
tiiieriiw^be  Eh^ktricitat,"  186(1,  Bd.  ii. 

*  Janra,  Phymol,,  Ctni bridge  and  I^ondon,  1887,  vol.  viii.  \k  SH, 
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glainl  itaelf  fi-oni  the  glaiiJ-cells  to  the  suri-omicliug  tiBBue — the  current 
is  au  ingoing  eunent.     When  the  outer  surface  of  the  gland  is  ^ 
to  the  hihis,  «o   that  tlie  dii^^i-tioii  of  the  cLirrent  in  the  galvi 
eirc'uit   is  from   the  Iiihbs  to  the  oaier  Burfaee,  and  in  the  gljind  iUwif 
from  the  gland-cells  towards  the  duet,  the  current  ib  outgoing.    The  J 
outgoing  eurrent,  then,  is  one  iu  the  direction  of  the  How  of  the  saliva  I 
seereteii 

The   current   of    resfc    xmvx    Ih3   either   outgoing   ov   ingoing.     It  isi  | 
usually  outgoing  in  tlie  sulnnaxiOarv  gland  of  tlie  dog,  and  u^ualb 
in  the  8ul»uiaxillary  gland  of  the  eat.     The  ciinnes  of  the  iY\\V 
direction  have  not  heen  detenuiued. 

Any  stimulation  of  nerves  whiili  c4tuseH  a  rajii<l  tiow  of  saliva  will 
cause  a  strong  outgoing  current.  When  the  How  of  saliva  is  slight,  the 
eurrent,  as  a  rule,  is  either  dijjhasic,  first  outgrmig  antl  tlien  ingi»ing»<)r 
iugning  only.  Thus  in  the  siihmaxillary  or  jmrotid  gland  of  the  dr^, 
stiiuulation  of  the  cranial  nerve  causes  ar*  ontgning  cuirent,  and  i^tiinuk- 
tion  ut"  the  syiujiathetie,  jirovided  the  secretion  he  slight,  causce  m 
ingoing  current.  The  ingoing  eurrent  hegins  less  quickly  and  is  \m 
strong  than  the  outguing  eurrent. 

In  the  aubioiixillary  gland  <A  the  dog,  the  current  of  rest  ii5  .^id  to  sm 
from  1-500  to  1-10  uf  a  volL  T]ie  outguing  current,  caused  by  stimuhitijigtJn' 
chorda  tjuifitud,  begins  aliout  0*37  secumls  after  the  beginning  of  tlie  stiuiu* 
lation,  and  before  saliva  appear^  in  the  duct;  it  readies  its  niaxiuium  ijefttrt 
the  maximum  rate  of  secretion  is  attained.  It  may  undergo  tenijiciwo" 
diminution  or  reversal,  indicating  the  development  of  an  ingoing  curretjl 
The  ingoing  current,  caused  by  stimulating^'  the  sympathetic,  begins  two  to 
three  seconds  after  tlie  beginning  of  the  stimulation,  and  only  slowly  altAiiL^ 
its  maximum* 

In  the  submaxillary  gland  of  the  cat^  stimidation,  either  of  the  cljord»  *.'r 
af  the  sympathetic,  causes,  in  most  cases,  tirst  an  outgoing  and  then  fm  ingoing 
current. 

Atropine  annuls  the  ellect  of  nerve  stimulation,  except  ijerhaps  v^ 
the  ease  of  the  sympathetic  of  the  dog ;  here  the  ingoing  current  {tm- 
duced  hy  stimulation  is  much  reduced,  but  it  is  not  clear  that  it  is  com- 
pletely aholiHhed  even  Ijy  100  nigrniK.  of  atropine.  Atropine  annulft  die 
outgoing  current  of  stinmlation  before  the  ingoing.  The  amount  t«^ 
atropine  rcntuired  to  abolish  the  (uitgoing  current  of  .stinndation  is  apprc'xi- 
mately  that  required  to  rentier  tlie  How  of  saliva  very  islighL  Tli^ 
amoimt  of  atropine  inquired  to  abolish  the  ingoing  c\inent  of  i^tiiuidHli<»B 
is  apiproxinuxtely  that  reipiircd  to  paralyse  itujipletely  the  seeivtoTT 
activity  of  the  nerve  stinndated  (cf.  p.  512). 

liradford  attributes  the  ingoing  current  to  *' changes  iji  the  glttud 
cells,  leading  to  the  elaboration  of  the  organic  constituents  of  the  SJtlivuf 
these  lnung  caused  by  the  action  of  Heidenliain's  trophic  tihi-es,  ami 
thinks  that  tlie  outgoing  current  is  probably  due  "  either  to  the  pftssa^^ 
of  the  fluid  jiart  of  the  secretion  througli  the  walls  of  the  alveiili,  or  1 
the  changes  iji  the  gland  struetiii^es,  that  foUuw  the  excitation  of 
secretory  nerve  and  precede  the  gland  flow." 

Most  of  the  facts  could  be  accounted  for  by  supposing  that  the  outgoiogi 
current  is  due  to  pbysiLal  causes^  namely,  due  to  the  passage  of  fluid  through  tKil 
gland-cells ;  and  that  the  ingoing  current  is  due  to  chemical  causes,  naaielj,  t 
metabolic  changes  in  the  ghind-cells,  but  the  questions  involved  are  toa  < 
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pJei  to  allow  a  definite  conclusion  to  be  arrived  at.    In  any  adequate  discussion 
of  the  11m Iter,  the  facts  regarding  the  produ6tion  of  electric  currents  in  other 
ptrts  of  the  body,  and  especially  in  the  skin  and  mucoui?  membrane^  would 
have  to  be  taken  into  accuunt.     Otic  or  two  points  only  we  can  luenLitui  here. 
1b  the  skin  and  mucous  membranes  of  tlie  fn>g  ami  other  animals  investigated, 
there  is  generally  an  ingoing  electric  current,  which   is  increast^d  by  weak 
itimulatiun.     Hermann^  coui^iders  bctth  currents  to  he  due  to  an  "  aixdjiotit;  " 
change    in    the  prutoplasuK     By    "  apobiotic "    is    meant  any  change    which 
diminishes  the  vital  energy  of  a  part  of  the  i>rotoplasni,  compared  with   the 
rest;  such  as  is  produced  by  stiunilation,  the  act  of  dying,  the  change  i»f  proto- 
plasm to    mucin  or    to  keratin,  and   so    forth»     Part^   undergo "ing  aiMjbiiitic 
cbinge  are  negative  to  the  rest  of  tin;  protoplasm.     Thus,  in  a  mucous  cell, 
the  inner  mucous  p>rtion  of  the  cell   becomes  negative  to  the  outer  proto- 
plasmic part,  and  a  current  is  then  set  up,  whicli  passes  in  the  galvanomfter 
from  capsule  to  lulus,  and  in  the  gland  from  mucous  to  protoplasmic  inirlion, 
ie.  there  is  an  ingoing  current.      As  to  the  outgoing  current,  Hermann  is 
inclined   to   C£>n6ider  it  as  a  simple   iliminutiou   (negative   viiriiition)   of   the 
normal  ingoing  or  secretory  current ;  whilst  llii'dermann  advocates  the  view 
Uiat  the  outgoing  current  is  due  to  anabolic  (assiniilatory)  processes  in  the 
glacLd-cella 

Section  of  Glandular  Nekves.    The  Paralytic  Rkcretiox. 

Claude  Beniard  -  was  the  tii'st  to  makt'  obsorvalions  u[joii  tlie  elTtM't 
f>f  section  of  glandular  nerves.  He  foumj  tlint  sei  liim  of  the  chorda 
tymijfini  in  tlie  dr»g  caused  tlie  submaxillary  gland  in  two  or  tbriM*  days 
to  enter  into  a  ntate  of  slow  eontinuoua  seeretunh  The  slow  llow  of 
saliva  coDtinued  \m  Hve  tn  six  weeks,  and  then  stf>p]K?il.  During  this 
time  the  gknd  itself  diniinisbed  nnne  and  inure  in  size. 

Since  the  seeretiun  is  the  rosnlt  of  tbr  ser  li<Hi  nf  nerve-bbres,  it  has 
been  called  the '*  paralytie  mHretion."  Claude  Itetiinrd  nttribulnl  the 
secretion  to  the  eonijihfte  renjoval  of  nervous  inijndses.  Thus  the  How 
of  sidiva  did  not  liegin  for  two  or  ibrLHi*  days.  Iw^eause  the  terminations 
of  the  chorda  tynijuini  in  tln^  trlniid  rer[nin*d  two  or  three  days  to 
degenerate  c^nniiletely.  It  Ktopp(*<l  in  Hvr  to  six  weeks,  because  then, 
Ite  thought,  the  ebortia  librt\s  bad  rej^enerated. 

The  question  was  taken  up  a  few  ytvirs  Inter  by  lieiiienliaiiK^  In 
onler  to  exclude  tfie  possibility  of  the  |>nralytir  sefrelion  bein^  eaused 
by  imtation  of  ibe  duet  or  i^danil,  he  cut  the  chonia  lym|>ani  in  the 
tjinjmnic  cavity.  The  secretion  oceurnnl  in  tlie  Siinie  way  as  when  the 
nene  was  ent  |teri]4ierally  of  the  ^^ani^lion,  tlien  railed  the  submaxillary 
;Bitiglion  (ef.  al>ove,  p.  4Sl).  It  br^aii  in  twenty-four  iiouns  at  least, 
'/.considerably  earlier  than  the  time  ^^iven  by  llornaid.  It  was  watery, 
^xA  contained  very  little  nimiu  ;  it  eontaint'd  niatiy  leucocytes  (anur- 
Ijoide  Koipendien),  and  was  in  eonsequenee  smtiewbat  ehaidy.  The 
k^ciretiou  wan  at  lirHt  very  slow;  but  gra<lnidly  itiereased  in  ra[*idity,  s<> 
tkt  ill  alwjnt  a  week  a  lar^e  dro]>  mij^hl  be  secreled  eveiy  twenty 
miuutes.  After  three  weeks  it  lUnnnihibetl  markedly.  The  glantl  itself, 
as  its  size  diminished,  beeuine  of  a  y(*Hnwisb  lint,  junl  waxy  ajiponiiinee. 

The  time  taken  l»y  tbo  poli[^beraI   rods  of  the  t  ut  cboitla  lyin}nnii 

'  -ifrc/i.  /.  (/,  {m^  PhjfxioLf  Bunn,  181M,  Eil.  hiii.  S.  lUi.  pf fon^iups  lo  niiiih  al  the 
«Mlinwork  will  he  toimd  in  tliia  ]*a}n'V. 

^J<mm,  de  Vanai,  etphysiol.^  ete.^  t^aris,  1864.  tMiir  i.  p.  507. 
^  Siutf,  d.  pkpsiol.  InsL.  zu  Bre^mt,  Leipzig,  IHtiS,  Huft  A,  \k  '^^^ 
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fibres  to  degenerate  18  not  quite  aipciiralely  knoMii.  Heitleabaiii  fitat«? 
thai  ill  the  dng,  stiuiulatinu  nf  the  fhorda  t^uusus  a  secretion  three  t^i  fowr 
days  after  itt^  section,  and  iiuplif's  that  hiter  thau  this  the  nerve  has  no 
ettect.^  Ill  an  experiment  lai  tlie  L*at,  I-  iihtaiiied  a  eopifnis  »ecreti«mby 
stimulating  the  cut  end  of  the  chorda  three  dayn  after  seij^tifin:  a  8ecJ^^ 
tion  too  copious,  it  seemed  to  me,  to  he  attributed  to  the  nerve-cells^ 
whi<'li  sniiietimes  occur  in  tlie  region  stinndatod.  But  Brudfonl,'  three 
days  after  section  of  the  cliordo-lingual  nerve  neai'  tlie  jiteryg^jitl  muscle^ 
obtained  no  secretion  fi\na  stiiuuhition  of  tlie  nerve  up  to  the  yswX 
where  the  chorda  tyrapaui  leaves  the  linguuh  In  the  dug  he  found  iia 
effect  five  days  after  section,  but  no  expeiiinciit  wat?  niatle  at  an  earlier 
date.  It  appears,  then,  tliat  the  time  i-equired  for  a  loss  of  irritahihtf 
of  the  cut  chorda  tympaiii  in  the  cat  ami  dog  lies  somewhere  betweei 
three  and  five  days. 

NoLwithstanding  the  early  loHi«t  of  irritability  i\i  the  cliorilu  tympani 
after  section,  stimulation  of  its  nerve-strands  near  the  gland  will  \\\  thf 
cat  still  cause  secretion.  In  this  way  I  olitained  a  fairly  rapid  secivticm 
thirteen  days  after  section  of  the  nerve,  and  a  slight  secretion  in  another 
experiment  forty-twn  days  after  section  ftf  the  nerve.  And  Bradfonl 
obtained  secretion  from  thet  linnia  tynijmni  in  the  cat  up  to  eleven  dav» 
after  section  of  the  chordo-lingual  In  his  exia-riirients  he  eonieliiiK'fl 
obt^^ined  a  sccretitai  by  stiimdating  the  clunda  innoediately  after  it  hatl 
left  the  lingual  nerve,  Imt  sometimes  only  wiien  the  electrodes  were 
shifted  farther  towards  the  gland.  In  the  ilog,  hve  or  nioTe  days  aftrr 
section,  he  obtained  no  secretion  by  stimulating  the  clionla  in  any  part 
of  its  course. 

Ynlpian  *  noticed  in  the  dog,  that  a  fortnight  after  section  of  the 
chorda  t^^npani,  injection  of  extract  of  jabnrandi  into  a  vein  gave  riseUi 
a  secretion,  tliough  less  than  normal.  Extirpation  of  the  superior 
cervical  ganglion  at  the  time  of  section  fli<l  not  a  Heel  the  result  In 
the  cat,  I  found  that  thirteen  tlaya  after  section  of  the  chorda,  venmiB 
injection  of  a  few  mgrins.  of  pilucaqnue  c^iusetl  a  copious  secreti<'n» 
and  that  forty-two  days  after  section  of  tlie  nerve,  iiilnraqiine  still  caused 
a  seeretion,  tliough  distinctly  less  than  ^m  the  t^jijMisite  side. 

These  experiments,  taken  together  witli  tliose  already  given  tm  tli 
action  of  nicotine  (cf.  p.  515),  and  with  our  general  knowlodge  of  ibJ 
relation  of  visceral  nerve-tibres  to  nerve-cells,  show  that,  on  section 
tlie  chorda  tympani,  its  nerve-fibres  degenerate  in  three  to  five  davs  up 
to  the  peripheral  nerve-cells.     The  nerve-cclLs  are  placed  chiefly  in  ihf 
gland  itself — more  so  in  the  dog  than  in  the  cat.     And  there  can  1 
little  doubt  that  the  variations  observed  as  liie  result  of  stiinulating  ihij 
peripheral  portions  of  the  chorda  depend  in  the  main  upon  variations  i; 
the  position  of  the  peripheml  ganglia.     In  some  animals,  post^nglioi 
filires  are  stinuilated  when  tlie  elei'trodes  are  phued  on   the  stran 
onlsiilc  the  gland  ;  in  other  unimiils,  this  cmly  occui-s  when  the  electrodi 
arc  placed  in  the  liilus.     As  tlie  ghmd  iliniinisbes  in  size  it  naturallfj 
gives  a  less  copious  secretion  niider  the  influence  of  pilocarpine. 

^  Hckiciiliaiii  tUenuami's  ''Httudbiicli,"  1880,  Bd.  vL  S.  88)  sUtes  that,  dthmigh  lh« 
wjifi  socrction,  there  was  no  incrctiiM^i  fiow  of  blood, 

*  Jmirn.  Physiot.y  Cambridge  and  London,  1885|  voL  vi.  p.  "1. 
^  Ihiii.,  18S«,  vol.  ix.  [j.  304. 

*  Compi.  rend.  Aead.  d.  sc,  Piiri**,  187^,  tomt?  Ixxxvii.  p-  il50.     lit^rorc  Uiia,  Pr*vo«t  I 
itated  that  mnscarint?  onusei*  secretion  after  dcgenpr&tiou  of  the  chonbi  tiiiit>ftni  ;  cf.  Jrrk 
de  phynol.  rwmu  et  jnUh.^  P&n»,  1874,  p.  719,  note. 
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The  peripheral  iierve-celk^  in  cuiiueetioii  witli  the  \^\\\\A  may  lie 
jpokeu  of  ^is  a  Ineal  nervfM^entre.  Thia  Im-al  reiitn;  m  rapalde  of 
ejceitin^  the  gkiid-cellw  to  aetivity  l<)ii|:  after  tlie  ehoiila  LytJipaiii,  which 
Dornuilly  euin'eys  iiiiintlses  to  it  tium  the  eeiitral  iierve-cejttrei  has 
Jegenemted. 

Heitlenhtyii  saigge-sted  llial  the  iMiralytic  seeretinn  Hu;^^Iit  i*e  due  to  a 
suaiulatiou  ef  the  gland-eelk  hy  the  deeoitijioHititui  jirmhicts  of  the 
stagnating  8ali%-a,  He  nhnerveil  that  if  the  dur^t  wen*  elaiiijied  for  ahotit 
a  fky,  a  bIow  secretion  uf  watery  Haliva  ensued.  The  eanen,  however,  are 
ImRUr  cniiiparahle,  iiiuBiJiiirh  as,  whilst  the  duct  is  t  Insed,  sec  retion  is 
formed  whieh  |*artly  djsteu<ls  tJie  alveoli  aurl  partly  is  fnrteil  nut  uf  the 
ducts  and  iuiuiua,  and  liathea  all  the  tiHStiea  of  the  glaud. 

A  fiiml  explanation  eaii  hardly  yet  lie  j^iveu,  hut  some  fihservationa 
ma4le  on  the  eat  lead  me  to  think  that  the  seeretiuu  is  the  iTsnlt  of 
nenous  etimuli.  In  tlie  cat  the  jiaralytie  secret  ion  is  murh  (hnunistietl 
ami  even  8to|>ped  hy  excess  of  <]ilnri»forni  and  hy  apnovi;  and  in 
incn?iised  niarketUy  by  dyspnavi:  the  dysjtHoie  tli»w  takes  j>la(e  more 
readily  tlian  on  the  opjioyite  sirle,  and,  so  far  as  can  he  jud^eil,  more 
imilily  than  in  a  normal  ^dantk  Thest^  results  indicate  tlmi  the 
jmralytie  seeretion  is  due  ehietly,  at  any  late,  \\\  a  sh^^ht  continuous 
exdtation  of  tlie  1oc4l1  nerve  median  ism. 

Ilcideuhain  found  that,  the  psiraly tic  set  retion  also  cjccui  red  in  the  do;^, 
when  the  su]>erior  cervical  lu^anglion  was  excised  at  the  time  of  s(^t*tion  of 
the  chorda.  In  tins  ease  the  secretion  is  ilue  wholly  to  local  clmn<res. 
hi  the  early  stage  of  seeretifai  iu  the  eat,  tluee  days  after  section  of  the 
diorda  alone,  1  noticed  that  section  rd'  the  cervical  syni}>athetie  very 
miR'h  diniiniBhed  or  even  stopped  l)oth  the  paralytic  secretion  and  tin: 
ilyRpnteie  secretion,  althcaigh,  in  tlm  later  sta^^cs,  sr^cticari  of  the  ( (a  vical 
8ymi*athetic  had  little  or  no  cfl'ect.  Trohahly,  then,  if  the  synijjathetic 
16  intact,  the  secretion  winch  ocenrK  in  ihr'  tiist  few  tiays  after  section  of 
the  chorda  is  largely  due  to  impulses  travellin^^  down  the  syni]>athetic 
fmm  the  central  nervinis  system. 

The  loss  of  weight  which  mcnrs  in  th<'  s\ihmaxillury  and  tlie  suh- 
liiis^aal  glands,  after  scctinn  of  the  i-lronia  tymjiani,  iimnunts  in  a  few 
weeks  to  one-third  to  one-half  of  the  original  weight  of  the  glands. 
Bradford  has  sln»\vn  that  section  of  dacoltSMiTs  nerve  caiises  a  sindlar 
\m  of  weight  in  the  parotid  gland-  <]f  the  cat,  Whether  eomjilete 
atrophy  takes  ]ilace,  and  if  so  what  time  it  requires,  thrrc  is  no  evidence 
to  sliow. 

In  the  Huhjnaxillary  ^land,  and  nn  diad»t  \\\  the  others  also,  the  lost^ 
of  weight  is  due  to  a  loss  of  cell  suhstance  hy  the  individutil  cells.  And 
this  loss  is  simjdy  an  iimtajice  of  the  gradual  alrojihy  which  occurs  in 
tisuaes  in  the  ahsence  uf  funetit*nal  activity.  Tlie  persistent  slight 
•ctivity,  of  which  the  {uiralytie  secretion  is  the  sign,  is  quite  insutticient 
to  replace  the  nornud  exercise  of  function. 

la  the  d<>g,  acc<irdin;ii  In  Heitlenhairu  the  jaarsilytic  gland  contains  a 
iiuial>er  of  alveoli,  ]ireseniing  tin'  a]>peaiuncc  of  the  tdveoli  of  an  active 
gkuil  In  my  experiments,  Ijoth  nn  the  ttug  jjud  eat,  the  gland -cells  were 
UDduuhtedly  in   the  resting  state.     In   the  cat  the  snliva  uhlained    l>y 

^aix  weekji  afUr  seelioii  of  tlie  chorda  in  tlni  eat,  wlreii  tln^  suKiiiiixillai  y  ^a\v\  had  lomt 
^tie  third  tij  one-half  of  iU*  weigLt,  the  jioive-tells  in  \\w  akohol-Jiarafiicrl  ^Imid  presejitpdi 
WQ certain  difference  fiTnn  the  iKrv<''iells  of  thf  xtand  f»f  th<^  ojipOHitc  si4t'- 

*  Bnulfonl  did  not  oljMsrve  u  imrulytic  sccrctiou  fruni  the  |i:irotid. 
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stimulating  the  postganglionic  chorda  fibres,  and  by  injecting  pilo- 
carpine, was  distinctly  viscid,  and  more  viscid  than  normal.  The  alveoli 
mentioned  by  Heidenhain  were,  I  am  inclined  to  think,  the  demilunes 
which  a  decrease  in  the  size  of  the  mucous  cells  inevitably  brings  into 
prominence,  notwithstanding  an  actual  decrease  in  the  size  of  the 
individual  demilune  cells. 

Stimulation  of  the  cervical  sympathetic,  diunng  the  progress  of  the 
paralytic  secretion,  has  practically  its  normal  action  both  in  the  dog  and 
the  cat.  In  the  dog,  it  gives,  when  stimulated  after  a  sufficient  interval 
of  rest,  a  brief  quick  flow  of  watery  saliva,  corresponding  with  the 
augmented  secretion,  and  after  this  a  slow  slight  secretion  even  thicker 
than  usual.  If  the  stimulus  be  prolonged,  there  is  a  long  pause  in  the 
paralytic  secretion,  due  partly  to  anaiuiia  of  the  gland,  and  partly  to  the 
resistance  ottered  to  the  flow  by  the  thick  saliva  in  the  lumina  and 
ducts.  In  tlie  cat,  the  sympathetic  produces  secretion  in  the  usual  way 
and  of  the  usual  kind ;  and  unless  the  stimulation  be  too  prolonged,  the 
])aralytic  secretion  slowly  creei)s  on  in  the  intervals  between  the  several 
stinmlatious. 

Heidenhain  noticed  in  the  dog  that  section  of  the  chorda  tympani  on 
one  side  caused  a  sliglit  continuous  secretion  from  the  submaxillary 
gland  of  tlie  ()j>])usite  side.  The  occurrence  of  such  a  secretion  I  con- 
flrmed  in  the  cat.  It  is  convenient  to  have  a  name  for  this  secretion, 
and  I  liave  called  it  the  antiparalytic,  or,  more  briefly,  the  antilytic 
secretion.  In  my  experiments  the  antilytic  secretion  was  stopped  l)y 
apnoea  and  by  excess  of  cliloroform.  Dyspnoea  caused  a  secretion 
a])paTently  greater  than  normal,  though  less  than  on  the  }>aralytic  side. 
Nu  certain  antilytic  secretion  was  observed  either  thirteen  or  forty-two 
days  after  section  of  the  chorda.  In  its  early  stage,  three  days  after 
section  of  tlie  opposite  chorda,  it  was  dinunished  by  cutting  the  chorda 
of  the  same  side,  and  al)olished  by  cutting  the  sympathetic  also.  So  far, 
then,  as  repirds  the  cat,  there  is  some  ground  for  thinking  that  the  anti- 
lytic secietion  is  transitory  and  due  to  im})ulses  set  uj)  in  the  central 
nervous  system. 

8(^cti()u  of  the  chordii  tyinpani  i)i"obably  leads  tu  slow  changes  in  the  nerve- 
cell.s  of  the  secretory  centre  which  are  connected  with  the  chorda  fibres  ; 
these  clianges  might  nuike  the  central  nerve  cells  more  irritable,  so  that  they 
[»asse<l  into  a  condition  of  continm>us  slight  activity,  thus  producing  the  anti- 
lytic secretion.  Or  the  antilytic  secretion  might,  as  suggested  by  Bradford,  be 
simply  a  retlex  from  the  tissnes  injured  during  the  section  of  the  chorda. 

According  to  Heideidiain,  the  antilytic  secretion  in  the  dog  continues  aft-er 
section  of  both  chorda  tynijnini  and  sympathetic  nerves.  As  it  is  difficult  to 
see  wliy  the  local  mechanism  shonld  he  so  easily  thrown  ont  of  gear,  it  is  best 
to  wait  for  further  observations  on  the  matter. 

Little  is  known  as  to  the  time  taken  for  the  chorda  tympani  fibres  t«» 
regenerate.  In  a  pujjpy,  1  ohtaineil,  three  months  after  section  of  the  chorda 
tympani,  a  secretion  nnu'h  as  usual,  on  stimulating  eitlier  the  nerve  which  had 
bei'ii  cut  or  the  cliordo-lingual,  so  that  presumably  regeneration  is  fairly  com- 
plete in  three  nionllis. 

Srctioii  of  tin  rcrricffl  sf/nijf((lh(/ir'^  has  no  observable  })ermanent  etlect 
ui)()n  the  gland,  and  it  causes  no  paralytic  secretion.  The  blood  vessels 
for  a  time  (lilat(\  but  this  soon  ])asses  oil'.     The  nerve   soon   loses    its 
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imtAbiliiy :  in  the  chI,  according  Uj  BriMlfunl,  it  gives  no  secretion  thi-ee 
ilars  after  section. 

Stimulation  <jf  tlie  gaui(lion  \\\Vk  8tili  lause  secretion  and  ]  ml  lor  of 
the  gkud  for  several  weeks  after  8e(/tiun  nf  tlie  nerve,  and  poaaibly 
incletinitely. 

Excision  0/  the  $u}n:rior  arvicai  (janfjliori  lias  also  no  certain  effect 
upon  the  salivary  glandt^,  and  does  nut  give  rise  to  a  aeeretiuii.  In  the 
rabbit  I  Could  see  no  det  reuse  in  the  size  of  the  submaxillary  glands, 
or  alteration  in  their  Idstdh^gieal  appearaure,  nine,  sixteen,  and  twenty- 
three  days  res  jjectively  after  reiuuval  of  ihe  ganglion,  nor  in  a  case  iu 
which  the  ganglion  had  lx*en  reujoved  live  years  previuu.sly  hy  lh\  i*ye- 
Smith.  The  chorda  tynipani  still  causes  secret inu  aud  llushing  ui  the 
gland,  though  the  Hushing  is  appaienlly  less  than  normal  liradiVird 
removed  the  sujperior  cervical  ganglion  iu  the  cat.  Jle  found  no  atrophy 
i4  the  gland  up  to  Hc%'cn  weeks  after  the  oj^eration;  indeed,  iu  las  ea8es 
buth  tiie  .Hnhmaxillary  and  the  ]»art»tid  glauds  were  ,sf)niewliat  hi^avier 
Mil  the  ujierated  tfian  on  Lfie  sound  siile.  lfeniu\al  of  the  ganglion 
causes  the  sympathetie  iilanieuts  ou  the  glaiul  artery  to  de^generale,  the 
^  loBSof  irritiihility  being  fairly  rapid  :  tlnis,  tlnee  days  after  the  oiteration, 
Bradford  obtained  no  secnition  on  stiuadating  these  nerve-iilanientK. 

Skcretion  due  to  a  Ueflkx  ArnoN  of  l*i:uiri[EUAL  Gangija. 

We  may  reject  the  view  of  Iternard,*  tluit  a  seeretion  ean  be 
obtained  innn  the  suhniaxillary  glautl  of  the  i\i^\i^,  Uy  means  of  nervous 
impidses  passing  from  the  niueous  lueiobiaue  of  the  tongue  l>y  the 
lingual  ner\'e  to  the  ''subuiiixillary  "  gaugli<iu,  aud  thence  to  the  gland. 
The  iJireet  proof  alleged  iu  favour  of  this  view  was  that  oerasionally, 
jift«r  section  of  the  ehord<j-IiiigUjd,  dim  t  stiuoilatii'U  of  the  tnngue,  or 
the  application  of  ether,  eaused  a  slight  secretinu.  As  U"'  aiia-sthetiea 
were  given,  it  is  i[uite  p(jssible  that  a  alight  flow  fnmi  the  iluct  nu'glit  he 
caused  by  retiex  movenients.  The  result  was  not  obtained  by  Kt-khard, 
Bidder,  auil  others;  and  until  it  can  be  olitaiuetl  with  some  constancy, 
and  after  adniiuistering  at  any  rate  a  lundeiate  anunnit  \A  auastbeties,  it 
may  properly  be  disregarded. 

The  indirect  proof  alleged  is  tliat  after  si-rtion  v>f  tlie  chordo-liugual. 
glinudation  of  the  lingual  on  its  course  to  the  tongue  (the  nerve  being 
cut  and  the  central  end  stimulated)  causes  a  secretion  from  the  sub- 
tiiaxillary  gland.  This,  in  fact,  is  eomninnly  the  case.  The  amount  of 
ibe  secretion,  broadly  speakiug,  iurreases  I  he  nearer  the  tdeeiiodes  are  to 
the  chorda  tymjtani.  It  is  often  barely  more  than  pncej^tiblc.  Tlic 
fact  observed  by  Ikuuaid,  that  three  to  five  days  after  section  of  tfie 
<'hordo*linguah  ^  secretion  could  no  lougei-  be  o}»taiued,  si-cms  suthcicnt, 
with  our  present  knowledge  of  the  central  nervcnis  sysleUL  hi  show  that 
lb  lingual  secretion  cannot  be  reflex  in  the  onlinjirv  sense. 

There  can  be  little  doubt  that  ^chill's-  (^\pl;lnation  is  in  ttie  luain 
c<jrrect,  namely,  that  some  secretory  libies  for  the  sulnuaxilljiiy  glaud, 
instead  of  running  to  it  direct  l>y  the  chnrila  tym|iani,  aernm]iany  the 
liDpial  for  a  short  distance  ami  \\iv\i  imu  ba«  Ic   lo   tin*  gland.     Sebilf 

* /oitm,  fie  ramti.  et  physwl.,  cfA.  l*ans,  1864.  totnt  i.  \y.  5U7.  For  Boine  fnrthcr 
•cooQOt  of  the  earlier  papers,  »ee  Faster '»  '*  Text-book  ol  Plivsiolc»gy/'  1879,  3rd  cdititm,  ]>, 

'  ** Lemons  »ur  U  plijsioL  de  la  digestion,  '  1867,  tunjc  i.  p.  2S4. 
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seems  to  have  ih,..  it  that  these  reeurrent  fihres  rati  iti  a  single  bundle 
a  considerable?  diauiiice  down  the  lingual,  for  h€^  sny^  that  wheii  tiie 
lingual  nervf  is  cut  about  2  cul  beyond  the  ]>oiut  whtfre  the  chords 
tjrmpani  leaves  it,  at  d  time  in  allowed  for  dtigentmtion,  no  Becretion  is 
obtained  by  Ml imulai  ing  tiie  L'tsutral  end;  a  negative  result  which  waa 
not  obtained  by  We  theiiuer.^  Wertheimer  s  j>t>sitive  re*«u!t  then  may 
be  taken  as  ehuwiug  that  the  recurrent  fibres  leave  the  lingual  at  niort? 
than  one  spot. 

But  it  is  iicvertl  aless  poaaible  that  on  stimulating  the  central  end  n( 
the  lingual  a  secret  ion  filiauld  be  obtained  which  in  not  produced  bv 
recurrent  fibres,  and  which  is  due  to  nervous  impulses  passing  through 
local  nerve-cells.  Tlie  ner^'e-cella  on  the  coui^so  of  the  chorda  tympaiit 
are,  as  we  have  seen,  scattered ;  if  the  chorda  tympani  tibix*8  branch 
before  running  t<j  these  cells,  stimulation  of  one  of  tlie  branches  would 
probably  cause  a  nervous  impulse  to  jmss  to  the  more  central  branches 
and  to  the  cells  connected  with  them.  This  would  lie  a  rcllex  through 
efferent  fibres  of  the  kind  described  in  some  other  peripheral  ganglia.^ 
Such  action  with  the  actual  anatomical  arrangements  is  nu>re  likely  to  be 
obtained  from  the  sublingual  tluin  frtun  the  submaxillary  gland-  It 
would,  of  course,  be  annulled  l*y  degeneration  of  the  chorda  tym|>fliii. 

Direct  hmiTAmuTY  of  GLAND-CELLa 

It  is  natural  to  suppose  that  stimulation  of  the  gland-cells  by 
electrical,  chemical,  or  mcclianieal  stinadj  should  \m  vR\u\Ae  of  caiiBing  a 
secretion.  There  is,  however,  no  ilircct  evidence  that  this  m  the  casc\ 
After  atropine  has  been  given,  no  secretion  has  been  obtained:  l»ut  it 
must  be  meotintiett  that,  even  when  tlie  mTvc-enrlings  in  the  sub- 
maxillary gland  are  in  a  lull  bUte  ol  irniabdity,  il  i»  diilicuit  tu  ubuun 
secretion  from  it  by  electrical  or  other  stimuli  applied  to  its  outer  sur- 
face, and  which  do  not  affect  the  internal  bundles  of  nerves.^ 

Extirpation  of  Salivary  Glands,  Injection  of  Saliva  into 

THE  Blood. 

The  extirpation  of  all  the  salivary  glands  is,  of  course,  impossible ; 
but  the  large  salivary  glands,  i.e.  those  which  secrete  by  far  the  greater 
portion  of  tlic  saliva,  can  be  cut  out.  This  has  been  done  by  Fehr.* 
He  states  that  in  the  dog  he  removed  not  only  the  parotid,  submaxillary, 
and  sul)lingual  glands  on  both  sides,  but  also  the  orbital  glands.  The 
operation  liad  no  ap])reciable etlect  on  nutrition;  and  the  only  diflference 
in  the  behaviour  of  the  animal  w^as  that  it  drank  more  water.  A 
similar  result  was  observed  by  Schiifer  and  Moore.^  They  removed 
from  a  dog  the  jnirotid,  the  submaxillary,  and  the  larger  part  of  the  sub- 
lingual glands.  Tiierc  was  no  disturbance  of  nitrogenous  metabolism, 
and  ueitlier  sugar  nor  all)umin  appeared  in  the  urine.     CarlK)hydrates 

'  Ari'/(.  (k  jiJtijswI.  norm,  dpath.,  Paris,  1890,  p.  519. 

*-'  Langlcy  and  Anderson,  Journ.  Physiol. ^  Cambridge  and  London,  1894,  vol.  xvi. 
p.  410. 

^Bernard  ("Lccons  8ur  la  proprietes  physiologiques,"  etc.,  1859,  tome  ii.)  found,  by 
stimulating  the  gland  directly,  that  pain  was  caused. 

^  Henlc  and  Meissner's  Jahresb.,  in  ZL<chr.  f,  rut.  M»d.,  1862,  p.  255. 

*''  "  Proc.    Physiol.   Soc,"    1896     p.    xiii.,    Journ.   Physiol.,   Cambridge   and    London, 
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were  well  flige«t^l,  and  the  iuiiuial  tbr^ive  cm  a  diet  of  bread  aud 
milk. 

Tiie  salivary  glands,  then,  in  llie  domestic  dog,  ajtiK^ar  lu  l>e  rather 
a  convenience  than  a  nefessity^  anil  tliere  is  no  eviilenee  tlial  lliey  have 
•ny  "  internal  seoretiun  " ;  carhonie  arid  [asscfi  from  the  t^dandHeiltj  to 
the  Idooil,  but  there  \%  no  intlication  that  any  other  suliHtaiK  e  does  bo. 

Saliva  injected  int^:!  llie  \Ay\Kn\  is  inucli  less  harmful  tliaii  mij^ht  be 
erpected.  Bernard,'  indeed,  injeiied  consideralde  quan Lilies  into  a  vein 
of  a  dog  to  which  no  aniestljetics  had  heen  ^dven,  anrt  did  not  uhserve  a 
result  of  any  kind.  Extnu  tn  of  tfu*  Balivary  glands  injectetl  into  tho 
UIochI  cause  a  teni|Mimiy  fall  of  hlnoil  presHnu*,-  hut  so  nuiny  sni>stancea 
in  solution  do  this  that  the  artinu  nmnot  he  reganleil  as  Bjiccific. 

Gexeeal  Considerations  ;  Tiieokies  as  to  the  Moi>e  of  Action 

OF   SEritETOKY   NeRVE?^/' 

The  facte  whieh  show  that  seerotory  ncrve-liliros  exist  in  the  riantal 
nerves  are  so  well  known,  that  it  is  not  netesBiiry  to  consider  them  in 
detail.  It  is  sutticient  here  to  rec*all  tfie  fimtlamental  facta,  that  secre- 
tion may  in  each  s^ilivary  glaml  take  jilui-e  at  a  pressure  higher  than 
that  of  the  bhxjd  su|»]jliiHl  to  the  gland,  and  tliat  nerve-filires  end  in 
connection  with  the  gland-eel Ig.^ 

In  the  case  of  the  Kynijiathetic,  the  cumjKiratively  slight  amount 
and  the  tratmitory  nature  of  the  sf*cretion»  reinhT  the  question  less  clear. 
It  was  in  fact  suggested;'  curly  in  the  history  of  synqMitlietit*  naliva, 
ttiat  the  c»*rvieal  symiiathetic  nerve  causes  a  secretion  solely  in  con* 
sequence  of  the  pressure  exercised  011  the  gland-cclls  by  the  contraxtion 
of  the  hloml  vessels,  hron_Ldit  about  liy  ^slituulatio^  of  the  uorve.  Sot  h  a 
Tiew  oflers  a  plausible  explanation  uf  many  of  Llic  farts  reluting  to  tfie 
secretory  action  of  the  sympathetic,  siu^h  as  the  nmniat  small  qnanhty 
of  the  secretion  in  tlie  dug,  the  increaseil  ipuintity  after  the  cranial  nerve 
haa  been  stiiuulated,  the  rapidity  with  which  the  maximum  rate  uf  tliu 
•*augDiented  "  saliva  is  attained,  the  normal  absence  4tf  rellex  secretii>n 
bj  way  of  the  symjiathetic  when  sajiitl  snbstjinces  are  }>la('ed  on  the 
tongne,  and  the  absence  of  ellect  of  atropine  and  pilocaifanc  upon  [he 
secretory  function  of  the  sympathetic. 

But  a  closer  inquiry  shows,  nevertheless,  that  this  view  is  nuteiuible 
On  the  general  tlieory  it  may  he  notcil,  that  the  constriction  of  tfie  small 
arteries  of  the  gland  in  all  ]»rohaliility  ilecreases  thi*  |>ressnre  on  the 
gland-cells  in3t*?ad  of  inerea«ing  it.  Chi  tln^  cxperimoutal  side,  we  may 
mention  three  points. 

L  The  constriction  of  tbi*  blood  vessels  has  al  timos  no  iidatinn  \u 

*  **lj«fons  d«2  phjsiol.  exfu'r.,''  1856,  \\  141. 

*  Scbircmrjd  Oliver,  Journ.  Fhtfinol.,  CtLiii\*Th\**v:  ami  Lrmdun,  rs95,  vul.  xviii.  ji,  277. 
'For  a  gptieral  liistorical  acToiuit  of  the  villus  whirh  h^ve  bcin  htld  with  re^^'anl  to 

»e<rr«tion,  I  may  refer  the  r<?a'1t'r  to  l*roL  tlam^f^'s  A<Mrt:s3  Oi  the  Bic>lH|^ra]  Sr^'tum  of  the 
BritiJih  Afsociation  in  I8S2,  and  to  Pruf.  Hcifitiihaii/s  liUroiiii  tory  Arconut  in  Hermann's 
"H»nat>uch,"  16S0,  B^l.  v.  Th.  1,  hi.  J    13, 

*Cf.  Fuiwri  et  Panaad,  vJit/i.  if(fi.  (Ik  hhj.,  Turin,  ll^Hl,  tomo  x'\\,\  G.  Kttzins, 
Bi^,  UnUrmth.,  Stockh^trn,  1  Hn2,  N,  F..  Itrle.  iii.,  iv.  :  Korolkow,  Anat,  Jnz., 
Jena.  19&2,  M.  v\l  S.  58f> ;  A.  Dojr^nd,  Arrh.  /,  ittihr^  Jn'tt.  notin,  189;j,  VA.  xVii.  ; 
Berkeley,  JoA^is  Hopkins  JJo^p,  lirp.^  13ttUmiot<.\  1*^0  U  vrvL  v.:  {\  AniHteiu,  Aunt.  Am., 
Jen4,  1895»  Iki.  x.  S.  110  j  G.  C,  Hubcr,  Journ.  Kxptr,  Mtd.,  Bultimure,  1890,  voL  i, 
|v  231- 

*  Gruiiliag«n,  Kts<hT.  f.  rut,  Med,,  1868,  &1.  xxxiii.  S,  258. 
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the  flow  of  saliva.  Thus,  on  stimulating  the  cervical  sympathetic  in  the 
dog,  it  may  happen  that  the  secretion  does  not  begin  until  the  pallor  of  the 
gland  and  the  reduction  of  blood  flow  are  about  maximal ;  the  slow  flow 
of  saliva  may  then  continue  without  change  in  the  blood  flow,  and  may 
even  continue  after  the  end  of  the  stimulation,  when  the  blood  vesselB 
are  dilated.  In  the  cat,  contraction  of  blood  vessels  without  any  flow 
of  saliva  can  be  easily  observed  by  stimulating  the  sympathetic  after 
about  30  nigrnis.  of  atropine  have  been  injected  into  the  blood. 

2.  The  quantity  of  saliva  obtained  by  squeezing  the  gland  is  less 
than  that  obtained  by  stimulating  the  sympathetic.  This  is  most 
readily  observed  in  the  submaxillary  gland  of  the  cat,  in  which  about 
ten  times  as  much  saliva  is  usually  obtained  by  stimulating  the  sympa- 
thetic as  by  squeezing  the  gland. 

3.  The  total  amount  of  saliva  obtained  by  stinmlating  the  sympathetic 
is,  in  some  cases,  too  great  for  it  to  be  obtained  by  simple  expression  of 
fluid  from  tlie  gland.  This  is  })erhaps  most  striking  in  the  case  of  the 
augmented  secretion  of  the  submaxillary  gland  of  the  dog.  In  favour- 
able circumstances,  ^  to  ^  c.c.  of  saliva  may  be  obtained  by  a  single 
continuous  stimulation,  and  with  a  diminution  in  the  size  of  the  gland 
not  appreciably  greater  than  would  be  accounted  for  by  the  diminution 
in  the  amount  of  blood  in  it. 

Some  of  tliese  observations,  it  will  be  observed,  negative  also  the 
possil)ilily  tliat  the  sympathetic  saliva  can  be  due  to  pressure  exercised 
by  contractile  tissue  other  than  blood  vessels  around  the  alveoli 

We  eonchide,  tlien,  tliat  both  the  cranial  and  the  sympathetic  ner\^es 
contain  fil)res  which  end  in  connection  with  the  gland-cells,  and  which 
are  capable  of  causing  changes  in  the  cells  leading  to  secretion ;  and 
we  pass  on  to  consider  whether  the  secretory  nerve-fi])res  are  of  more 
tlian  one  kind.  There  are  two  possi])ilities  to  take  into  account : — first, 
whetlier  there  are  fibres  inhibiting  the  secretion  as  well  as  fibres  excit- 
ing the  secretion ;  and,  secondly,  whether  there  are  fibres  causing 
chemical  changes  in  the  gland  distinct  from  those  which  cause  the  flow 
of  iliiicl. 

The  fonnor  [)ossibility  we  may  treat  briefly.  Until  it  is  shown  that 
tlie  (lecn.'ase  in  the  blood  flow  through  the  gland  which  the  sympathetic 
causes  is  insiitiicient  to  account  for  the  decrease  in  the  flow  of  saliva 
wliicii  the  syin])athetic  at  times  produces,  this  hypothesis  of  inhibitory 
fibres  does  not  need  serious  attention. 

Tlie  second  pOvSsibility  we  must  consider  more  at  length.  The 
theorv  of  the  existence  of  two  kinds  of  nerve-filaes  in  secretory  nerves 
is  due  to  Heidcnliain.^ 

Acconlini^r  to  this  theory,  tiie  secretory  fibres  proper  cause  certain 
unknown  changes  in  the  cells  leading  to  the  passage  of  fluid  through 
tlicni.  'i1ic  trophic  fibres  cause  chemical  changes  in  the  cells  leading, 
on  the  nn(^  hand,  to  the  growth  of  protoplasm,  and,  on  the  other,  to  th(» 
conversion  of  the  stored-up  secretory  material  into  a  more  soluble  form. 
Further,  accordini^  to  tiiis  theory,  the  proportion  of  these  two  kinds  of 
ncrv^c-libres  is  ditlcrcnt  in  cranial  and  sympathetic  nerves.  The  cranial 
nerve  contains  more  secretory  tlian  tro])hic  fibres.  The  sympathetic 
nerve  contains  more  tro])hic  than  secretory  fibres. 

Tlie  trophic  fibi'es,  it  will  be  observed,  have  two  functions,  not 
n(^c(»ssarily  connecte(l  with  one  another.     The  evidence  that  they  cause 

^  IleidPiihaiii,  llermaTin's  "  TTandlmcli,"  18S0,  H<].  v.  (1)  p.  78. 
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A  growth  of  protoplasm  is  deiived  from  the  microscopical  examination 
of  the  vaiious  glands,  after  stimulating  the  sympathetic.  Thus, 
according  to  Heidenhaiii — to  take  the  most  striking  example  addiieed 
bj  him — if  the  cemc4il  s}Tiipathetic  ])e  stimulated  in  the  dog  for  several 
houri^,  there  is  no  sc<?retion  from  the  parritid  gland,  Init  the  gland-cells 
■how  a  great  increase  in  canninc-sUiining  material,  i.f,  a  eonsiderahle 
growth  of  protoplasm, 

I  have  not  Ijeen  aide  to  convince  myself  that  any  consideralde 
changes  of  this  nature  take  place.  On  stimulating  the  symiwithetic  the 
thick  secretion  us  nail  j  ntops  up  the  ducts,  and  if  any  further  BCf  retion 
takes  place  it  can  only  paws  out  into  tfie  lymph  spaces.  After 
stiiuidating  the  sympathetic  for  'tix^  ttJ  seven  hours,  1  do  not  find  any 
ui&rke<l  increa.se  in  the  st^iining  power  of  tlie  cells  ;  and  the  fresli  gland 
either  shows  no  outer  non-granular  zone  at  all,  or  a  very  stiiall  one. 

The  evidence  that  a  separate  class  of  trophic  nerve-fihres  exists, 
which  converts  stored-up  material  into  a  more  soluhle  form,  rests  oti 
certain  facts,  which  we  will  discnss  as  far  as  possihle  separately.  In  the 
iirst  place,  there  are  the  facts  adducetl  to  prove  tliat  solul4e  substance  is 
formed  dui'ing  secretion,  and  which  do  not  touch  the  question  whether 
the  formation  is  due  to  a  special  nerve-filire  or  not. 

1,  It  was  shown  by  Heidenhain  that  the  percentage  of  organic 
suliet^nce  in  saliva,  secreted  nnder  the  infhienee  of  the  cranial  nerve, 
tncre-ases  with  the  rate  of  secretion.  On  this  fact  Heidenhain  argued 
somewhat  as  fallows:  If  tlie  so  hen  t  |>ower  uf  the  Huid  passing  tiirongh 
the  cells  reniains  constant,  and  the  soluhility  <^^f  thc^  stored -ui^  sidjfitance 
in  the  cell  also  remains  constant,  the  arnnmit  of  the  storcd-iip  suhstance 
dissolveil  by  the  fluid  in  its  passage  through  the  cell  will  derrease  as  the 
rate  of  its  passage  increases.  For,  lielow  saturation  point,  the  amount 
dissolved  must  decrease  the  less  the  tirim  tho  solvent  is  in  ciuitact  with 
the  solvend.  But,  in  fact,  the  slower  the  paswagf^  of  \\w  solvent  the  less 
it  dissolves;  hence,  with  increasing  rate  of  How,  there  must  he  either  an 
increase  in  the  solvent  power  of  the  fluid,  or  an  increase  in  the  solubility 
of  the  stored-up  suhstance.  Heidenhain  considered  that  in  mucous 
saliva,  at  any  rate,  the  only  suhstance  whirh  rnuld  increjise  the  solvent 
power  of  the  fluid  was  sodium  carbonate.  And  this  salt,  lie  found,  rlid 
not  increase,  as  saUva  was  secreted  more  rapidly.  \\\  consequence, 
he  concluded  that  the  substance  in  tlie  cell  must  l»ccnme  more  soluble. 
An  increase  in  solubility  of  part  of  tlie  slored-up  sid^stance  was  then  a 
result  of  stimulating  ncrvT-fibres. 

But  it  is  by  no  means  clear  tliat  the  rapidly -secreted  fluid  is  not  a 
better  solvent  than  the  fluid  secreted  slowly.  Werltker,  working  in 
Heidenlmin  s  laboratory,  fnund  in  fact  that  the  ]«en(uit!tge  «>f  sodium 
earlK3nate  in  the  submaxillary  saliva  r>f  tlie  dug  does  increase,  thougli 
but  slightly,  with  the  rate  of  secretion  of  saliva.  Ami,  in  addition,  it 
cannot  be  regarded  as  certain  that  sodium  <  hloritie  ami  <>tlier  neutral 
salts  do  not  aid  in  the  srdution  of  the  sulistances  stored  up  xw  the  cells. 
The  evidence,  indeed,  seems  to  me  to  he  on  the  i^ther  si(h\  And,  as  \sv 
have  seen,  when  saliva  is  secreted  more  rajiidly,  tlieie  is  an  increase  in 
the  percentage  of  salts  as  well  as  in  that  of  organic  suljstances.  Finally, 
the  statement  that  tlie  faster  the  fluid  passes  tlnough  tlu^  cell,  tlie  less 
substance  it  will  dissolve,  depends  on  tlie  assuni]ition  tfiat  in  slowly- 
secreted  and  in  rapidly-secreted  saliva,  the  fluid  hiis  an  t*qu;d  n|»|>ur- 
tunity  of  dissolving  the  stored-up  material.     This  is  not  netessjirily  the 
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case;  the  more  rapidly-flowing  fluid  might  pass  more  freely  into  the 
intraceUular  spaces,  and  come  into  more  intimate  contact  with  the 
mucous  or  other  stored-up  material  of  the  c^ll. 

2.  Better  evidence  of  the  formation  of  soluble  substances  in  gland- 
cells,  under  the  action  of  nerve  stimulation,  is  afforded  by  the  after-action 
of  strong  nerve  stimulation.  If,  between  two  weak  stimulations  of  a 
cranial  nerve,  a  strong  stimulation  of  the  same  ner\'e  or  a  stimulation 
of  the  sympathetic  nerve  be  introduced,  the  second  weak  nerve 
stimulation  gives  rise  to  saliva  containing  a  higlier  percentage  of  organic 
8ul)stanco  than  that  produced  by  the  first  similar  sthnulation.  Tlie 
fact  may  be  taken  as  showing  that  the  strong  stimulation,  introduee<l 
])etween  tlie  two  weak  ones,  has  converted  slightly  soluble  into  nioi-e 
soluble  material,  which  has  only  partially  been  carried  out  of  the  cell. 
But  tliis  is  not  the  only  possible  explanation.  We  can  imagine  that  the 
stronger  the  stimulus  the  more  the  fluid  passing  through  the  cell  will 
be  brouglit  into  contact  with  the  stored-up  substance,  with  the  result 
tliat  more  of  this  substance  will  absorb  water  and  pass  a  stage  on  the 
way  to  solution  than  would  otherwise  be  the  case.  And  consequently, 
for  some  time  after  a  strong  stimulus,  any  fluid  passing  through  the 
cell  would  find  substance  already  on  the  way  to  solution  or  already 
dissolved,  without  any  alteration  in  its  chemical  composition. 

The  ex})erimental  evidence,  then,  of  the  formation  of  a  soluble 
substance  during  secretion  is  not  satisfactory.  And,  in  fact,  it  is 
doubtful  wiiether  the  glands  contain  any  stored-up  organic  substance 
in  a  "  comparatively  insoluble  "  state.  The  granules  of  the  glands  are 
seen  to  enter  readily  into  solution — micellar  or  other — when  a  crushed 
])iece  of  tlie  <^land  is  irrigated  with  dilute  alkaline  salt  solution.  The 
mucin  or  mucins  of  saliva  liave  not  been  sliown  to  l)e  different  from  the 
mucin  or  mucins  contained  in  the  salivary  glands.  The  mucous  material 
of  the  glands  i.s  often  spoken  of  as  mucigen,  following  the  analogy  of 
tryi)sino.i^n'n  and  i)epsinogen  ;  but  it  is  well  to  remember  that  there  is 
notliing  to  sliow  that  trypsinogen  and  pepsinogcMi  are  less  soluble  in 
dilute  saline  solution  than  trypsin  and  pepsin;  and  further,  that  there  is 
some  evidenci^  that  the  (esoi)hageal  glands  of  the  frog  secrete  pepsinogen 
as  such,  aii<l  not  as  i)epsin. 

Sup])()sing,  however,  it  w^ere  shown  that  nerve  stimulation  causes  an 
increase  in  solubility  of  secretory  material,  it  would  still  remain  to  show 
that  this  cluin^a^  is  caused  by  a  special  class  of  nerve-fibres;  and  to  this 
part  of  the  theory  we  may  now  ])ass. 

It  was  thought  that  direct  ])roof  of  the  separate  existence  of  trophic 
fibres  was  afl'oided  by  the  results  on  the  parotid  gland  of  stinndating 
the  sympathetic  in  the  dog.  Stimulation  of  the  sympathetic  caused  no 
How  of  saliva,  but  caused  nevertheless  histological  changes  in  the 
gland-cells,  and  a  gieat  increase  in  the  percentage  composition  of  the 
saliva  olttainiMl  in  other  ways.  Plere  was  apparently  an  instance  of 
ner\'e-fibi'es  ])r()(lucin,LC  the  changi^s  demanded  of  the  tro])hic  fibres,  by 
hyj)othesis,  and  ])i()ducing  no  othei's. 

]>ut  we  iiave  seen  (p.  498)  that  the  syni])athetic  is  capable,  in 
favourable  cii-cunistances,  of  causing  a  flow  of  saliva  from  the  }w\r(>lid 
gland  i^i  the  dog.  Sinc(%  tluMi,  secretory  fihres  are  present  in  the 
sympathetic  sliand  sujjj^lying  tlie  ])aroti<l,  the  action  of  the  nerve  in 
tliis  particulai-  instance  cannot,  without  further  (examination,  betaken  to 
show  the  existence  of  an  additional  class  of  nervi^-fibres. 
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We  come,  then,  Uy  a  eouiparisou  \\i  the  relative  ettects  uf  the  cmnial  and 
sympathetic  nerves  as  the  final  \mxl  i»f  the  evidence  for  llie  existence  of 
two  classes  of  nerve- fi  I  ires.  It  is  aaid  that  the  ditlereiit'e  in  the  i*ereentage 
composition  of  synipatlietit'  saliva,  and  uf  Lliat  ]>r(>daced  by  ^5t^nulati^|^ 
the  cranial  nerve,  can  only  be  BJitisfactorily  explained  hy  supposing  that 
secretory  an/l  trophic  til  ires  are  present  in  Iwith,  and  that  tlie  lunnher 
of  trophic  hlvres  lelaLively  to  the  secretory  is  greater  in  the  ayiiqiatfietic 
than  in  the  cranial  nerves. 

This  conclusion  seeina  to  me  to  he  legitiniale  and  una\i>iilahk%  if  a 
diminution  in  tlie  blixid  supjdy  to  the  glands  hrought  aUont  hy  vaso- 
constrictor nerves  does  not  markedly  inciTasc  the  |iercentage  of  <irganit^ 
substance  in  the  saliva  secreted.  Hut  this,  sn  far,  lias  not  heen  shown 
to  be  the  case  (cf,  p.  508),  The  question  can  hanlly  be  settled  until 
meftns  are  found  of  stinmlating  the  sympatlietic  vaso-constrictor  tibres 
of  the  salivary  glands  without  stinudating  the  synii>athelic  secretory 
fibres. 

We  tiud»  tlien*  that  the  hypothesiH  t»f  a  separate  class  of  trophic 
fibres,  although  adordiug  a  convenieul  explanation  of  a  certain  number 
of  facta,  rau  hanlly  be  considereil  [iroved  at  any  point.  It  jireseuts  also 
certain  difficulties  of  its  own  winch  we  nceil  not  insist  on  here. 

On  the  whr^le,  I  tlnnk  the  m<ist  ]irohable  view  is,  that  only  t>ne 
kiud  of  nen^e-hbre  rims  to  the  <^dand-i  ells,  ami  that  this  causes  al!  tlie 
changes  in  the  gland-cells  whit  h  are  capable  of  being  canscil  by  ncrvi.* 
stim^tion.  These  clianges  include  the  taking  up  proteid  material 
from  the  lymph,  some  kataliolic  action— shown  by  the  setting  free  of 
earbonic  acid — and  chajiges  leading  t^i  the  passage  of  water  and  salts 
through  the  cell.  It  is  not  improbable  that  the  nervous  impulses  hasten 
the  conveiBion  of  alisorbed  proteid  to  secrebny  substantcSj  ami  it  is 
perhaps  fKissible  that  they  increase  the  solubility  uf  the  secretory  sul)- 
staDce  already  torineil.  The  effect  of  tlie  secietoiy  tibres,  as  regarils 
the  amount  ami  percentage  conijmsition  of  the  saliva  obtained,  would 
naturally  vary  with  the  strength  of  the  stinmhis,  the  condition  of  the 
gland  at  the  time,  the  quality  ami  ipiantity  uf  the  bhind  thnving  through 
the  gland. 

The  exact  processes  which  take  ]ilace  in  gland -eel Is  and  whicli  lead 
10  secretion  is  at  present  outside  tin?  range  of  our  knowledge.  The  high 
iecretory  pressure  naturally  suggests  osmosis  as  the  cause  of  the  passage 
of  water  and  of  salts.  And,  about  five  and  twenty  yeai-s  ago,  the  view 
that  secretion  is  due  to  the  formation  in  the  cells  of  a  substance  of  high 
endosmotic  pressure  was  put  forward  by  Ilering  and  others.  Jfuch 
more  is  known  now  of  the  plienomena  of  osmosis  than  wtis  known  then; 
bat  the  nature  of  the  process  is  still  so  ohscure,  that  to  attempt  to 
explain  secretion  on  the  lines  of  osmosis  is  to  venture  on  httle  better 
(liau  conjecture. 

It  may,  however,  be  worth  while  to  st^ite  briefly  some  points  reganling  the 
relation,  or  possible  relation,  <\i  osmosis  to  secretion. 

We  will  consider,  tirat,  what  facts  of  secret i<>n  we  could  in  same  sort 
account  for,  on  the  theory  that  o.^motic  pressure  it^  of  the  same  nature  as 
gueouB  pressure,  and  tussuiniug  that  osmosis  doe.s  take  place  tn  the  gland  cells* 

The  facts  which  it  seems  most  feasible  to  oA'cr  an  ex|ilanation  nf  are,  the 
occurrence  of  Becretion  when  the  cells  are  stimulated  and  not  at  other  timus, 
the  increase  in  the  rate  of  liow  duriui;  stinmlation^  the  increase  in  tlie  per- 
centage of  salts  in  sahva  with  increase  in  the  rate  of  liow. 
VOL,  1.^34 
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We  may  speak  of  the  alveolar  cells  as  forming  a  membrane,  and  call  the 
part  towards  the  lymph  the  outer  layer  of  it,  and  the  part  towards  the  lumina 
of  the  gland  the  inner  layer.  In  the  inner  layer  are  spaces  containing  soluble 
organic  substance. 

The  explanation  of  the  above-mentioned  facts  on  the  osmotic  theory  might 
be  as  follows  : — The  membrane  is  impermeable  in  the  unstimulated  state ;  on 
stimulation,  a  rearrangement  of  its  molecules  takes  place,  so  that,  of  immedi- 
ately adjoining  portions,  parts  are  permeable  to  water  and  parts  are  permeable 
to  salts  also,  whilst  parts  remain  impermeable.  On  increasing  the  strength  of 
the  stimulation,  a  larger  and  larger  area  of  the  membrane  Ijecomes  permeable, 
and  of  this  a  proportionately  larger  and  larger  part  becomes  permeable  to 
salts. 

The  increase  in  the  percentage  of  organic  substance  in  saliva,  which  accom- 
panies increased  rate  of  flow,  might  be  due  simply  to  the  greater  percentage 
of  suits  causing  an  increase  in  the  solvent  power  of  the  fluid,  or  to  a  larger 
proportion  of  the  fluid  passing  into  the  spaces  of  the  inner  layer. 

Proteid  molecules  do  not  pass  through  the  gland-cells,  but  they  enter  it, 
and  are  deposited,  forming  the  outer  non-granular  zone ;  the  process  is  spoken 
of  as  the  growth  of  protoplasm.  We  have  reason  to  believe  that  the  rate  of 
growth  of  the  protoplasm  increases  more  than  the  rate  of  flow  of  fluid  as  the 
stimuli  pass  from  weak  to  strong. 

To  account  for  this  on  the  osmotic  theory,  it  must  be  supposed  that  only 
the  outermost  jjortion  of  the  membrane  becomes  permeable  to  proteids,  so  that 
the  proteid  molecules  are  blocked  in  their  passage,  and  further  that  the  ratio 
of  permeability  to  proteids  and  to  water  is  greater  with  strong  than  with  weak 
stimuli.  The  theory  becomes  further  complicated,  if  we  have  to  apply  it  also 
to  a  taking  up  of  proteid  during  rest  (cf.  p.  486),  when  there  is  no  passage  of 
fluid ;  for  in  this  case  the  inner  part  of  the  membrane  at  least  must  be  im- 
permeable to  water,  whilst  the  outer  part  is  permeable  to  proteids. 

80  far  wc  have  assimied  that  the  conditions  of  the  solutions  on  the  two 
sides  of  the  membrane  are  such  as  would  lead  to  an  osmotic  flow  through  it, 
directed  from  its  outer  to  its  inner  surface.  Ikit  this  is  precisely  the  point  it 
is  diflicult  to  be  clear  about.  There  is  no  obvious  reason  why  the  fluid  in 
contact  with  surfaces  of  the  membrane  bounding  the  s|>ace8  should  be  very 
different  from  th(;  fluid  issuing  from  the  inner  surface  of  the  membrane.  But 
the  saliva  contains  commonly  less  organic  sul)stance  and  less  salts  thjin  the 
lymph.  Why  then  should  fluid  pass  from  the  lymph  to  the  saliva?  It  can 
only  be  said  that  it  is  perhaps  possible  that  a  passage  both  of  water  and  salts 
might  lake  jilacc  if  the  organic  substance  in  the  spaces  formed  some  combina- 
tion with  water  and  salts,  of  which  at  present  we  have  not  sufficient  evidence. 

The  hypothesis  which  I  have  staled  above  seems  capable  of  being  put 
to  the  test  of  oxperiinent,  and  of  being  either  ])roved  or  disproved.  Failing 
it,  wi'  are,  1  think,  driven  to  snp|»ose — apart  from  the  hypothesis  of  special 
vital  aftivit y  -that  the  outer  layer  of  the  cell  forms  a  loose  chemical  combina- 
tion with  various  substances  of  the  lymph,  an<l  that  thetse  are  passed  on  from 
molecule  to  nioleculo  and  disassociated  at  the  inner  surface.  A  process  of  this 
kind  forms  the  l)asis  of  the  chemical  theory  of  osmosis.  And  it  seems  to  me 
not  iin]»robal)le  that  sucli  a  process  occurs  in  gland-cells,  but  it  is  extremely 
ditlicull  to  see  how  to  bring  any  experimental  evidence  to  bear  directly  on  the 
question.  The  iuvesti,i:ation  appears  to  demand,  as  a  preliminary,  an  intimate 
knowledi^e  of  the  chemical  nature  of  the  mcmhrane.  The  membrane  consist-s 
of  protoplasm.  And  tliere  are  few  problems  in  physiology  which  appear  more 
remote  from  solution  than  that  of  the  chemical  nature  of  living  substance. 


MECHANISM    OF    SECEETIOX    OF    GASTRIC, 
PANCREATIC,  AND  INTESTINAL  JUICES. 

By  J.  S,  Kjikixs. 

CJ0NTENT8, — Histolugieal  Appeanmces  of  tlie  Sucretorv  (_*tinditions  of  the  Stomach, 
p,  531 — Functiuii.s  of  the  Cells  and  Hej^ions  of  tlie  SLnmncli,  p.  iJ32 — MelhtMla 
of  obtaitiing  Gastric  Juice,  p>  hZil — -  Influence  of  the  Nervuus  8yi?teiii  on  G^istric 
Secretion,  p.  537 — ConditiotH  vvbidi  provijkt!  Hecretion,  i>,  54U — P'orinrition  i)f 
the  Ffrrnents  of  Gastric  Juice,  p.  ISli — FnriiMtion  of  R»*nt]ii^  p,  543 — Variati«iii3 
in  Gastric  Juice  during  Digej?tion,  [>.  '1  U— Hii^tologieiil  Appe;ii'ance^  of  the 
Secretory  Conditions  of  the  Pancreas^  p.  '»4t5— Inthienct*  of  the  NervouE?  System 
upon  Pancreatic  Secret  i^jn,  p.  547— <^>ntliti<.nis  wliieli  ]n'ovoke  th«  Fluw  of 
Pancreatic  Juie^,  p,  551— Fenneiit-4  of  thi-  PrUnTe^itic  Juice  and  their  Aiite- 
cedent%  p.  551 — Variations  in  Pau*;reatic  Juice  dming  Digestion,  [>■  ^'^'^  — 
Evidence  of  Secretion  in  the  Intestine,  p.  55 1. 

Thb  Meckanibm  uf  Gastiuc  Secretion. 

The  hiBtologi.cal  appearances  of  the  different  secretory  con- 
ditdoQH  of  the  stomach,  and  the  relation  of  the  aecretory  gTanules 
to  the  en2;3nne,— Thnuj^h  the  existenn*  of  s[)e(iHi'  ^^rainiles  in  secretory 
trkiidfi  hiid  previouHly  lieeu  iKdnteJ  *nit  in  ruiniectiun  with  tlie  |>ancrcas 
and  some  salivary  giantis,  it  was  mil  till  IHTT*  that  their  cxisleiiee  was 
alsfi  itbserved  in  the  seeretinj^r  eells  nf  the  giiHtric  iiuiefaLs  iHt'Uihrane  by 
Langley  and  Sewall,^  who  Hhnwed  that  the  ehief  nr  eentral  Qe\h  tare,  in 
the  restinL,^  rendition,  en>wded  wilii  eHiiHpieunuH  gramdes,  and  that 
during  digestion  the  graHides  in  these  eells  diniinisli.  As  far  as  the 
ovuid  or  hnnler  eel  Is  nre  concerned ,  gvvinnles  are  to  he  seen  111  these,  htit 
they  are  nrneh  .smaller  in  size,  th«aigh  qnite  diserete. 

After  digestion  the  cells  take  un  ddlereiit  appearanees,  whieh  ctinbiat 
mainly  in  the  decrease  of  the  number  of  granides,  Tliis  deereawe  may 
lie  manifested  in  two  different  ways.  In  tiie  tirst  ease,  and  the  more 
tyfdeal,  the  outer  border  of  tlie  <"eU  alrjne  ni;iy  show  tlie  laek  of  granules, 
the  luminal  border  retaining  them,  unh-ss  in  an  extreme  eonditinn  of 
exhaustion.  In  the  seeond  ease,  there  may  be  a  nniforni  deereanc  of 
granules  thioughuut  tlie  cell,  aeeLunpanied  hy  a  diminittion  in  size 
of  the  cell,  but  unaccompanied  by  any  f<>rination  *>f  zones.  These  two 
forms  of  decrease  may  r>ceur  in  diflerent  ]  parts  of  the  gastric  mucnus 
membrane  of  the  same  animal.  Thus  in  the  greater  curvature  of  ttie 
Btomach  in  both  the  rabbit  ami  guinea-pig  there  is  a  formation  of  zones, 
in  the  cells  of  the  fundus  such  a  division  is  not  seen. 

*  ''Changefl  in  Pepsin-fonning  Ghinds/'  Jom-n,  Phy.>'s*}}  ,  Cjodirnlgp  and  L^uidoii,  1870, 
Tol-  iL 
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At  the  pyloric  end  of  the  clog's  stomach  in  the  resting  or  exhausted 
state,  an  appearance  is  seen  which  consists  of  small  and  obscure  granules 
somewhat  radially  arranged,  an  appearance  which  bears  a  slight  resem- 
l)lance  to  that  seen  m  the  ducts  of  salivary  glands  in  the  fresh  condition. 
A  very  marked  ditference  exists,  however,  between  the  pyloric  cells  and 
the  cardiac  cells,  and  there  seems  little  doubt  that  considerable  histo- 
logical distinction  obtains.  Nevertheless,  attempts  have  been  made  by 
Ebstein  ^  and  others  to  prove  the  identity  of  the  chief  cells  of  the  cardiac 
end  with  the  lining  cells  of  the  body  of  the  pyloric  glands.  It  may  be 
stated  that  Langley  and  Sewall  found  no  dilfierence  in  the  pyloric  cells 
whether  the  glands  were  in  a  resting  or  active  condition,  and  other  later 
observations  also  show  a  marked  uniformity  of  appearance  in  the  cells 
whatever  the  secretory  condition  be. 

It  may  then  be  regarded  as  established  that  a  diminution  in  the 
amount  of  granules  characterises  the  chief  cells  as  digestion  advances. 
It  has,  moreover,  been  shown  by  Grlitzner  ^  and  others,  that  as  digestion 
advances  the  fundus  glands  contain  less  ferment  than  in  hunger.  It  is 
therefore  justifiable  to  conclude  that  the  granules  are  in  some  way 
connected  with  the  ferment.  In  addition  to  this,  we  have  the  fact  that 
more  pepsin  can  be  obtained  from  the  cells  of  the  fundus  in  the  rabbit 
than  from  the  greater  curvature,  and  it  is  in  the  fundus  that  the  cells 
are  conspicuously  granular.  We  have,  however,  to  consider  that,  though 
the  chief  cells  will  yield  pepsin,  yet  they  do  not  actually  contain  pepsin. 
If  the  granules  then  are  connected  with  pepsin,  it  must  be  in  some 
antecedent  form.  The  probable  explanation  of  this  is  that  the  granules 
of  the  chief  cells  consist  wholly  or  in  part  of  pepsinogen,  the  precursor 
of  pepsin. 

The  functions  of  the  different  forms  of  cells  and  of  the  different 
re^ons  of  the  stomach.— Heidenhain  originated  the  view  that  the 
chief  cells  were  connected  with  the  formation  of  pepsin,  and  the  border 
cells  with  the  formation  of  the  acid  of  the  gastric  juice.  The  arguments 
upon  which  tliese  conclusions  are  based  are  not  direct,  but  though  really 
inferential  they  appear  to  be  supported  l)y  such  evidence  that  but  little 
doubt  can  l»e  ]»laced  upon  tlieir  accuracy. 

The  reasons  for  regarding  the  chief  cells  as  connected  with  the 
t'oiniatioii  of  pe])sin  have  been  dwelt  upon  in  the  ])revious  section.  But 
is  there  evi<lenee  to  disconnect  the  bonier  cells  from  this  same  function  f 
The  most  direct  evidence  we  have  is  that,  in  the  rabbit,  the  gi*eater 
curvature  contains  more  border  cells  than  any  other  portion  of  the 
stomach  :  the  ])ylorie  glands  of  the  smaller  curvature  contain  at  most  an 
occasional  border  cell  here  and  there,  yet  the  amount  of  pepsin  i)roduced 
l)y  ihit  two  frlan<l  forms  is  scarcely  dilTerent.  The  obvious  conclusion  is 
tliat  the  bonier  cells  do  not  form  the  ferment.  On  the  other  hand,  it  is 
noticed  that  the  pyloric  secretion  is  distinctly  alkaline  if  se]»arated  from 
the  rest  of  the  stomach  ;  this  isattirmed  l)y  Klemensiewicz,^  Heidenhain,* 
and,  later,  Ackerniann.-'*     Ai)i)arently,  tlierefore,  such  cells  as  are  present 

'  J/vA.  /■.  nillr.  Ad,ft.,  IJonn,  1^70,  P,.l.  vi. 

■-'  ••  r'iit<r.>iirli.  uel.crd.  niMiiiig  u.  Ausscli.  dcs  IVpsiiis,"  lircslfiu,  ISTf*. 

■  "  rdjcr  <l>.'ii  Siueiis  i>vloriciLs, "  Sitzjinttsh.  d.  /•.  Aka<l.  d.  irissrusch.,  Wicii.  1875, 
lU.  Ixxi. 

"*  "  I'cliti-  <lif  J',  iisiiiliildung  in  don  I'ylorusdiiison,"  Arr/i.  f.  d.  (jcs.  J'lu/sioL,  l{«nm, 
1^7.^,  ImL  xviii. 

^  "  l'L\|>(iini('nt(  llf   rxitiM-^a'  ziir  Kmntnis-s  dcs  rvloiiissLci't'te.s  bciin  Ilundc."  ^Sl■^nNfhl. 
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ill  the  }i\i(*iir  re^i^^ri  dn  not  t**mtnljute  ti*  tho  lfi>riiiatiim  <tt'  acid. 
la  the  frog  tfic  wruuee  of  the  ferment  is  an  alkaline  jiiiee  ftir- 
nisliHl  l»y  l\w  cr^supliageal  f^lands,  wliilst  tlio  colls  in  the  Htrniiarh  bear 
re?*eQililance  to  the  harder  cells  kA  tlic  mainiriaK  mid  here  alniie  the 
neid  of  the  juice  is  secreted.  The  deejier  parts  nf  the  c^inlia^:  fjlanfla, 
where  there  are  fewer  Inirder  relU,  du  imt  give  an  aeitl  reaetiim,  tlie 
acid  reaction  being  evident  only  at  the  imnitfis  and  njiper  |iarts  (»f  the 
glittidf*. 

Claude  BernariP  attempted  to  mark  out  the  plaie  where  tlie  free 
Imlrochloric  acid  first  appcardl,  hy  iTjjeetiTjg  intravennusly  a  solutii»u  of 
ferric  lactate  followi-*!  hy  a  snhrtinn  i»f  piitassinra  ferri>cyainde  (th(*s(*  two 
comjKKmds  react  with  the  iir<i<lucti<JU  of  IVussiun  hhic  nidy  in  the 
presenc-e  of  a  mineral  acid).  After  the  lap.se  *if  three  c]iuirter«  of  an 
hour  the  animal  was  killerl  and  t!ie  ti.ssues  examined.  A  blue  pre- 
cipitate was  only  observed  on  the  surfaee  of  tlie  mueons  menduane 
of  the  Htomach,  e,s]>e(ially  in  the  iieighlKturhootl  wl  the  lesser  cur- 
vature, but  no  trare  of  l»Iue  in  the  glamls.  Tliis  ex|>eriment  miglit, 
at  first  sii^fit*  he  taken  as  imlieathig  that  tlie  hydioc  hlnrie  aeid  is  tirst 
set  fl*ee  on  the  stomach  itself,  and  iw  nnt  fta'Uied  in  tlie  celts  of  the 
gaatrjc  glandn.  Suc^h  a  cnuclusion  wmdd  he  unwarranted.  What  the 
experiment  does  tea  eh  is  that  //hvv^  i^  no  turtfrnifinNon  af  ffnd  in  th* 
i^Jl%  but  tliat  tlie  acid  as  rapidly  as  it  is  furnu'fl  is  thmwn  <iut  nf  the 
cells  as  a  sec*retion. 

Brueke-  tried  to  Holve  the  same  itroMcm  by  exiposing  the  st<uoncli  of 
an  animal  in  whieb  digestion  was  aetively  going  on,  and  carefully 
removing  all  hut  the  mncfjus  coat;  both  in  the  ]»igerui  and  in  the  ntbliit 
tbe  reaction  of  the  exposed  mucous  layer  U)  litmus  paper  wms  fouml  to 
be  faintly  alkahne  or  very  faintly  arid,  practinilly  neidral,  but  01^ 
testing  the  inner  .surfaee  of  tlie  muctnis  membntne  it  was,  as  usual, 
intensely  acitl.  This  again  is  an  expi-riment  wliielu  bad  it  given  a 
positive  result,  would  Imve  shown  cnuclusively  that  the  aeid  w^as 
necreted  by  the  glaml-cells :  but.  giving  as  it  <liil  a  d<uihtfid  or  negative 
result,  it  teaches  little,  an^l  liy  no  nutans  ]proves  the  statement  that 
the  acid  i.s  not  bunied  in  the  glamls  but  in  the  stomneh.  In  cutting 
into  the  stoniacli  wall  in  this  manner,  sources  of  jilkali  me  tajtjM'd 
in  the  small  blood  veswt^ls  ami  lymi'b  spaces  which  arc  eapiilde  irf 
Buyjplying  more  than  suftirient  nlkali  to  neutralise  iiny  ;ieiti  iti  the 
gland  lumina. 

Briicke  himself  was  not  8a tisfied  with  (his  ex]»erinseul,  and  alt;icked 
the  pritldem  by  am»tlicr  uietliod,  wfiich  gave  him  results  fr<uu  wbkh  he 
coucluderl  tliat  tlie  acid  is  ir*rd]y  fnruied  h\  the  glands,  and  nol  lu  the 
f»t-'»Diaeh  cavity.  In  birds,  the  gustric  glands  are  er)m]Mmn(l  glands 
fornnng  llask-shapd  liodiea  hu^ge  eu^Kvjb  to  be  easily  seen  without 
magnification.  These  eonipound  glimls  possess  also  a  tlask-shapetl 
cnvity  conimunieating  with  the  stoijKieh  cnvity  l»y  a  c(tui]saratively 
narrtiw  duct,  fntt*  this  central  cuvity  of  tlie  gland  the  sctaetinn  passes. 
Briicke  took  the  secreting  stouiMf  h  of  n  fuwl  whii  h  InmI  been  killed 
during  digestion,  washed  it  out  w  ilh  miigncsiii  susju'iirleil  in  water  to 
neutralise  the  free  aeid  on  the  surfaee  of  thi^  nnirfkus  uiembrane,  and 
sought   out   one   of    the  aiiHveHlescrilMMl    glands   filled   with    si'crctiou. 

*  "Ijeroiin  sMf  !(*»  propm'tt'f  pliy^i <•!.,''  Paris.  18.'>I*,  vol,  ii 

'  SitzHnffsfK  ti.    k.    Jhf^L  d.    fri'<'<rjr.f'f(.,  Wim,    IsfiSi,    [id,    xxxvii.  ;     '  VnrIo,'iimfrpn," 
Aiafi.  4,  m,  I  S.  30e. 
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This  he  cut  across,  a  il  tested  the  reactj<«i  of  the  fiuiil  in  its  mvity.  He 
found  it  as  Htroiiglv  aeitl  as  the  E=iecretioii  inmilc  tlie  atomaeh  cavity. 
This  experiment  iriay  Lie  tiikeii  to  show  iliat  tlie  acid  m  eeereWd  in  the 
glands,  but  is  eoiitiiiiially  being  carried  away  hj  the  stream  of  eeeretioti. 
It  might  be  objected  igainst  this  ex]>eriiiient»  timt  tlie  tluid  in  the  cavity 
of  the  compciiind  glaticl  js  in  coinuinnication  witli  the  stomach  canity 
and  is  acid  by  rtaisiYii  uf  adndxture,  but  the  comniinileatbig  duet  \b  Um 
small  to  make  thit^  iirolialile;  iiiinenver,  there  must  be  a  coutinual 
stream  flowing  duri;  g  secretion  in  tbe  uppnmte  directirin  from  glainl 
cavity  to  stomach  cavity.  That  the  j^flajid  cavity  is  not  pa^Bively  filled 
with  secretion  from  the  general  Htoinaeli  ciivit}*,  is  ako  sliown  by  the 
fact  that  some  of  these  gbnids  are  BwoUen  out  with  secretion  while 
others  are  emjity.  It  may  be  taken,  then,  tlint  the  gastric  Juice  is  acid 
as  secreted  hy  tbe  gland-eel  Is,  and  dues  nut  tirst  become  acid  in  tlie 
stomach. 

Such  observations  as  have  been  made  in  order  to  ascertain  wheth€?r 
the  border  cells  yield  an  acid  rejiction  have  not  been  BUccessfuL 
Though  the  mass  of  evidence  is  very  greatly  in  favour  of  t!ie  view  tliat 
the  border  ccILh  are  the  oritrin  of  the  ueid  of  the  juice,  there  are  not 
wanting  those  who  deny  it  entnely,  (.'oidejean  ^  oliserved,  as  \\m\ 
previously  been  sliown  I*y  l^nigleyr  that  the  atoniacb  cells  of  the  froj^, 
although  they  secrete  aeid,  also  serrete  peiisin.  But  a  more  remarkable 
statement  is  that  tbe  ]iyhjrus  cells  secrete  an  acid  juice.  Tliis  ib  bu 
much  at  variaiu^e  with  the  results  of  tbe  majority  of  investigations^  that 
it  cannot  be  accepted  as  correct.  If  it  were  true,  a  t*<aielusi%'e  i>roof 
would  be  furnislied  against  tbe  view  that  tlic  bi^rder  cells  imginate  tbe 
acid. 

As  regar<lH  tbt?  functions  nf  the  tliiVcrent  regions  nf  tlie  stomach,  it 
may  be  statc^d  tbrd  the  fmuluf?  and  the  greater  curvature  form  in  most 
animals  pep^il^  liydrorliluric  a^  id.  and  oiber  f*nnstituents  nf  the  L^-^^tr|f 
juice.  But  considerable  discussion  has  taken  place  as  to  the  functional 
importance  of  the  pyloric  region.  That  an  extract  can  be  made  from 
the  pyloric  region  contiiining  pepsin  is  generally  agi^eed,  but  such  an 
extract,  in  comparison  with  one  prepared  from  the  rest  of  the  stomach, 
has  very  small  digestive  value.  Langley,^  in  one  experiment  on  the 
mucous  mendjrane  of  the  mole,  found  that  if  tlie  digestive  power  of 
the  pyloric  region  be  taken  as  1,  that  of  the  fundus  would  be  73. 
What  then  is  the  source  r)f  tbe  jjepsin  that  can  be  obtained  from 
the  pyloric  mucous  membrane  ?  Is  it  pejisin  formed  by  the  gland 
cells  in  the  pyloric  region,  or  is  it  absorbed  i>epsin  tliat  has 
passed  with  the  absorbed  food  into  the  mucous  meiubrane  of  this 
region  ? 

Wassmann  '-^  and  v.  Wittich  *  have  held  that  tbe  pepsin  was  merely 
infdtrated  pe])sin,  and  Wassmann  stilted  that  it  was  removable  by 
repeated  wasliiug  with  water.  On  the  other  hand,  Ebstein  and 
Grtitzner^  found  that  washing  the  mucous  membrane  of  the  pylorus 
causes  but  a  very  slow^  loss  of  pepsin.     If,  then,  the  cells  of  the  mucous 

*  "Contiiltiition  a  retude  <le  la  physiologic  de  restoiimo,"  Ceutralbl.  f.  Physiol., 
Leipzig  u.  Wion,  1892. 

-  Proc.  Poll.  Sor.  London,  1881,  No.  212. 

^  "  De  digestione  noniuiUa,"  nerolini,  1839. 

**  "  Ucbor  die  Pepsinwiikung  dor  Pylorusdriiseii,"  Arch.f.d.  (jes.  Physiol. ,  Bonn,  1873, 
r>d.  vii. 

^  "  Ueber  den  Ort  der  Pepsinbilduiig  in  Magon,"  ibid.,  1S72,  Hd.  vi. 
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membrane  absorb  and  fix  pepsin,  they  fix  it  in  a  somewhat  stable 
eombinati(jn.  Such  absorption  woiM  he  roTnpiaral>le  to  tliat  whicli,  as 
V.  Wittieh  ]H»iiite(l  out,  tibrin  exerts  when  pIhilhI  in  a  t^lyceriii  Hohition 
tif  jiepf^in,  the  til*nn  nqritlly  absorlting  tlie  pepsin  sn  as  tinally  t**  render 
the  glycerin  sohitiHii  inert  The  ](ei»sin  wo  alif?(jrhe{|  eaii  only  be 
recovered  by  treatment  with  hydroehlorie  aeid  anti  not  liy  extraction 
witli  water.  Finally,  Klemenaiewit!/!  ^  antl,  later,  Ht!i<lenlmin  -  have 
idulated  jxjrtkmri  of  the  pyloric  iLiue<nis  membrane,  and  ol (.served  thn 
secretion  thereliy  obtajnetl  But  in  Kleiuensiewiez^s  experiments  tlio 
se^rretion  was  so  mixed  with  almnrmal  Huids,  sucli  a,s  pus,  that  tlie 
observations  cannot  he  rt^jjarded  a.s  an  index  nf  tlie  nnrnud  state  of  its 
C20iQp< »sitn »n.  In  Heiilenhain^s  id»servalitjiis  this  ihlliculty  wa.s  avoided 
by  the  mloplion  of  antiseptic  iirecautioMs.  He  obtametl  a  secretion 
aLkalLne  in  reaction,  viscous  in  character,  rich  in  pepsin  nnd  rennet 
ferment.  With  hydroeldiuic  acid  0*1  per  cent,  it  di^^esteil  tibrin  very 
euer^fetieally,  and  caused  milk  to  cli*l  in  abtpul  a  ([uarler  of  an  hour. 
B*>tii  Kleniensie%vicz  and  Hcidenhiiin  insist  on  the  stmnj^^  pri>ieolytic 
fKJwers  uf  tlie  secretion  ;  the  furnier  even  Ktates  that  it  digests  hhrin  as 
rajJidly  as  the  juice  from  the  luueous  juemlirane  of  the  fundus.  Tliere 
is  then  a  certain  amount  of  dis|»arity  between  tlie  results  r»f  extracting 
the  mucous  membrane  witii  Viuiuus  fluiils,  ami  testinj^^  tlie  ]ir*Henlytic 
powei'^  of  the  extracts  and  those  id>t4tineil  by  ol>.servin^  the  jteptic 
strength  of  tlie  juice  secreted  by  mi  isohUed  portion  of  the  ]»vloric 
region  of  the  stomach.  We  nnist  therefore  a.sk  w  hirh  furnish(\s  us  with 
the  l>eat  criterion  of  the  normal  aciivity  of  the  jivloric  mucous 
Uiembrane  /  liy  extracting  with  hydrochloric  acid  a  large  propurtiou  of 
the  iX2[min  present  in  the  nutcnus  memlaane  can  ultimately  be  reuiovetl 
But  Khig^  Huils  that,  in  mder  to  obtain  all  tlie  pepsin  frout  the  pyloric 
mucous  membrane,  it  is  necessary  to  niake  at  least  three  sui/^'t^i-sive 
extracts  with  hydrochhaic  acid,  eacli  one  of  the  duration  i>f  twenty-four 
hours.  The  first  extract  shows  little  or  no  jieptic  activity;  the  second  and 
third,  niiU'ked  activity.  He  n.scribes  tlie  change  of  activity  to  the  ]a'u- 
bability  that  the  large  anuMuit  of  prntcid  jui'seut  prevents  tlie  ucid  from 
separating  the  {>epsiu  frou^  its  pruteid  rom[>oumls.  Ihit  this  fiitrcrrnce 
iii  not  found  with  the  fundus,  and  it  is  sona'what  dilhcult  to  uuik^rstand 
why  it  should  be  nmre  ea.sy  to  extract  the  pepsin  l>y  acid  fn>m  the 
fundus  glantls  than  the  |iyloric.  We  may  regaixl  it  therefore  as 
prubiibly  true  that  re]>eated  extracts  furnish  us  with  a  ci»nsiileral>h^ 
amount  of  the  pepsin  <tiaainable.  On  tlie  fither  hnn<b  it  may  be  askr^d 
huw  far  the  juit*es  secreted  into  artificially  isolaleil  |>orti<ms  of  pyhuic 
mucous  meudimne  are  to  lie  rejjjnrdcd  as  normal  i  It  seems  that  in 
Heideuhains  ease  there  was  an  alisence  of  inllauimatnry  couditions. 
Hut  it  must  lie  noticed  tliat  tlie  oj»eration  ]»erfiuiued  invidved  very 
couBiderable  interference  with  the  nerve  supply  to  that  portiini  of  the 
mucous  membrane.  The  muir>ns  membrane  was  ]U'ol>ably,  tlu'refore,  to 
some  degi'ee  in  an  sdaiormal  rondititai.  Nevertheless,  the  fact  that 
proteolytic  |>owers  were  shown  could  not  he  ex]ihnued  by  reason  of 
such  an  aluiormal  state:  they  must  probahly  be  indicative  of  normal 
secretion.  It  seema  im]«ossible  that  any  "  infiltrated  *'  ]a^j(sin  could 
produce  the  enduring  efiect  in  the  ijccretiou  mjticed  by  lleidenhain.  and 

1  f^,  tit,  -  Op.  ci/. 

' '*  I'Dtcrsucli.    aiift  (leiii    <iL'ljifte    der    MtitSfinvrdiUuiig/^     Umjar,    Arch.    J,    Jfed., 
Witr«h«den,  1894,  M.  ni. 
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it  may  be  regarded  as  established  that  the  pyloric  glands  do  secrete 
pepsin. 

The  results  of  experiments  that  have  been  made  to  ascertain 
whether  pepsin  or  pepsinogen  is  contained  in  saUne  extracts  of  the 
pyloric  mncous  membrane,  lead  to  the  conclusion  that  pepsinogen 
may  be  present.  The  fact  that  the  amount  of  pepsin  obtainable  from 
the  pyloric  mucous  membrane  is  increased  rather  than  diminished  ^  as 
digestion  advances  is  susceptible  of  one  of  two  explanations.  It  may 
be  that  during  digestion  the  intracellular  formation  is  more  rapid  than 
the  secretion,  and  thus  an  absolute  increase  in  the  pepsin  contents  of 
the  cells  occurs.  Or  it  may  be  that  in  course  of  absorption  of  certain 
products  of  digestion  by  the  pyloric  mucous  membrane,  a  certain 
amount  of  pepsin  becomes  "infiltrated"  in  the  membrane.  At  any 
rate,  there  is  something  fundamentally  different  in  this  respect  between 
the  secretion  of  pepsin  at  the  pyloric  end  of  the  stomach  and  in 
the  fundus  glands,  for  in  the  latter  the  amount  of  pepsin  decreases 
as  digestion  advances,  whilst  in  the  former  there  is  an  increase.  Nor 
is  there  any  evident  change  in  the  histological  appearance  of  the  pyloric 
cells  corresponding  to  a  secretory  process.  It  is  probable,  as  Langley 
lias  suggested,  that  the  precursor  of  pepsin  ("  mesostate,"  as  it  may  con- 
veniently l)e  called)  is  not  so  highly  specialised  as  in  the  fundus  glands ; 
or  there  may  l)e  a  series  of  mesostates,  the  more  highly  developed 
splitting  off  the  enzyme  earlier  than  the  more  lowly.  The  observations 
of  Klug,  whieli  are  confirmatory  of  the  much  older  observ'^ations  of 
Briicke,  tliat  a  series  of  hydrochloric  acid  extracts  will  continue  to  show 
proteolytic  powers,  suggests  that  there  are  several  mesostates  of 
different  grades  coexistent  in  the  cell.  It  is,  moreover,  possible  that 
only  in  tlie  most  liighly  specialised  mesostates  does  the  condition  of 
secretory  granules  obtain.  From  all  this  it  ap])ears  probable  that  the 
formation  of  pepsin  is  a  subsidiary  function  of  the  pyloric  mucous 
membrane,  and  that  it  yet  remains  to  be  discovered  whether  the  cells 
of  tlie  pylorif  ii;la7id8  ])ossess  other  more  important  functions. 

The  methods  of  obtaining  gastric  juice.— The  older  observers 
ol)tained  .saiii])les  of  gastric  juice  by  causing  animals  to  swallow  hollow 
])ei'f(>i'at(Ml  l);ills,  containing  pieces  of  sponge.  In  this  way  Reaumur,' 
St(nens,*'  and  Spallanzani  *  obtained  a  fiuid  which  caused  meat  to 
hfconic  (liLr(\^tt'(l,  and  which  was  marked  by  antiseptic  properties. 
Tiedonianii  and  (Imelin*''  made  fasting  animals  swallow  pebbles,  which, 
actincr  as  nH^dianifal  irritants,  ])ermitted  a  certain  quantity  of  gastric 
juice  to  1m'  socicted,  and  this  was  ol)tained  l)y  killing  the  animals  shortly 
aflcrwaiMls.  ' 

l)Oauiii<)iit  liad  under  ol)servation  in  1822  a  man  who  had  a  gun-shot 
wound  in  the  left  side.  There  resulted  from  this  a  permanent  fistula 
into  tlic  .stoiiiacji.  A  valve,  formed  of  the  mucous  membrane,  became 
establislicd  over  the  opening,  and  on  de])ressing  this,  introducing  a 
tul)(\  and  tinning  the  man  on  his  left  side,  a  tlow  of  gastric  juice  was 
obtained. 

^  See  (JiutziK'i's  cliart  (Fig.  1 1).  in  the  seetioii  on  tlie  variations  in  eonipo«;ition  of  f^strie 
juice  (hiririf,'  <h\r<'stioii. 

-  "Siir  l.i  digestion, ■'  Ulst.  Acad.  nni.  <1 .  sr.  d,-  ( rari.<).  17:)2. 

'■  "  De  ;iliin<-nt(»nnii  conc-oetione,"  E<lin.,  1877. 

•*  '*  Kxperieneos  sur  la  digestion  de  I'lionnne  t-t  de  diff.'rentes  cspeees  d'animanx." 
(ieneVL-.  17S3. 
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Since  this  time  many  other  cases  of  gastrin  listtila  in  tho  human  Knh]iet:t 
have  been  under  oliservation.^  In  1842,  Bassow-  and  Ulondlot  simnltaneonNly 
introduced  the  method  of  ohtaining  gastric  juice  by  an  artificial  hstida  in  an 
anmial,  and  this  method  was  further  developed  by  Heidenhain/'  whi>  intrtHluced 
mntiseptic  precautions  int^^i  the  operation. 

Heidenhain  also  sueceeded  in  so  developiit^^  Klemensiewicz's  method  of 
isolating  one  portion  of  the  ^stomach  from  ttie  rest,  that  it  was  pusfjible  to  keep 
the  animals  under  protracted  ohi^er\'ation  in  this  condition.  In  making  the 
iDcisions  for  the  operatiun,  Heiilenhain  niterbied  as  little  as  p<i8,sihle  with 
the  more  important  hlood  vei^^eis,  but  lie  apf^arently  produced  sonn?  disturb- 
ance a^  far  as  the  connections  of  the  main  nerves  of  the  .sloniaeh  were 
ooncemed. 

Pawlow^s  ^  method  of  isolating  by  operation  a  portion  of  the  stomaclij 
retained  the  advantages  of  that  of  Heidenhain,  while  keeping  unini^vaired 
the  nerve  distribution  to  the  i^olated  portinn. 

The  influence  of  the  nervous  system  on  gastric  secretion,— 
The  stoinarb  18  su])plie<l  witli  twd  sets  iA  iiervo-libres,  ll  rtdiro-spinal 
aiid8}T(i|^itlietir.  Tiie  va^i  constitute  the  eertdiro-spinal  ^otjinid  branthea 
from  the  solar  plexus  tlif*  Bvinpatbetie,  Tlw  filues  of  the  va^^d  are  ahnoHt 
entirely  non-niedullated  in  their  eoui-se  over  tlie  Bttmiueh.  Plexuses 
formed  by  these  nerves  lie  Ivetweeii  the  inuseuhir  and  in  tbe  submucous 
coats.  The  nerve-fibres  are  distributed  to  the  museuhir  tinsue,  to  the 
blood  vessels,  and  to  the  niucous  uiendtniue,  and  filauierds  have  lieen 
traced  to  tenninal  arboris;itiuns  betwerui  and  in  rlosi^  enutael  with  the 
cells  of  the  gastrie  ^latids/^ 

Many  have  attempted  to  olitaiu  indieatioiis  of  the  nature  uf  the 
impnlseH  piiB8in|t  ahjn^  tliese  nerves  by  artiheial  simulation, 

Eutheiford^  cut  the  vagi  during  digestir»n,and  found  that  the  mucous 
membrane  became  ]>aler.  If  tfie  peripbond  ends  weie  stinndated,  no 
regular  etfert  resulted:  if  tbo  central  cuds  wen*  stinndiilod,  tbe  niuenus 
membrane  l*ecame  redder.  After  division  of  Ixftb  vagi,  {q^jiarenlly 
normal  gastric  juiee  was  still  secreted.  Futherford  also  found  that 
normal  .secretion  occurred  after  division  f>f  the  sphinchnicw.  Tbe  ell'eet 
on  the  bhiod  Bujjply  of  stimulation  of  the  central  end  of  the  \agus  was, 
presumably,  brought  about  by  impulses  jiassing  to  the  inodnlla  o!*Iongata. 
inhibiting  the  aotion  of  tbe  \asomolnr  (entre   tberL\  and  resulting  in 

*  The  follcn^-iii^'  h  a  Hnt  of  the  prineii>Al  o^scrvatitmH  on  gftj^tric  listulii'  ni  juoa  :— 
H^lm,  "  Zwei  I\rankengeM*hirtiten/'  Wir-n.  Is0:l;  Hiiirk<^'K  **  Vnrlf^nuif:,"'!!/'  lid.  i.  S, 
300;  Beaumont  (lS2:'j-Ji;V1,  **  Kx[»erimpnt8  anrl  Olj^rrvfitionH  on  the  Kjistri*'  Juirc  and  thr 
PhTsiolo^v  of  DiMc^tif>a/'  rt|irinteil  froni  the  Phittsljiirpb  r'litJon,  witit  n^'t^  .s  hv  Amlrew 
Coml^,  M.rx,  lylinluirgli,  18:iS  ;  W,  RuberUin,  \^'A  ;  V.  S^luiiidt,  Dis,s..  Dt.ipuit,  1.H61  ; 
A-mn,  iL  Chi'tn.,  1854,  Bil.  Nrtt. ;  Kretrsnliv,  J'fftrt'nk  it.  d,  Forhrhr,  d,  Thhr-Chfvi,, 
Wi€«bad^?n,  inre,  lid.  vi.  S.  173  ;  rfrdmann',  ihitf,^,  ls77,  Bd,  vij.  S.  27a  ;  Rirhet.  **  l.e  mil* 
g*»tTique/'  Taris  1878. 

*  Tlic  following'  y  a  list  of  the  nmre  nnjMvit^uit  kIpsi  rvuHons  on  pi.strii'  firntnlii-  in 
jininiaU : — Ba*iRo\v%  HiiU.  Soc,  imp,  ti.  anf.  fh  J/fn.fr'r/j/,  ls|_\  tunip  xvj. ;  l^londlr^t,  '"Trnin' 
AD«ljtique  de  k  digestion,'' Nancy  et  Paris,  IH-l'i:  IWilelf  ben,  Arrh.  f.  phif.siof,  Jht/J,\, 
8tang$tt,  184J*,  Bd.  viii. ;  BiddtT  u,  Schmidt,  "  Diy  Vtrdaaini«;ssnrtt'V  Lii\r/\y^,  18;"i2  ; 
Holingnfn,  Jmhresk  U.  d,  LtUUmfj,  .».«/.  iits,  Mrd,^  Ueilipi,  18t;r>,  lid.  i. ;  Siliilf,  "  Leemjs 
max  U  physiologie  dv  la  diji^eHtion,"  Parin  aud  lirrlln  1h<>7,  Bd,  i,  S,  15  :  KU  nicnsjewurx, 
3Um»m§illi.  d,  k.  AkfuL  d.  JFisscjiJ^df,,  Wien,  lS7r>,  lid.  lx\i,;  l\inimi,  Jiffircab  H,  d. 
Forixhr.d.  ThUrCh^m.,  Wiesbaden,  1878,  lid.  viii.  8.  H+'l :  Hcidndjuiii,  Arrh.  f.  drifts. 
FhynOJ.,  Bonn,  1878,  Bd.  xviii.  S.  Hj9  ;  1878,  Bd.  xtjf.  8.  IIH  ;  llemianii'.s  '*  IlmidlHiHi.  ' 
Lpfnng,  1881,  Bd,  v.  S.  107, 

*  *' Anl^Kimg  von  Maxenlbteln,"  HcrnmnnV  **  f  Jundlntcli,  '  beip)!i|^,  1881,  Pd,  v.  TIi.  1. 

*  Tlie  details  of  tins  niethoil  aredescriljeri  hyChi^eliin.  InllnJ^^  Diss.,  8t,  PetPishnrf;,  181*  J. 

*  Kjtinanov,  Jjifemat.  MmmUchr,  f.  Anat.  tf.  JitimoL^  Lei|»:fg»  1890,  vuL  xtii.  |i.  <'i"2 

*  Tiuns,  Jif/if.  Soc.  £din.,  1870,  vol,  xxvi. 
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efferent  impulses,  dilator  in  character,  [mssing  along  the  symixithetic  to 
the  mucous  membrane. 

That  impulses  passing  along  the  vagi  influence  the  movement  of  the 
stomach,  and  possibly  by  that  means  to  some  extent  the  secretion,  haa 
been  shown  l)y  several  ol)servers. 

(roltz^  exposed  the  stomach  and  oesophagus  of  two  curarised  frogs, 
and,  after  suspending  them,  drop])ed  into  their  mouths  salt  solution.  One, 
however,  had  had  the  l)rain  and  spinal  cord  destroyed.  After  a  time  it 
was  found  that  in  the  complete  animal  the  stomach  and  oesophagus  were 
widely  distended,  whilst  in  the  pithed  frog  they  were  empty.  The  latter 
result  occurred  e([ually  well  if  the  vagi  only  w^ere  cut.  Stimulation  of 
the  va^i  peripherally  caused  only  slight  contractions.  The  explanation 
given  by  (Joltz  of  this  result  is  that  the  stomach  walls  presumably 
contain  a  loc^al  mechanism  which,  under  the  conditicms  in  vvliich  the 
animals  were,  would  have  undergone  stimulation.  The  result  of  this 
would  have  been  peristaltic  contraction,  causing  the  fluid  to  be  passed  on 
into  the  intestine.  But  ordinarily  this  is  controlled  by  efferent  impulses 
passing  from  higher  centres  along  the  vagi.  If  the  controlling  influence 
is  destroyed,  there  results  an  exaggerated  action  of  these  centres.  Goltz 
was  disj)ose(l  to  regard  this  local  mechanism  as  of  a  ganglionic  nature. 

In  connection  with  this  question,  it  may  be  stated  that  Openchowski  ^  has 
described  tlie  existence  of  special  nerve-plexuses  with  ganglionic  cells,  both  at 
the  cardia  and  at  the  pylorus.  He  considers  that  the  opening  and  closing  of 
these  passages  are  to  be  referred  to  the  direct  influence  of  these  ganglia,  though 
these  again  are  under  the  control  of  the  central  nervous  system.  Openchowski 
describes  a  centre  for  the  contraction  of  the  cardia  situat<?d  in  the  posterior 
corpora  quadrigcmina,  and  connected  with  the  stomach  mainly  by  the  vagi.  A 
centre  for  the  opening  of  the  cardiac  orifice  lies  in  the  Imsal  ganglia,  and 
communicates  witli  the  stomach  by  means  of  the  vagus.  There  are  also 
su])sidiarv  centres  in  the  spinal  cord  influencing  dilatation  of  the  cardiac 
oritice.  In  the  same  regicms  are  centres  influencing  movements  of  the  pylorus 
and  the  intermediate  walls  of  the  stomach.  Openchowski  emphasises  the 
antagonism  hctwcen  the  movements  of  the  cardia  and  the  pylorus  ;  such  nervous 
imimlscs  as  pmcccd  down  the  vagus  and  dilate  the  cardiac  orifice  simulUnieously 
close  the  pylorus. 

As  ivgards  the  more  direct  influence  of  ini])ulses  ])r(»ceeding  along 
the  vairi  u])(»n  s(;eretion  in  the  stoniaeh,  for  a  long  time  the  greatest 
uncertainly  ]nevaile(l,  and  it  was  held  that  in  general  sueh  impulses  did 
not  (liriH'tly  atl'eel  secretion,  but  merely  indirectly,  through  promoiin<^ 
nioveiiieuts  of  the  stomach  walls.  Heideidiain  ^  has  suggested  that,  as 
meehanical  initation  ])roduced  secretion  from  the  digestive  glands  in  the 
plant  Ih'u^i  iv^  so  the  direct  irritation  of  food  in  the  stomach  might 
stimulate  the  uastric  e])itheliuin.  There  has  existed  for  a  hmg  time, 
howe\-er,  iudirect  (^\id(uice  of  a  flow  of  j^astric  juice  resulting  from 
])sycjiical  conditions.  iJidder  and  Scliinidt  ^  noticed,  as  early  as  1  Sr>li,  that 
the  sight  of  food  in  a  gastrostoniised  d(>g  ri^sulted  in  an  abn(U-mal  flow  ot 
gastric  juice.  To  obviate  any  jjossibility  of  swallowed  saliva  causing 
this  result,  which   saliva   it  was  known  could  be  secreted  as  the   con- 

'  "Studii.n  iiltor  die  r.i\v«';,Mmg  von  Speiscrnliio  iind  Maj^^'ii  d.  Fioscln',"  Arch.  f.  J. 
tj^s.  riii/itiol.,  Pxtim,  1^72,  I'd.  vi. 

-  '•  I'cImm-  d'u;  utv\'v>on  VniTiclituiigcii  d«'s  M.igfiis,"  ('ridmlhl.  /'.  PJttjsiol.^  Leipzig  u. 
Wifn    l^Sn.  lid.  iii. 
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sequence  of  pm-hk-al  fi>ii(litioiis,  cnsophageal  fistula?  were  iiuitle,  and  the 
nlira  was  prevontLMl  t'rnm  jmHsiii^  into  \.\m  sttauaclL 

In  Ricliet's '  (>bservati<ju«  on  a  iHiimiii  wuliject,  who,  }>y  swallnwin^^  a 
caustic  alkali  Jiad  reinJered  the  n  s«iphat^iiH  iiiijmssjilile,  and  in  wlairji  c-un- 
sequentlv  it  hail  heet*ine  necessary  to  make  an  opening  into  the  sttmmch, 
It  was  observed  that  chewing  f^ivoniy  foud,  none  of  which  iJtiased  into 
the  stamach,  pre  winced  a  copions  flow  of  gaRtric  jnice.  It  was  not 
jjossihle  in  these  eaweR  to  nbsohitely  assc/rt  thnt  this  rcsidteil  fiitni 
nenons  intlnenee  acting  directly  on  tlie  Hecieting  c]»iLhcliunj,  for  move* 
nients  iif  the  stomach  lOiiy  liave  hronght  about  the  flow,  but  the  quan- 
tity secreted  suggested  a  direct  lu^rvtnis  inthiem'e.  Tliat  there  ih  such 
a  direct  nervous  inliuence  has  been  concluHively  pniverl  by  Pawlow,^ 
in  conjunction  with  Sclioumow-Simanowsky.  Their  experiments  were 
loade  on  tXti*^^  whicli  had  hail  a  iiortinn  lA  the  stomach  isolated  in  the 
mamier  already  tlescribed,  cjire  lieiiig  taken  that  the  nervous  comu'ctiona 
were  intact.  In  addition,  tire  o'so]iliagus  was  se[>arated,  the  cut  en<ls 
being  attached  to  openings  in  tiie  neck,  su  that  swallnwed  fuoil  |»assed 
uiit  at  one  opening,  and,  through  the  other,  food  wliicli  it  was  desired 
shoald  enter  the  stonmcli  could  be  passed  in.  It  was  ]>(isHiltle,  therefcae, 
to  bring  the  animal  un<ler  the  intlueuce  of  fond  in  three  ways.  In  the 
first  place,  it  might  be  shown  fnod,  but  the  fond  wnuld  n<«t  be  actually 
introduced  into  the  stoniat  1 1.  This  c«nistitnted  tlu'  so^aded  *' t^syclucal 
feeding/'^  Secondly,  tlie  fuiinial  luight  he  fed  liy  t!ie  uioiitb,  but  utaie 
of  the  food  aUnwed  to  enter  the  stotiiacli,  since  it  would  make  its  exit 
at  the  a'srijiluigenl  opening.  Tins  was  dcscrilnnl  ns  '*  pseudo-feeding" 
(Scheinfutterung).  Hiirdly;  by  the  introduction  of  fiMHl  into  tbt*  lower 
division  of  tin?  ii'snjibagus,  true  fci-ditig  was  rfirried  on.  The  results 
varie^l  according  to  the  ructhod  adopted.  The  hilcnt  iferii^b  or  period 
elapsing  after  administration  before  se<'retion  c*)mnienees,  is  in  tlu'  dog 
alM^^ut  seven  minutes.  This  does  not  vary  much  whether  it  be  a  case  <jf 
l^ychical,  pseudo-,  or  true  feeding.  The  latter  oourscj  of  seeretit>n  shows, 
however,  considerable  variations.  This  was  iho  first  |>oiul:  established 
by  Paw  low. 

He  next  attempted  to  *hHcovc!  the  jiaths  of  the  nervous  iuij^rlses 
bringing  ahonfc  these  chnnges.  Suction  of  th*'  s|jhinchnii's  did  not 
attect  the  results,  but  after  severing  both  vagi  the  rellex  secretion 
was  absent  With  one  vagus  cut  (tlie  right),  tlie  aniiual  wns  found  to 
res|K>nd  in  the  usual  way.  I-fitcr  the  left  vtigus  was  diviih^d  without 
amesthesia.  The  animals  live  for  a  few  days  in  this  ct>rulition,  but 
(hiring  this  time  nn  retlex  seeretiou  ot curs.  Frohi  this  it  was  eoncbideil 
that  the  iiupidses  constituting  the  eflerent  ]»ortio]i  of  tlie  rellex  act  pass 
along  the  vagi.  But  mme  positive  results  in  this  connection  were 
obtained  by  Pawlow  by  stimulating  the  ijeri]>heral  ends  of  the  cut  vagi. 
If,  gome  twenty-fiuir  hours  after  the  s(M"oud  setliou.  the  cut  eml  be  stimu- 
lated,—and  it  is  better  to  do  this  by  a]>] dying  indnctit^n  shoe  ks  at  the 
rate  of  oju*  ]ku*  second,  ratlnu^  tluni   by  using  I  he  lafjidly  inteiruiited 

*  '*  Lp  sue  ga^tii^ut?  die/  riiominf^  il  lew  iiniriiaiix/'  IVuHh,  187S. 

'  "Die  Innervatirm  der  Mu^i^iitlrUseri  bfim  Miiridi,"  Arch.  f.  PhtjuioL,  hv]\my^,  ISPi'. 

'Though  the  exhJliitiou  «f  Jbixl  tc»  tlio  dutf^  \\\\\v\i  liad  lu'ou  opemtf^l  on  in  tlio  iimnncr 
riescribed  above,  pvukod  a  H<»w  of  ^antrir^jiih  o,  jl,  liMni  jir<vioiiK  ^-xin'iii^uct',  tlip  df^;^  was  leil 
10  uoderstAiid  that  tlie  foo^l  Hoidd  iii>t  artuidly  W  )iSm}\,  tin'  .stH'Vrtiuji  very  J*oiin  stopjM'<l. 
it  niiij  bo  TiietitiuiKMl  tliat  H<  ifleidmin  iJId  iii>t  ]>^f|]]iuly  uhtnin  i\.  tlou  as  tlic  t^'sult  (tf 
showing  the  aiduml  food,  utid  thin  siijif^ftslH  tlmt  Ids  iiK-tb^Hl  invoh-cd  iiitLilt  ri  iicc  witli  the 
oerroiu  tracts. 
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current, — thero  rea  1^^  a  iluw  of  gastrio  juice.  A  certain  interval  cwxiura 
before  the  secretion  ia  manifest,  whicli  i^  to  be  referre*!  to  ehanges 
actually  takinjic  place  in  the  epithelium  of  the  gtomach.  The  chamcler 
of  the  secretion  varies  according  to  the  stage  of  the  digestive  act  and  ibe 
nature  of  the  food,     rhis  will  he  a^^ain  refeiTed  to  in  a  later  i5ection. 

It  must  be  nientioj  ed  that  some  observers  have  not  had  the  erame  suc*ceift 
in  showing  tlio  secret  *y  importance  of  the  vagus  nerve.  Tliat  certam  differ- 
ences are  pert'eptible  in  consequence  of  it^^  excitation,  they  admit,  but  they 
refer  the  variations  rather  t*j  the  altered  power  ui  musicular  contracUon 
possessed  by  the  stomach.  Thus  Leubuacher  ami  St^hiifer^  experimented 
both  upon  rablnt.s  and  dogs,  performing  the  operations  according  Ui  Pawlow^* 
method.  They  frequently  used  a  control  animal  for  precistion  in  estiniflttng 
the  change.  As  far  a^i  variations  in  tlie  amount  of  hydrochloric  acid  were 
concerned,  they  ^nme  to  the  conclusion  that  there  was  no  constant  differeiice. 
The  stomach  they  foimd  invariably  relaxed,  and  the  food  introduced  within 
was,  after  a  prolonged  interval,  found  U\  he  arranged  in  two  zone?,  one  against 
the  walls  of  the  stomach,  whicli  wa.^  well  digested  and  i^ontfiined  hydrochloric 
acid  in  normal  amount,  that  or^cupying  the  centre  of  the  vixens  Ijeing  po«"»r  in 
acid  and  rapidly  becomirig  decom|M>sed.  As  far  as  ^stimulation  of  the  periijheral 
stump  of  the  ^-agus  was  eon«^erned,  they  did  not  obtain  constant  re.?ults,  but 
they  appear  to  have  adopted  tliti  rapidly  interrupted  cnrrent  rather  than  the 
induction  shocks  at  prolonged  intervals  used  by  Pawlow.  That  the  food  was 
not  perfectly  mixed,  m  obvious  from  their  experiments.  This  will  proliably 
explain  the  decomposition  ocsnuTing  ■  this  cliange  was  noticed  also  by  Pi*wiow  to 
come  on  a  few  *lays  after  section  of  both  va;;!.  It  is,  however,  to  bi  noted  that 
they  were  unnble  to  confirm  the  paFisage  of  secretory  impuke.'?  along  the  vagus* 

There  exists  one  observation  upon  the  human  being  from  wbich  it  seems 
that  stimulation  of  the  vagus  may  cauj^c  a  flow  of  gastrii^  jui^^e.  Regnard  and 
Loye^  stimul'itrd  the  vn;.nis  in  a  derapitated  iriminal  sr-mp  frirty-five  minutes 
after  death.  Numerous  drops  of  gastric  juice  appeared  over  the  surface  of  the 
stomach.  This  may  also,  however,  have  been  the  result  of  movements  of  the 
stomach,  which  they  observed  at  the  same  time  to  occur. 

The  conditions  under  which  local  stimulation  provokes  secre- 
tion.— As  already  stated,  it  has  l)een  held  by  many  that  simple 
mechanical  irritation  of  the  mucous  membrane  will  directly  produce  a 
flow  of  gastric  juice.  Beaumont^  showed  that  mechanical  irritation  of 
the  mucous  membrane  caused  increased  vascidarity  and  the  appearance 
of  small  drops  of  gastric  juice,  and  he  further  pointed  out  that  the  effect 
is  confined  to  the  irritated  locality,  and  that  the  amount  of  juice  secreted 
is  small  in  quantity.  Tiedemann  and  Gmelin,*  Heidenhain,^  and 
others  also  state  that  the  secretion  is  limited.  Pawlow*  states  that 
the  amount  secreted  is  practically  nothing,  when  indigestible  substances 
such  as  pehljles  are  placed  in  the  stomach.  It  may  therefore  be 
regarded  as  probal)ly  true  that  any  secretion  produced  by  simple 
mechanical  ii-ritation  is  extremely  small,  and  the  existence  of  this  slight 
secretion  in  no  way  suggests  that  the  normal  secretion  can  be  looked 
upon  as  the  result,  to  any  great  extent,  of  such  stimulation.  On  the 
other  hand,  stinndation  by  food,  even  if  solid,  is  much  more  ettectual. 

^  **Uobor  flio  Br'zieluingen  des  Nervus  Vagiis  zar  Salzsiiure-socretion  des  Magenscbleini- 
haut,"  Ccntralhl.  f.  inncre  Med.,  Leipzig,  1894,  Bd.  xv. 

-  "Rocliorrhes  faitos  a  Amiens  sur  les  restcs  d'lin  snpplicie,''  Compt.  rend.  Soc.  de  hiof.. 
Paris,  1887. 

3  Oj).  eit.  *  Op.  at.  •'  Areh.f.  d.  (jex.  Physiol.,  Bonn,  187P,  Bd.  xix. 

^  Address  at  St.  Petersburg.     Reported  in  Brit.  Med.  Jonrn.,  London,  1895. 
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Heideiihaiii  found  that  following  a  latent  period  of  Bome  fifteen  nuiiutes 
aft^r  placing  food  in  the  organ,  the  stomaeh  commenced  to  secrete  gastric 
juice.  This  delay  heyond  tlie  iuter\'al  observed  in  l*aw!*>\v  8  exj>erinient8 
WJia  presimiahly  due  to  a  certain  iinnanit  of  injury  ti>  the  nervoua 
connections.  If  indigeBtihle  HiihstanccH  were  jsvvallnwed,  tlte  ^ecreliun 
was  much  longer  delayed.  Tlie  c^jnclusjun  wliich  Jleiilfiihidn  arrived 
at  was  that  certiiin  priKluctEs  uf  digestion  when  aUsurhed  stimulate  the 
flow  of  giistric  juice.  The  question  tlien  arif^s,  What  are  these  productH 
ol  digestion,  and  by  what  paths  are  they  aljsorhed  i  Are  the  Ciaiipletely 
digested  foodstuIVs  (that  is  to  say,  completely  digested  as  far  as  gastric 
digestion  is  concerned)  passed  on  to  the  intestijie  and  there  alfsorbed, 
or  are  they  directly  absorbed  in  the  stomacli  't 

As  regards  the  change  undergone  by  diHc-rent  proteids  \s\\%\\  suliject 
to  gastric  digestion,  there  is  reasrju  to  believe  that  the  stage  readied 
in  the  stomach  is  not  a  final    one,  sonie  furtlier  change  taking  place 
in  the    duoileninn,  and  that    the   ainuunt   of    peptone    formed    in    the 
»t(imac!i    may   not    be    large,  the   ]Ut>teose   stage    being,    lo   a    great 
extent,    the    tinal   stage    of   gastric   digestion.       If   this   is   so,   and    if 
the  secretion    from   the   gastric   mucous   membrane   is    intluenced    by 
absorbed    peptones,  it   must    be   intiuenced    by    peptones   absorbed    in 
tie  small    intestine.       On    the   other   hand,   we   are    unable    to  state 
'ietinitely    to    what   extent  the   intermetliate   results    of   the    digestion 
«f  proteids  are  absorbed  in  the  stomach.     As  regards  the  c^n  liohyilrate 
/oodstuifs,    V,   tiering  ^   has   shnwn  thai   sugars   are   absorbed    Ifv   the 
Stomach.       If    it    is  absLirbed    digestive    products    tliat    provoke    the 
»«;retiou,  is  it  a  specific  proiluct  or  products  thiit  cuuse  tliis  to  occur,  or 
is   it   a   common  characteristic    of   all  f      Chischin^  has  attenqited    to 
answer    this  (|nestion.      He  liuds   that   feeding  a  dog  (which   has  hail 
^^    portion  of  its  stomach  isolaled   after  the  manner  of  I'iiwluw)  witli 
^iifierent   varieties  of   food,  results   in   very   ihilerent   cliaraclers  being 
^liowB  by  tire  secreted  juice  durijig    tlie  course   *>f   digestion,  and    he 
l^enc«   infei-s   that   there   must   be   some   specific  stimulus   tjr   stimuli 
ixxfluencing  the  secretion,     Tlie  diHbrent  stdtstnnccs  were  administered 
ixi  such  a  manner  as  to  avoid  the  *'  psychical  "  inlhience  on  the  secretitai. 
The  administration  of  distilled   water,  gastric  juice,  ur  siuiple   hydro- 
chloric acid,  caused  but  little  cbiUigc.     Egg-jdlauoin,  sugar  and  starch 
wjhuion,  were  tested  with  the  same  negative  results.      The  Euhinnistia- 
tion  of  |>eptone,  however,  resultcfl  in  a  pronnunced  secretiiui.     Chischin 
considers  tliat  peptone  was  not  oid\'  able  to  cause  the  gastric  nuicous 
membrane  to  become  active,  but  also  tn  sustain  it  in  activity.      If  egg- 
albumin  be  adnnnistered  so  as  to  evnke  the  ]»sycliica1  influcuce,  a  well- 
marked  and  sustained  secretinn  resulted,     diischin  accnrdingly  exjdains 
the  usual  process  of  secretion  as  occurring  in  the  f<dlowing  manner: — At 
the  time  of  taking  food  the  first  How  of  gastric  jiuce  is  determined  by 
the  reflex  psychical  influences  involved  in  taking  food.      The  digested 
pruteids  are  able  later  to  evuke   a   secretion,   at   a    time    ]ircsuniiibly 
when  the  p>sychic^l  intiuent^e  begins  tn  w:ine. 

According  to  these  experiments,  then,  we  uiay  assmue  that  small 
quantities  of  peptone  may  be  nonually  toniicil    in  the  sti»mach,  and, 

'  "Ueber  die  Function  iIcs  AlaK^'iis,"  VfifhamlL  d.  Vt*nff.  f.   inutir  MaL^  Wiisbadcn, 

1603.  '    ^ 

-  Inau^.  Diss, J  8t  ?et('rabur|i(,  1894,  Ri-porlni  in  Juhttsh.  a.  (L  Forfsthr.  d.  Thkr- 
Vh4m.^  \Vie«bad«iit,  Bd,  xxv. 
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becoming  ahsorlj  i^htire^  in  Home  way  iutlueui^e  fclie  epithelium  ewi  tlial 
secretion  I'tiaults,  he  exact  ct»ume  uf  tliis  ahsf.irptioii  m  n  inaLtcr  ^jf 
some  difficult  J  as  j  ;  aa  the?  aecretdvy  tjpitheliuni  ia  c/mcenit^d,  hut  it  is 
yet  more  (Ufticiilt  t^  compreht^inl  hnw  [K^iit<*ne  ahs(>rl)eti  ami  ehauj^tnl  in 
the  intestinal  wall  ^huuld  inlhiciK-e  sec^retion  in  the  stmiiaclL  If,  a^ 
SchifF^  long  ago  Bugs  e^tt^d,  Lheah^^inptinu  of  these  pruduet^  alHadd  a^^i^t 
in  building  tip  the  precur^ia'  of  jjejjBin,  we  coiikl  more  easily  Ki^t*  the 
importancL^  of  thes  producta  pasaiug  to  the  secieting  f^ells.  Schiff^ 
however,  eniphiii^ifie  dextiin  as  heing  pre-eiuineiitly  a  *' iJepl»»genoii^" 
substance.     Ckiiichiii  finds  that  it  does  imt  e\oke  secretion. 

The  conditions  of  formation  of  the  ferments  of  the  gastric  juice. 
— («)  The  condilfom  uf  (he  fonnatkm-  of  pi'pxm.—As  previously  men* 
tioned,  Briieke-  had  noticed  tliat  the  ]tepsin  i>reBent  in  the  gastric 
mucous  niendirane  was  not  yiekleil  entirely  to  one  extraction,  and 
Ebstein  aiid  (initxner^  pointed  out  that  the  ]K*ptie  activity  dei)€nded 
considerably  uprm  tlie  iiianner  in  which  an  extract  was  prepare*!.  An 
extract  made  by  treating  the  gastric  ujucouk  nie'udjrane  with  hvflro- 
chloric  acid  way  much  nmre  i»oweriul  than  one  i»htained  hy  suhjecting 
the  mucous  niembraue  tn  the  actiun  of  glycerin.  That  which  wan  not 
extracted  hy  glycerin,  EliHteiu  mid  Griitzuer  regarded  m  a  cum|>ound 
of  pepsin  with  the  pmtcid  matter  of  the  cclb,  this  eompomul  jieJding 
pepsin  on  wubjeetiou  to  the  intluenee  nf  acid,  tn'  to  the  action  of  «fxliimi 
chloride.  Scliilt**  had  also  remarked,  that  if  a  dihiLe  aeirl  Ijc  added  to 
the  stomach  aiid  left  fcir  sonu^  we<.*ks,  the  extnict  Iteeomes  gradually 
richer  in  pujitie  activity.  ScliiH*  accounted  fnr  this  l>y  assuming  the 
existence  uf  n  ]jreeursor  of  jjepsin  in  tlie  eells  of  the  muc^ais  membrane, 
which  gradually  Ijecame  converted  into  pepsin  by  the  acid.  This  he 
called  irropcimn.  In  both  cases  the  observers  were  dealing  undoubtedly 
with  some  substance  which  yielded  pepsin,  and  to  this  substance  the 
name  pepsinogen  has  since  been  applied.  Ebstein 's  and  Griitzner's 
test  for  the  existence  of  this  substance  was  the  fact  that  it  was  not 
dissolved  l)v  glycerin  as  was  pepsin,  and  yet  would  yield  pepsin  on 
treatment  with  acid.  But  it  was  soon  found  that  there  were  difficulties 
in  ditterentiating  pepsin  from  its  precursor  in  this  manner.  Von  Wittich  * 
pointed  out  that  when  fibrin  is  placed  in  a  glycerin  extract  of  pepsin, 
the  tilu'in  absorbs  the  pepsin,  and  will  only  yield  it  again  to  fresh  treat- 
ment with  acid.  Ebstein  and  Griitzner^  further  showed  that  even 
coagulated  egg-albumm  would  do  this.  Thence  it  followed  that  the 
proteids  of  the  gastric  mucous  membrane  might  fix  the  pepsin,  and  that 
a  glycerin  extract  of  the  mucous  membrane  might  be  an  extract  of  such 
])epsin  as  was  not  fixed  by  the  proteids.  It  was  necessary,  therefore,  to 
find  some  more  definite  test  of  the  presence  of  pepsinogen.  This  was 
supplied  by  Langley,"  who  found  that  sodium  carbonate  had  a  power- 
fully destructive  etlect  on  pepsin,  but  a  much  less  marked  action  on 
certain  extracts  of  the  nnicous  mend>rane  from  which  pepsin  coidd  be 
derived.  These  extracts,  therefore,  were  held  to  contain  the  zymogen. 
He  also  inferred  that  the  gastric  glands  contained  the  ferment  in  the 
zymogen    state,  as  they   did    not   contain  any   appreciable  amount   of 

'  •*  Le(;oiis8ur  la  i»hy.siologie  de  la  digestion,"  1S67,  tome  ii. 
-'  *'  \'oile.siingeii,"  1874. 

^  Arch.f.  d.  qcs.  Physiol.,  Honn,  1874,  Bd.  viii.  *  Ibid.,  1877. 

•'  Ibid.,  1872.  IM.  V.';  1873,  Hfl.  vii.  «  Op.  cit. 

''  "The  Histology  of  the  Mammalian  Gjistrie  Glands,  and  the  Relation  of  the  Pepsin 
to  the  Granules  of  the  Chief  Cells,"'  Journ.  Physiol.^  Cambridge  and  London,  1882,  vol.  iii. 
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jje^Ksin^  hut  wnirld  yit^d  the  stuiie  under  approprintu  tieatineiit.      The 
difiureutiatiuii  uf    the   uiie    fruui    the  other  wus    fiirtlRU"   advuiired    l>y 
Langley  aiul   Edkiim.*       They  cnnliiiried    tlje  nlkservatiui!,  that  alkahes 
aad  ulkuhMf  sultn  raiiidly  <lest!'rty  pepsin.     The  coiHhtitjiis  iidliieueiu^ 
the   rate   uf   ilentriK^titkU  hy  Ho(huMi   e-arhmiate   were    ftmnd   t(*  he   the 
fitrcngth  nf  tiie  auUitioii  wi  the  alkahiie  Siilt,  the  tiiite  during  \vhi(*h  it  is 
allowed  to  act,  the  teiiipemture  nf  the  luLxtvu^e,  and  finally  the  amount 
of    proteid.s    present.     By  mere    ueutraliHatiuu   nf  an   aeid  solutifin    of 
pep.sin,  M  cnnsiderahlp  amnuiit  might  he  destroyed.      If  eijual  vnlunies  of 
an  extract  ♦>f  ]>epsin  and  t>f  a  1   ]ier  rent,  sulutiou  nf  siKhum  t  arltnnate 
were  mixed,  in   tiiteeu  weonids  as  much  an  {\1  \hix  eent.  (tf  the  jiepsin 
might  he  destroyed.     The  greater  the  amount  i>f  proteid  present^  the 
greiiter  the  amount  of  j^odium  earlionate  necessary  to  c^u-se  destrueiion. 
The  ditterenee  hetween  pepsin  and  jiepsinngen  in  their  hehaviour  v\ith 
difiereut   reagents   m  merely  one  of   tlegree.     l^epsinogen  Is  destroyed 
also  hy  alkalies,  bnt  tlie  destriM'tifni  is  so  slow  as  eomi*ared  with  that  of 
|>epsin,  that  tliis  reaetiun  fnnnslies  a  useful   niet!md  nf  distint^uishing 
the   one    from    the  (ither.     v'^inee    the   acpieous   extract   of    the  gastric 
mucoiiB   memhrane  ^>f  a    fasting   animal   loses   hut  very   little  i>eptic 
jxiwer  iin  brief  treatment  with  1  per  eent.  sodium  earlx)nate,  it  follows 
that  j>ej>siuogen,  hut  little  or  no  [>epsin,  is  present  in  the  gjiatric  glandfi 
in   hunger.     .Si-hifl' stateil  that  *' prn]iepsin  "  %vas  slowly  i-on verted  mto 
true    pepsin.      T^ingley   and    Edkins    fountl    that    tlie   conversion    of 
pepsinogen  into  pepsin   is  one  of  great   rapidity.     All  the  pepsinogen 
present  in   an   ai[ueiuis   extract   of  a  cat's  gasti'ic  mucmis  niemhraue 
may  be  converted  into  pepsin  hy  treatment  with  1  per  cent,  hydro- 
chloric  acid    in    sixty  secontls.       With   refereiu*e    to    the  point  as  to 
whether  pepsin  is  jueseut  in  the  gland  cells  during  digestif ai,  no  definite 
result  WHS    arrive*  1    at.       Pepsin    can    l)e    olvtaijied    from    the    gastric 
mucoiis  memhrane  of  an  auiuuil  in  digestion,  lait  not  invariably,  and 
euch  as  is  fiuuid  may  have  been  produced  by  the  acid  in  the  lumen  of 
the  tul»e.s  aft'eeting  the  pepsinogen  in  the  contiguous  chief  cells.     In  the 
^phagus  of  the  frog,  where  im  acid    is  secreted,  Init  only    ferment, 
injection  of  eonnnereial   peptone  causes  no  accumuhition  of  pepsin  in 
^ie  gland  cells.     Carlionic  acid  destroys  pepsinogen  more  rapidly  than 
P^J>ain:  hnl  if  only  a  small  tpiautity  of  peptone  is  present,  there  is 
/^^eticully  no  deBtruction,     Finally » it  is  observed  tliat  l)Oth  pepsin  and 
/J^psinogen  are  rapidly  destroyed  on  heating  to  a  tem]ierature  of  55*^- 

(  h)  TIbC  romiUi4}nsoJ/urmiUwn  vfnnnin  (rntufi-J'frmvjtf), — An  enxyme 
^^hicj^h  ha.s  the  property  ai  causutg  milk  or  the  separated  caseinogen 
^*    1^ undergo  crjagulatiuu,  is  found  in  the  stomachs  of  almost  all  aiumals. 

X'eganls  the  secretion  uf  rennin,  there  is  an  important  resend dance 
t^>iat  of  Jiepsin,  inasmucli  as,  in  the  case  of  the  former,  there  is  a 
^'^^^i?  ursor  of  the  actual  ferment  existent  in  the  gkntls  of  the  stomach 
liicjrb  has  the  power,  under  the  intlnence  (4  acid,  of  producing  the 
^^^-'V^e  enzyme.  It  was  in  the  case  iif  tbe  renniu  that  it  first  was 
*i*>x%rii  that  many  of  the  ferments  <»f  the  alimentary  canal  have  a 
r***^»gen  stage*     Hammarsten,''^  in  187li,  jxHuted    mit    that  the  gttstric 

i^ds  of  many  animals  ctmtt^in  rennet-zynnigen,  luit  do  not  contain 
ksii't^et.ferjnent      The    zymogens    of    i)epsin    and    trypsin    were    not 

**Pej>sin  Aud  Pqwiuogeii/'  Jt/urn.  Physiol.  ^  Cambntlgu  ami  I,oTjflofi,  1886^  vv],  vii. 
'   */(tJirc»b.  Q,  d.  Ff^rimkr.  d.  TAifr-tVwin.,  WieslKH-Wn,  1972. 
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described  till  some  years  later.  Langley  ^  showed  that  the  method  of 
separating  pepsin  from  pepsinogen  was  applicable  also  to  the  renuin, 
since  rennet-ferment  was  destroyed  by  sodium  carbonate,  whilst  rennet- 
zymogen  is  ati'ected  much  less  powerfully.  Hammai^sten  has  also  shown 
that  the  amount  of  rennet-ferment  that  can  be  extracted  from  the 
cardiac  end  of  the  stomach  is  proportionally  much  greater  than  that 
obtainable  from  the  pyloric  mucous  membrane.  Griitzner*  has  shown 
that  in  the  gastric  glands  of  the  dog,  the  rennet-ferment  diminishes  in 
amount  during  digestion,  and  that  the  amount  of  diminution  nins 
parallel  to  that  of  pepsin.  It  seems  that  where  pepshi  is  greatest  in 
([uantity,  there  also  is  rennet-ferment  most  abundant,  and  it  seems 
probable  that  the  granules  of  the  chief  cells  contain  the  zymogens  both 
of  rennet-feruient  and  pepsm.  We  cannot  say  whether  the  gi^anules  are  of 
one  kind  or  wliether  there  are  separate  forms  of  granules  for  the  separate 
ferments.  But  though  in  general  the  zymogen  of  the  rennet-ferment, 
and  not  the  actual  ferment,  is  existent  in  the  gastric  cells,  yet  in 
some  cases,  c.(j.  the  calf  and  sheep,  the   zymr»gen  is  presumably  in  a 
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Fl(;.44. — Thr  tij^iircs  at  the  abscissa*  on  the  base  line  refer  to  the 
number  i>t'  hours  ehii)se<l  since  the  hist  meal.  The  length  of  the 
ordinates  indicates  the  amount  of  pepsin  yiehlcd  at  any  time.  F  is 
tlie  reconl  of  variation  in  the  fundus  mucous  membrane,  P  of 
variation  in  the  pyloric  mucous  membrane. — After  Giiitzner. 

much  less  still )lc  condition,  for  a  watery  extract  of  tlie  stomach  of 
these  animals  yields  rennet-ferment  in  large  (jiiantities.  As  regards 
the  diri'eieiitiation  of  the  rennet-ferment  from  the  proteolytic,  they  can 
l)e  sei>aiat(.Ml  from  one  another  by  chemic<il  means,  although  we  have 
no  moipholot^ncil  signs  of  their  distinction.  Ilammarsten's  method  of 
separating-  the  two  ferments  chemically  depends  upon  the  fact  that 
the  gradual  ad<lition  of  lead  acetate  precipitates  the  pepsin  sooner  than 
the  rennin." 

The  variations  in  the  amount  and  composition  of  gastric  juice 
during  the  course  of  digestion. — The  amount  of  pepsin  that  can  be 
extracted  from  the  mucous  membrane  has  l)een  estimated  by  Griitzner."* 
lie  com[)are(l  conriirrenlly  that  ol>tained  from  the  fundus  with  that 
yielded  by  the  ]»yl(>ric  reunon.  in  the  above  chart  (Fig.  44),  which  sho\vs 
tlie  chief  vaiialion  during  the  lapse  of  some  houis  after  a  meal,  the  most 

'  "On  tlif  Dt^tiiution  of  the  Ferments  of  tlie  Alimentary  Canal,"  Journ,  Physiol.. 
Cambrid^'c  and  London,  l>h'2,  vol.  iii. 

-  Arrh.  f.  <L  'j'S.  Phj/^iuL,  lionii.  1878,  lid.  xvi. 

••  Til.'  conditions  t>{'  formation  of  tlic  hydrochloric  acid  of  the  gastric  juice  are  treated 

.,f  ill   :.    T.t.'r.diii"  Mitirlc  ^<,..'  nil-    r^.'.l    rf.  .'<rfr'\ 
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wtrikinie  feature  is  the  almeiu'e  uf  coincidence  between  the  pepsin  con- 
tenU  of  the  pyloric  and  the  ftuidus  region  \\\  the  Htomacli. 

In  geneml,  it  may  be  piinted  out  that  ttie  niaxijnal  yield  i>f  pepsin 
from  the  pyloric  region  is  at  the  8<nne  interval  after  ingestion  of  food  as 
marks  the  inininjal  yield  of  pepsin  from  the  finiduH. 

A  great  niuuber  of  ubHervatioiis  have  been  ilireeted  to  estimntiD^f  the 
aeiility  of  the  contents  of  the  Btomach  at  different  intervals  after  a  meal 
has  been  taken,  (lastrir  juice  connnences  to  l»e  Hecreted  almost  as  soon 
ii8  suitable  foud  enters  the  Htumaeh.  Ym  a  time  tlie  acid  juice  merely 
neutralises  the  alkalinity  iA  tlie  l\>\.n\  and  saliva,  and  the  hydrocldoric 
acid  combines  with  various  food  substances,  so  that  free  hydrochloric 
Acid  does  n«»t  (►crur  till  after  an  appreciable  interval.  Von  den  Velden  ^ 
I^tate8  that  free  liyilrochloric  acid 

not  be  detetrteil  nntil  three- 
quart<?rs  of  an  hour  after  a  meal 
iis  taken.  Kichet^  states  that  in 
the  Imman  stomach  tlie  acidity 
adually  increases  durinjjj  diges- 
ion,  and  that  it  is  apiMirently 
independent  of  the  (quantity  of 
fluid    taken.       Towards   the   end 

■  of  digestion  he  fnuls  that  the 
tc»t4il  acidity  of  the  stomach  con- 
tents may  be  further  increased, 
but  this  is  to  be  referred  to  the 
proiluction  of  organic  acids  by 
the  dea>m position  of  the  foinh 
He  also  p lints  out  that  the  feebler 

I  the  activity  of  the  juice,  the 
greater  the  anumnt  of  organic 
acid  liberate*!.  Cliischiu's  ^  observations  give  precise  detaOs  of  the  coui'se 
of  digestion  with  dilicrent  foods.  The  anuexeti  diagram  (Fig.  45)  shows 
the  Course  of  the  production  of  hyilrochloriL'  acid  in  an  isolated  portion 
of  the  fundus,  when  the  anim^d  was  fed  with  n\ixed  forid,  c^jmjmsing 
mUk,  rueatj  and  bread.  The  animal  did  not  undergo  the  **  psycbical '^ 
stimulation  of  the  food,  or  the  maximal  yiercentage  of  hydrochloric  acid 
would  probably  have  been  in  tlie  lirst  hour,  instead  of  in  the  second  or 
third.  If  meat  alone  be  given  to  such  an  animal  under  similar  conditions, 
the  maximal  acidity  occurs  in  the  first  hour.  Witli  nuxed  food  the  digest- 
ive power  averages  35  nna.  (Mette*8  methotl  of  estimation  l>y  columns 
of  coagulated  egg-white) :  *  with  simply  meat  fV>od,  ab<ait  4  mm.  With 
bre^ul  alone  as  food»  the  din  at  ion  of  secretion  was  found  to  be  more 
protracted,  but  the  digestive  strength  w^as  mncli  greater,  varying  between 
5*22  mm.  and  7'56  mm.  The  digestive  power  was  very  marked  in  the 
first  liour,  increased  further  in  tlie  second  liour,  and  remained  high  l)oth 
in  the  third  and  fourtfi  hours.  With  milk,  the  conrse  of  secretion  is 
much  more  iiregular.  The  digestive  power  is  moderately  lugh  at  first, 
but  sinks,  after  the  first  hour,  about  one-half.  It  remains  at  tliis 
atrengtb  for  the  third  and  fourth  hours,  but  in  the  tiftb  hour  increases 
again  Uy  the  original  strength,  and  ma}',  in  the  sLxth  hour,  even  go 

*  **Zur   Lelii-e   von  diT   Wirkimg  flea    MiiwJHjit'itihoU  irn  M»gcn,*'  Zt-Bchr.  /.  pkysiol. 
Ch€fn.,  Straasbufg,  187i>,  vol,  iii. 

^  Op,  cU,  "  f/p.  cU.  *  For  Mt"tte*s  mctliod,  S6C  p,  325. 
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finw  in  hours  after  food  is  taken 

Fic,  45. — Chftii;  whnwiiig  acidity  of  gjistrie 
jiLiite  jiltoi  feeding  witli  inixctl  fowl  (300 
v,v.  milk,  f*0  giniH.  nieiit,  ami  f»0  gitii."*, 
wliiti?  l>re;irl}.  The  ELuinml  was  nut  sub- 
jectQil  to  the  "  psycbical  stiiimlation  "  of 
the  foixi. 
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beyond  this.  In  another  series  of  experiments  the  animals  were  fed 
with  peptone  (Chapoteaiix).  This,  according  to  Chischin,  was  equivalent 
to  reviewing  the  later  stages  of  digestion,  from  the  time  when  peptone 
began  to  be  formed  in  any  quantity  in  the  stomach.  The  noticeable 
point  about  the  results  in  these  last  cases  is,  that  there  is  presented  a 
great  contrast  to  feeding  with  such  a  primary  proteid  as  egg-albumin. 
With  peptone,  the  juice  becomes  secreted  in  large  quantities  at  once, 
its  acidity  is  high,  and  its  digestive  power  well  marked. 

It  is  obvious,  therefore,  that  the  nature  of  the  food  has  an  important 
influence  on  the  course  and  nature  of  the  secretion.  This  has  been 
drawn  attention  to  by  Khigine,^  who  classes  the  different  foods 
mentioned  above  in  different  orders.  He  has  also  pointed  out  that  the 
amount  of  juice  secreted  is  not  necessarily  proportional  to  its  acidity 
or  its  digestive  power.  These,  again,  are  not  necessarily  proportional 
to  eacli  other,  as  is  shown  in  the  case  of  bread  as  food,  when  a  low 
acidity  in  the  secreted  juice  is  shown,  but  a  high  degree  of  peptic 
power ;  wliercas  with  milk  a  high  degree  of  acidity  is  shown,  but  a  much 
lower  degree  of  digestive  power.  Finally,  the  duration  of  the  digestive 
process  is  out  of  all  relation  to  the  strength  of  the  secreted  juice.  It  is 
impossible,  tlien,  to  draw  up  any  regular  scheme  of  the  course  of  digestion, 
excej)t  so  far  as  specific  foods  are  concerned,  observations  based  upon  the 
course  (^f  digestion  of  foods  mixed  in  arbitrary  proportions  being  of  but 
little  value. 

The  Mechanism  of  Pancreatic  Secretion. 

The  histological  appearances  of  the  different  secretory  condi- 
tions of  the  pancreas. — The  ])ancreas  consists  of  secretory  alveoli, 
between  wliieli  are  here  and  there  seen  masses  of  cells  of  a  different 
character,  «Tnd  having  no  connection  with  the  pro])er  secretory  channels 
of  the  |:,dan(l.  These  masses  of  cells  are  presumably  not  connected  with 
the  ordinary  processes  of  the  secretion  of  a  digestive  juice,  and  the  follow- 
ing account  will  tlierefore  be  confined  to  the  typical  secretory  alveoli. 

\\  a  small  portion  of  the  |>ancreas  of  an  animal  be  examined  in  the 
living  state,  it  will  he  found  to  consist  of  many  secretory  alveoli,  and 
these  secretoiy  alveoli  of  cells  contain  numlKM's  of  discrete  granules. 
It  is  generally  found  that  whatever  digestive  stage  the  animal  is  in,  there 
exists  an  outer  zone  in  the  alveolus  free  from  granules.  This  is  not, 
however,  invariably  the  case.  Ordinary  stains,  such  as  hiematoxylin 
and  carmine,  aie  foinid  to  colour  this  outer  zone  nioi-e  deeply  than  the 
rest.  This  is  in  conformity  with  the  usual  rule,  that  such  stains  do  not 
deeply  coloui-  the  secretory  gianules  of  cells,  oi*  the  substance  formed  by 
their  l)reaking  down.  If  the  cells  are  macerated  for  a  few  days  in 
neutral  annnoinum  chromate,  a  radial  fibrillation  is  revealed  ^  in  this 
outei"  zone.  Th(»  addition  of  water  to  the  fresh  gland  causes  the 
^raindes  to  disap])eai",  and  dilute  alkalies  ])roduce  this  result  even  more 
rapidly.  Acids,  either  mineral  or  oigaiiic,  cause  the  distinction  between 
tli(3  two  zones  to  he  lost,  the  whole  cell  ])ecoming  clear.  By  hardening 
the  gland  in  solutions  of  osmic  acid,  or  in  the  vapour  of  osmic  acid,  the 
granules  may  hi^  [)i'eseived. 

^  *'  l-^tii'les  sur  IVxcMtabilite  s('cr»'toiro    sjxx'ifKjuc  de   la  mnqueuse  (In  ranal  digestif" 
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Althougli,  ill  the  renting  ooiiditinn  cif  the  glaml,  an  outer  l*iinler  free 
\j\A\\  gninuleH  Is  evident,  this  iw  wtiU  ninre  iiiaiiift'st  in  tlie  exIiEiustcd 
Djuditiun.  Tlje  gnuiides  nmy  then  he  hh  reduced  in  iiuiuher  a8  tn  form 
sjoall  agtj^egutions  at  the  hnoinal  borders  only  of  tlie  cells. 

As  is  the  case  in  tlie  stnjnach,  there  i.s  leuwnn  to  heheve  that  tlie 
granules  are  coiieerned  with  the  Hpecilic  Heeretitjn  of  the  gland,  tlie 
amount  of  granules  detennirung  the  activity  f»f  an  extract. 

The  above  ileBcribed  changeH  in  tlie  cells  were  lirst  observed  in  the 
living  iMiicreas  of  the  rabbit  by  Kulnie  and  Sfierid^in  \j^i} 

Methods  of  obtaining  pancreatic  juice.  —The  methuds  that  have  bc«n 
adopted  to  prwure  a  supply  of  paniTt^atie  juire  involve  one  of  the  following 
procedures— (a)  Fixing  a  cLiiHiula  into  the  duct  of  Wirsuiig  ;  {/^}  opening  the 
diet  and  connecting  it  with  the  body  wall ;  {t*)  cutting  out  a  pii-ce  of  the 
intestine  in  which  the  pancreatic  duct  opens,  and  fixing  this  to  tin'  body 
waIL 

C.  Bernard  *  adopted  the  first  method,  fixing  a  silver  cannuhi  intu  the  duct. 
Heidenhain '^  introduced  antiJ^eptit'  preeaution^  into  the  n|>eration.  He  made 
M  incision  in  the  linea  alba  mitlway  between  tlie  xijthoid  process  antl  the 
umbilicus.  The  duodenum  wan  drawn  out  through  the  opening  and  the  duct 
cwefiiUy  sought  for.  This  being  foun^l,  into  it  was  tied  a  glass  eannula 
of  about  G-i8  cms,  in  length.  Around  the  intestine  wore  j^laced  two 
tempiirary  ligatures,  keepinj^  the  gut  closely  applied  to  the  body  wall.  The 
upening  was  found  to  gradually  close,  allowing  simply  the  ciuiuula  to  pass 
ttuoogh.  The  second  method  wa8  adopted  by  Ludwig  with  W'cinraanu,'  and 
BerasteiEL^  They  found  and  opened  tlie  dtict  and  insertcil  a  piece  of  lead  wire, 
on  the  one  hand,  towards  the  i>apiHa  pancreatica  in  the  iluntlenuin,  the  other 
end  passing  np  to  the  glantl  .substance.  This  wire  did  not  fill  the  hmion,  and 
thu^the  flow  was  still  jjermitted.  The  tbinl  metliinl,  whit'h  i.-^  dui'  to  Heidi  nbaiii 
and  adopted  for  permanent  listulje,  consists  in  resecting  the  small  purtiuu  i>f  tlic 
intestine  which  contains  the  papilla  pancreatica,  and  jviininj.;  the  ends  of  the 
main  gut  above  and  below.  The  piece  of  intestine  is  slit  up,  the  mesenteric 
surface  is  attached  to  the  liody  wiiU,  and  thus  the  juice  can  be  olitained. 
P&wlow  varied  this  method  by  not  re.set;tin}.j  the  whole  tube  of  the  intestine. 
He  cut  out  a  quadrangular  piet^e,  including  the  pancreatic  papilbi,  ami  bgatnred 
tliis  into  the  body  wall. 

By  these  dilfereut  methods  natural  pancreatic  juice  may  1"^  obtained. 
After  a  time  the  juice  bccnnies  somewhat  alterctl;  it  retains,  leiwevcr,  iti* 
ferment  activity  in  a  marked  manner  througliout. 

The  influence  of  the  nervous  system  upon  pancreatic  secretion* 
—Our  knowleilge  has  lately  l>een  i'onsidcra}»ly  extended  in  respect  of 
tbe  precise  intluenee  of  nervous  iinjuiLses  n}iou  [Knicreaiie  secretion. 
Tlie  following  Htatements  sunuiiarisc  our  (  Inel  kuowletlge  \\\\  to  the 
most  recent  resti^irches  upon  thr»  subject.'^ 

L  After  division  of  the  nerves,  jnoceediiig  to  the  gland,  scnuetiou  is  .set 
up  and  apfiarently  inci-easeH.     This  was  atlirnieil  by  IJernsteiu/ 

2.  Secretion  can  he  set  \\\\  ]»y  stimulation  of  thi^  medulla  n!)If»ngnta, 
or,  if  already  in  jtrogress,  can  be  increased.^ 

3.  The  medulla  ohlnngiUa   must   nut  ln'  regartled  as  exclusively  the 

^VtrhawlL  d.  na/nrh.-mtd.  Vtr.  lu  It'itklberih  S.V.,  lid.  i. 

•  **Menioire  .^nr  le  iMiaerras  tt  siir  lit  t*Av  dii  anv  p.iti«  rt'atiquc/'  CmtipL  rtjuf.  Acwi,  d,  xc* 
PftTis,  1856, 

'Hermann's  "  Ilandlnidi,"'  Wh  v.  ^  ZtscJu\  f.  mt.  J/.^/.,  Uii.  iii. 

^  Ikr.  d,  i\  .tiiefis,  OfHdUch.  d.  HlmikirfK,  Leip/i;^^  lftH9. 

*Cf.  Heidc'ijhaiii,  Henimmra  '' Hatidbuili."  Bd.  v,  Abtlu  i,  ^  Op.  cit. 

'  Heidenhilio,  Arcft,/,  </,  grs,  PfajsioLf  Bfiniif  TST.'j. 
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centre  for  pancreatii  seci'^tion,  as,  after  ik  separation  frcHU  tlie  een  ical 
spinal  cord,  the  seer  tory  process  can  continue^  although  with  diniiiibheil 
intensity, 

4.  The  nerves  j  ooeeding  to  the  pancreas  do  not  seem  to  have  the 
same  direct  int^uenc  s  upon  the  secret  ion  that  the  nerves  to  the  salivar)' 
glands  possess. 

5.  Stinmlafcion  (  the  central  end  of  the  divided  vagus,  accrjrding  t<J 
Bernstein,^  or  of  se;  ^ory  nerves  in  general  {t.g.  cutaneous),  acc^irding  to 
Afanaesiew  and  Fallow*  itiay  inhihit  the  secii?tion,  provided  the  fian- 
creatic  nerves  are  iufeLct,  This,  Heidenliain  reganls  as  due  to  vasenlar 
changes. 

Pawlow®  found  that  the  adniinistnition  of  atropine  stui^jjed  the 
secretion  fiiequcntl}^.  lurfc  not  in  all  animals  {e.g.  in  dfjgi^  hnt  not  in 
rabbitf^),  and  Heidenliaiu  ol>served  that  the  achninistration  of  pilocarpine 
caused  a  sluggish  Hccretion  of  a  concentrated  juice. 

The  later  experiments  of  Pawlow  and  the  St.  Petei-shurg  schiiol  have 
greatl}^  ainplitied  our  knowledge  of  the  nervous  inilaeuc^.  In  rawh>ws 
further  researclies  he  observed  the  effects  of  nerve  stimulation  uix*u  d*>gs 
prepared  for  exj (crimen t  in  two  different  ways.  In  the  firfit  case  the 
dog  hail  a  |*ermanent  pancreatic  fistula  ]>repared,  one  vagus  in  the  neck 
was  alno  ilividcd.  The  stimulation  tif  the  ];ieri]»henil  stuiup  \A  the  vagus 
was  perfr>rnie(l  some  five  days  after  the  scctiiu),  at  a  time  when  eertain 
fibres  iu  the  vagus  liad '  ilegenerated.  In  the  second  case  the  vaguH  wan 
cut  thrrMigh  iu  the  neck,  and  after  three  or  four  days  the  aniTual  wan 
prepared  for  experiment  by  the  i>erfonnance  (jf  tiaclieotomy,  section  of 
the  spinal  cord  JuBt  below  the  medulla  oldongata,  and  the  preparation  of 
a  fresh  paucrc^jitic  fistula.  In  Initli  these  cases  stinndation  of  the  jieri- 
pheral  end  of  the  vagus  causes  secretion  from  the  {Mincxeas.  Moreover, 
stimulation  of  the  intact  vagus  ala^t  produces  this  result,  and  e%'©n  il 
neither  vagus  is  divided  a  more  or  less  pronounced  secretion  ensues. 
Certain  ditlerences  are  observable,  however,  between  the  general  effects  in 
the  two  cases.  In  the  first  case  more  secretion  was  produced,  this  being 
comparatively  watery  in  character  and  greatest  in  amount  at  the 
commencement  of  stimulation.  These  differences  are  probably  accounted 
for  l3y  the  general  low  blood  pressure  in  the  second  case.  The  pressure 
of  the  secretion  was  found  by  Pawlow  to  be  lower  than  the  corresponding 
blood  pressure,  and  it  w^as  noted  that  vagus  stinmlation  in  one  case  still 
caused  a  secretion,  although  the  blood  pressure  was  reduced  by  bleeding 
practically  to  nil.  Frequently  the  secretion  would  end  with  the  lowering 
of  the  blood  ])ressure,  but  nevertheless  the  one  exi)eriment  is  sufficient 
to  establish  the  indei)endence  of  the  secretion  of  the  blood  pressure. 
The  action  of  atropine  is  to  cause  a  marked  influence  on  the  effects 
of  nerve  stimulation,  though  complete  cessation  of  the  secretion  is  not 
produced.  Keflex  eflects  can  be  produced  on  the  secretion,  w^hich  do  not 
corres))ond  to  the  etiects  upon  the  blood  vessels.  Stimulation  of  the 
central  stump  of  tlie  lingual  or  of  the  vagus  nerve  will  produce  such  reflex 
effects.  If,  at  the  connnencement  of  the  expernnent,  either  no  secretion 
or  a  sliglit  secretion  occurs,  with  the  first  stinndation  of  sensorj'  nerves 
either  a  commencement  or  an  increase  of  the  secretion  results.  After 
the  stinndation  ceases  this  lessens.     If  after  the  first  stimulation  the 

'  Bt'T.  d.  k.  sacks.  Gcsdlsch.  iJ.  jrissaisch.,  Leipzig,  1869. 
-  Arch.  f.  (f.  fffs.  Physiol.,  Boini,  1878,  Bd.  xvi. 
^'  Arch./.  Physiol.,  Leipzig,  1893,  Supp.  Bd. 
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secretion   is   ntill   fairly  mnrkeil  a  further   Htiinulatioii  will   result  in 

inhiliitino  of  the  se<Tplion,  wliirli  inhilHtirin  emls  with  the  stiiiiulatinn 

.  provokijig  it.      Tlie  sjictntaneous  secretirni  that  is  Finine times  (iliserved 

ibeftire  the  exfjeriiuent  bepns,  is  Btypi>eil  by  cuttinf^  hnth  vagi,  ami  is 

Itherefore  due  to  iuqudses  proceeding  from  the  upper  portion  of  tlie 

IcervicHl  8{iiiml  eord  or  the  medulla  r^hlontjata.     Pawlow  also  points  out 

the  importaiiee  of  tlie  circulation  in  gcneml  for  the  secretion.     A  brief 

Itnppage  of  tlie  hlood  stream  caused  a  cesHJition  of  tlie  How,  anti  an 

emic  condition  of  the  gland  re8ultinj]j  from  reflex  nervous  inliuenee 

^caused   a   similar   cessation.      The  latent  jieriod  relapsing   l>efore   the 

secretion  resulting  from  stimulation  becomes  obvious,  is,  according  to 

l'awlow%  two  to  tliree  nuinitcs,  lud.  later  observers  sucli  as  Mette  ^  and 

Kudrewetzkv- reganl  it  an  somcwliat  longer,  namely,  from  four  to  six 

liuiiuteii.      Mette    in    adflitiun    found  tliat,  though    previous    observers 

Ij?wa8chew,  Heidenhain)  hail  stateil  that  tlie  i>i'oteolylic  ferment  failed 

the  pancreatic  juice  of  dogs  winch  had  fasted  five  or  six  days,  yet  it 

ras  pontimiously  obtahuible  by  stimulation  of   the  vagus.     Gottlieb^ 

lijiiHrnis  the  old  oljservation,  that  stimulation  of  the  divided  vagus  at  the 

sentral  cmi  causes  inhibition  of  the  secretion,  and  he  refers  this  result  to 

?neral  spasm  of  the  abdonnnal  bli*oil  vessels.     Another  contribution  to 

the  study  of  the  inhibitory  inHuences  on  the  pancreatic  secretion  has 

recently  been  made  liy  roiaclski.*     It  hail  been  previously  Jioticed  by 

Mette  and  Kudrewetzky  that  tlie  secretion  caused  by  stimulating  one 

ragiis   could    frequently    be    stopped    by  stinmlating   the  other  vagus. 

lenee  it  was  inferred   that  antagonistir  fibres  passed  in  these  nerves. 

Stininlatiou  of  such   fibres   nniy  bring  about  sometimes  a   lengthened 

ilent  period,  smaetimes  ttital  inhibition  of  the  How.     Mette  regarded 

|hts  as  due   to  the   existence  of  vaso-constrictor  fibres,  Kudrewetzky 

k)   the  presence   of  s{>eciiie  fiiuTs  inhiluting  the  seeretirm.      P(»pielski 

endeavoured  to  elucidate  this  point.     He  found  that  a  secretion  evoked 

\y  peripheral  stimulatiou  of  the  vagus  cmd*!  later,  !>y  a  refietition  of 

le  stimulation  of  the  satjie  nerve,  be  interrupted.      The  int^rruptitav 

tarte<l   some    seven   seciuids   after    tlie   stinndation    ctmuneneed,    and 

iftted   afj^jut  the  same  inteival  beyond    the    cessation   of   stinndation. 

rhiii  inhibition  also    follows  frxim  stimulation  of  the  other  vagus,  as 

revionsly   observed,  and    is  best   shown    when    the  exciting   cuneiii 

not    too    strong.       The   branch   of  the  vagus  wliich  lies  behind  the 

B8r»phagus    in   tlie   thm-acic  cavit)^  is  that  concerned  with  clianges  in 

he    secretory   activity   of   the    pancreas.      Dolinski^^   had    previously 

llieerved  that   the  introtluction  of  acids  into  the  duodenum  produces 

flow  of   pancreatic  juice  (see  next  sertion).      P(>pielski  made  use  of 

this  fact  to  see  how  far  the  secretion  tlius  ext-ited  could  be  inhibited 

fiy  neive  stimulation.  He  found  that  a  secretion  so  produced 
ras  inhibited  with  f^ejfect  regularity  by  stimulation  of  tlie  vagus. 
Ititnulation  of  the  vagus,  after  seci-etion  evoked  by  pilocarpine,  pro- 
Head  the  same  result,  Popielski  points  out  that  there  are  three 
mvB  in  which  inhibition  of  the  flow  of  j>anereatic  juice  can  be  brought 
hout— 

Bv  stimulation  of  vaso-constrictor  fibres. 


'  Arth.f.  Physioi.,  Leipssi^.  1894,  S\ipti,  Bd. 

^  Arch,/,  forper.  Path.  u.  PhammkoL,  Leifizig,  1805,  Bd»  xxxWL 

*CenlralhL/,  PhimoL,  Ldps^ig  11.  Wien,  ISPO,  Hd.  x. 

'  Arch,  tie  ac.  bioi^^  St.  IVUtabouig,  1896,  vol.  iiu 
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2.  By  cunstn  i  of  tlie  liiuien  of  the  duct,  i^e^ulliug  from  contrac- 
tion of  its  .siiioi^tii  juiiscle, 

3.  By  iiciinii  iif  fineeial  nerve- fibres  Lnhiliitiiig  seeretifirh 

The  first  liyjHithe  ua  is  iuipruluiUlL*,  siiiee  etinnilatioii  af  the  splanclmiea 
does  not  catKse  the  sa  ae  cefisatioii ;  and,  lurji-eover,  there  is  i^easoii  to  doubt 
the  existence  of  vaBr  -constrictor  tihues  in  the  vaguB*^ 

Tlie  secoml  hyj]  ^thesis  will  not  hold,  when  it  is  considered  iliat 
physostigniiiic  ^irodi  ^es  dnet  mnstriction,  hut  at  the  saint;  time  incieftfies 
the  secretion. 

Before  ovaiiiining  in  iletail  thti  third  siqjpotiitian,  ro]tielski  endenvoumil 
to  see  how  fnr  special  secretory  til>res  can  V)e  anatoiuically  istdat^^iL  If 
the  larger  luanches  of  the  vagi  1}  ing  cm  the  stomach,  or  those  hiunclies 
which  pass  inwards  tlic  liver,  he  divided,  gtinmlaticm  kA  the  vagus  han  tbt? 
same  influtMiee  upnn  pancreatic  secretion.  The  inipulBes  \wm  therefiirc 
along  some  of  the  finer  nerve  hmnehes  rniniing  in  the  Hnhsenum  cual 
towards  Uiu  ivvloric  regiim  of  the  stimiach.  If  tlie  duodenum  be  cut 
through  near  the  pylorua,  stiniuktion  of  tlie  vagim  has  n(»  effect.  If 
the  duodenum  he  cut  acrijas  lower  down,  tlie  vagus  effect  is  apxiart*nt. 
Stimulation  of  the  lower  cut  edge  of  the  duodeniun  in  the  Krst  mm^ 
provokes  secretion,  ami  if  the  niain  mass  i»f  nei  vcf!  passing  with  the  vein 
into  the  gland  he  stinnd;rtcd  (c^p^^^'ially  thnsc  lying  at  the  upjier  si<!e  of 
the  vein),  a  BecretiiUi  is  ev*jked  without  marked  latent  ^leriod,  anti 
uniform  hi  charaeter.  This  seeretion  is  inhibiterl  by  the  simuItaniMJUs 
stinmlation  of  the  vagnn  in  the  tlujracic  cavity.  The  inliii>itioa  c-omes 
about,  then,  cither  hy  impulses  jjaaaing  along  nerve'tibres  to  the  gland- 
cells,  or  afreet  ing  simie  nerve-cent itf.  PopieLski  finds  that  if  tlie  vagi 
and  sympathetic  nerves  be  cut,  a  reflex  seeretirui  is  still  e\'okeil  bj 
placing  hyih'Qchloric  acid  in  the  duodenum.  The  reflex  centre,  lie  thinks, 
then,  must  lie  in  the  alidoniinal  cavity.  He  considers  it  probahle  tliat 
such  a  ceniTv  t'xists  hi  tbi*  Tvt.n'fT>  nf  tin'  pylrniis,  khm'^v  if  tb*'  (liiiKh-roini 
he  cut  through  near  the  pylorus,  the  introduction  of  hydrochloric  acid  is 
then  without  effect.  If  the  pylorus  he  separated  with  the  duodeniun, 
hydrochloric  acid  will  then,  however,  have  the  usual  effect  of  causing 
pancreatic  secretion.  PopieLski  considers,  however,  that  such  a  reflex 
centre  is  not  furnished  by  the  semilunar  ganglion. 

If  tliese  observations  are  correct,  we  can  assume  the  existence  of 
secretory  and  inhibitory  nerve-fibres,  both  running  in  the  vagi,  and  it 
seems  ])rol)able,  from  the  differences  of  latent  period  which  result  from 
stimulation  in  diflerent  regions,  that  the  inhibitory  impulses  passing 
along  the  vagus  do  not  act  directly  on  the  cells  of  the  gland,  but  on 
some  centre  which  has  a  controlling  influence  on  the  process  of  secretion. 
l*o])ielski's  reasons  for  regarding  the  semilunar  ganglion  as  probably  not 
furnisliing  such  a  centre,  seem  insufficient.  The  fact  that  Bernard  found 
an  iiuiease<l  secretion  after  extirpating  this,  can  l)e  explained,  on  the 
analogy  of  the  salivary  gland,  as  a  paralytic  secretion.  There  is  some 
evidence  that  tlie  inferior  mesenteric  ganglion  may  also  act  as  a  centre 
for  rellex  action,  and  if  so,  it  seems  less  improbable  that  a  similar  reflex 
centre  for  the  ])ancieatic  secretory  processes  may  be  referred  to  the 
semilunar  ganglion.  Should  such  a  centre  exist,  it  is  undoubtedly 
subj(K't  to  influences  proceeding  from  the  higher  centres  by  means  of  the 
vagi. 

Though  tliere  is  difficulty  in  admitting  the  existence  of  a  controlling 

'  FraiKf'oi.s-Franek. 
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for  the  pancTeatic  secretion  in  the  semi  lunar  gaiighuii,  there  is 
en*ii  greiiter  ilittieutty  in  asHuciatiiii^  such  a  eeiitre  with  any  other 
nt?ighl«Miring  stnieture,  or  in  aihnittiiig  tliat,  aa  Po]»ielski  t"onHi<lers,  it 
may  be  {ilacetl  in  tlie  walls  uf  tlie  ]iylonis. 

The  conditions  under  which   local   stimulation    provokes   the 
flow  of  pancreatic  juice, — Afi   Btutetl   in  the  last  sectitui,  a  seeretiuii 
<if  the  pancreatic  juice,  dependent  npf>n  into<^rity  i»f  ttie  nerve  connec- 
tioQii^,  can  Lie  liroiight  about  \\y  the  actinn  of  certain  suhstances  upon  the 
lutK-cius  memlirane  of  tlie  Htoinacli  or  thinilenuiiL     Tliua  it  wan  long  ago 
nnticetl  that  injection  of  etlier  intu  the  stonjach  will  eaiiwe  a  How  t*l" 
pancreatie  jniee,  the  juice  liiu  iuti^  eliaracters  eorre.spuniHrjg  U\  the  ])ar- 
ticular  stage  of  digestion  in  wlueh  the  llnw  is  brt night  ahout.^     More 
recently,  other  suhstanceH  have  i>een  found  to  rtimilarlj  afleet  the  secre- 
tion.    If  mineral  acii!,  or  even  organic  acidB  such  an  acetic  and  lactic, 
lie  brought  int^i  contact  with  the  dundcnal  mucouH  nicndaane,  a  eecre- 
tion  will  result.     Since  alkaline  suli.stMnecis  have  not  tlie  same  effect, 
Dolinski-  consi<lcrs  that  the  a<'id  ]iroilucts  of  gastric    digestion   bring 
alxiut  their  own  ncutralisiition  by  inducing  a  tinw  of  alkjiliue  pancreatic 
juice  when  they  enter  the  nniall  intcHtine.     DoliuRki  also    fmuid   that 
fat  excite^l  reflex ly  a  {*itncreatic  secretion.  an<l  that  alcohol   wan    also 
effeetive   in  this  directi<jn,  but  only  to  a   nn>dcrate  degi^ee.     Uottlicb^ 
agrees  that  reHexly  induced  secretion  starts  gencnilly  by  stinndation  of 
thedu(K]eual  muonus  nu^mbriHic.     Herker  "*  studied  the  olTect  uihiu  the 
secretion  of  the  intnidurtion  intu  tbe  sluiuafh  nf  distilled  water   and 
of  various   Halts.      The    salts   eni|>lnyed    were    various    alkaline    salts, 
CarlsLiad    Biilts,    sfMliuni    chloride,   and    "  P^ssentouck "   mineral    water, 
Becker  found  that  distilled  water  exalted  the  secretion^  whilst  salts, 
especially  alkaline  siilts,  iliiuiinshed  it,  both  in  amount  and  in  ]irotef)- 
lytic  |H)wer.     Sodium   chloriile    in  smaller    df>ses   was    itnlillerent,    in 
larger    doses    it    behaved    as    the    alkaline    salts.       Tbe    better    the 
abgorptiou    the    more    marked   the  sccrL'tion.     Water  containing  car- 
bonic acid  is  more  easily  absorbed   than  simple  distilled  water,  and, 
p«irres]K>ndingly,  the  former  excites  a  more  ]dcutiful  secretion  than  the 
liittcr. 

We  see,  then,  that  tbe  f>rdinary  ]n'ogress  of  the  fnod  ran  account  for 
the  secretion  normally  apju-aring;  fuilbcr.  that  tbe  arid  contents  of  tbe 
8t4>iaach,when  passed  into  the  <ba«dcnviui,  may  cause  a  pJiwerFul  secretion, 
ami  that  alkaline  salts  in  the  stoncu  fi  iliminish  the  secretion. 

"Hie  ferments  of  the  pancreatic  juice  and  their  antecedents.— 
Extracts  made  fnuii  tbe  []!increas  of  many  animals,  and  the  ]mncreatic 
Imm  obtained  by  the  establisbmcnl  of  jistukc,  ]>osscss  the  power  of 
diaDging  ditlerent  fondstutls.  llciilcnhain'*  slmwcd  in  IHTo  lliat  there 
cfiuld  1m3  obtaineil  from  t}ie  jiaucrrNs  el  substance  fnuu  whith  tbe  pritteo- 
lytie  ferment  couM  be  derived,  but  which  did  not  actually  pfLssess 
proteolytic  activity.  Tbis  substance  be  calleil  "  zymogen,"  but  since  we 
are ac4)nainted  witb  sul>stauc(^4  having  simibn'  relations  to  other  enzymes, 
it  \»  Ijetter  to  retain  tbe  name  zyniogeti  for  the  whole  class,  auil  to  refer 
each  indiviihial  precursor  by  a  WAme  associatcil  with  the  particular 
fiTnient.  We  thus  speak  of  the  particular  zymogen  ui'  tlie  protredytic 
enzyme  of  the  pancreas  as  trypsinogt-u, 

*  KWhnc,  ** Lehrbiiih  dt-r  i>hjsiol.  Clniu/'  -  t>?*.  fit.  '  Of.  ciL 

*  Areh.  dc  nc.  biol.,  St.  PvteTalumT^^,  \i^\rd,  vol.  ii, 
^  Arch./,  (L  tji-s.  Phijsid.y  Uoua,  is;:*,  Uil  x. 


552  MECHANISM  OF  SECRETION  OF  PANCREATIC  JUICE, 

Heidenhain  established  definite  characters  distinguishing  trypsinogen 
from  the  actual  enzyme,  and  showed  that  in  some  respects  their  behavioiir 
was  similar.     The  chief  relations  of  the  zymogen  to  the  ferment  are  as 

follows : — 

1.  Trypsinogen  is  soluble  in  glycerm.  Some  glycerin  extracts  of 
pancreas  liave  no  ferment  activity,  since  the  ferment  is  in  the  condition 
of  zymogen,  Ijut  if  such  glycerin  extracts,  dissolved  in  1  per  cent. 
sodium  liydrate,  be  diluted  with  distilled  but  not  boiled  water  (this 
being  largely  devoid  of  dissolved  air),  especially  if  digested  for  a  time 
at  40^  C,  it  will  become  active. 

2.  If  an  inactive  glycerin  extract  of  fresh  pancreas  be  dissolved  in 
sodium  carbonate,  1  to  2  per  cent.,  the  passing  through  it  of  oxygen 
will  cause  the  same  to  become  active. 

?).  Platinum  black  will,  according  to  Podolinski,^  also  render  the 
inert  extract  proteolytic. 

4.  The  converse  of  the  change  brought  about  by  the  influence  of 
oxygen  may  also  occur,  for,  through  the  deprivation  of  oxygen,  acti\'ity 
becomes  lost. 

f).  If  fresh  ])ancreas  be  mixed  with  the  same  weight  of  1  per  cent. 
acetic  acid  for  ten  minutes,  and  then  placed  in  glycerin,  a  very  active 
extract  will  be  o})tained.  The  acetic  acid  converts  the  trypsinogen  into 
trypsin.  According  to  Kiihne,-  trypsin  is  also  formed  from  the  zymogen 
by  warming  with  alcohol. 

The  amount  of  trypsin  that  can  be  obtained  from  an  extract  varies 
with  the  liistolo<rieal  condition  of  the  gland.  When  the  luminal  zone 
is  of  consi(loral)le  width,  a  greater  amount  of  ])roteolytic  activity  is 
shown  than  when  it  is  much  reduced.  We  are  justified  in  associating 
the  ferment  with  the  granules  seen  in  the  cells. 

Sodium  carl)onate  may  be  regarded  as  an  adjuvant  to  the  action  (»f 
try])si]i.  Kiilnic  ^  showed  that  it  worked  l)est  in  solutions  of  the  strength 
of  1  ])er  fcnt.  Edkius^  ju'oved  that  sodium  chloride  has  a  beneficial 
inHucnce  oii  the  digestion  of  fibrin  l>y  ])ancreatic  extracts,  and  it  may  be 
U(»t(Ml  that  a  larj^e  amount  of  the  sodium  carbonate  associated  with  the 
])ancrcatir  sccvL'tiou  nuist  he  converted  into  sodium  chloride  in  the 
(luo(loiiuiii.  Ewald^  states  that  digestion  of  fibrin  at  the  instance  of 
trv])siu  ('.111  ])ro('oed  in  the  ])resenee  of  0*3  ])er  cent,  of  hydrochloric  acid. 
l»ut,  on  the  otluM"  hand,  the  prolonged  action  of  dilute  acids  has  been 
shown  by  Lanirley^  to  be  destructive  of  try])sin.  if  a  glycerin  extract 
of  pancreas  he  warmed  for  twoan<l  a  half  hours  in  O'Oo  per  cent,  hydro- 
chloric acid,  its  ])roteolytic  ])owers  are  apprccial)ly  curtailed.  The 
diastatic  ferment  has  not  had  the  same  study  l)ostowcd  upcm  it  as  the 
])roteolytie.  It  contrasts  witli  this  latter  in  that  there  is  no  further 
enhancciiienl  of  its  activity  l)y  treatment  with  such  reagents  as  convert 
tryi>sino^rn  into  trypsin.  Liversed^e''  made  olis(»rvations  in  1874, 
which  suLi:4este(l  the  existence  of  a  diastatic  /ynio^en,  but  tin*  ])ossi- 
liilily  of  luicro-orLranic  change  intiuencing  his  experiments  was,  as 
]»ointe<l  out  by  (laniLTee,^  not  eliminatiMl.     According  to  his  obst^rvations, 

'  r)nslau,  \>~k\. 

^  Ihitl.,  l',.l.  i.  ^  Jouni.  I'Injsiol.,  Cainbri.lge  . -111.1  London,  1S91    IM.  xii. 
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tlie  xjrmogeii  is  not  soliilile  in  water,  thtiH  ontitniBting  markedly  with 
other  zymogens.  We  must  regard  the  exintenre  of  a  prefiirsor  in 
thi«  case  as  donhtfid,  though  it  is  nndenialdy  possible  that  in  the 
living  cell  an  ante- 
cedent stjite  eif  the 
ferment  exists^adaiited 
hy  storage  of  the  fer- 
ment :  in  tljat  rase  the 
mere  destruetitui  of  the 
cell  might  in%<»lve  the 
breaking  diwn  i»f  thii^ 
by  jjot  h  e  t  i*  -a  1  zy  m  ( ige  j  i , 
i>n  aecoinit  of  tlie  pre- 
curs<ir  (if  tlie  iliastatic 
ferment  l:»eing  le^K 
stable  tlian  that  <if  the 
proteolytic. 

There  is  absr^  nn 
evidence  nf  any  zymn- 
gea  of  the  fat-deeom- 
psing  fenaent,  pialyiL 

Fin:illyjt  has  been 
found  that  extracts  of 
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Fir.  46. — rhart  of  tlio  ♦oiirsft  *if  Ni-crotion  nr  ijanr-rvatio  jiii<"c. 
Tlif  jitjsc'ijyi'St'  roneHl'Ofjil  to  liJiiiiis  :  tho  oi'liiiatciii  corit'- 
H|rfii]<l  to  <'.c.  iif  jiiu-L'.— Aft- r  H<i<kiilmiii. 


panrHNis  ami  tli*'  paurrralir  juire  itself^  have 
the  |x»wer  (if  imhicing  a  v\u\  in  milk.  |bruiKi!F]y  liy  the  Jigemy  tff  some 
«|)ecitir  ei*zyme  in  the  \\\m\ 

The  variations  in  the  compoeition  and  amount  of  pancreatic 
juice   during   digestion. — Yx\\\\\     \\\v    cnrlirr    cx|aerimeots    nf    B*n*n* 

sli'inr  and  thnse  of 
Ifeidt'hhuin,^  it  w\\- 
y^y-wxt^  that  the  tlnw 
<»f  jmiicTeatir  juice 
has  somewfiat  the 
fol  Ic  y\\ i  1  ig  cou I  HC : — 
Bef<  ne  a  meal 
is  over  there  eom- 
inenres  a  setTction, 
whifdi  1  til  (dies  a 
maxinnim  not  later 
thsHi  the  third  Iiour. 
Tfieu  the  scrretinn 
sinks  to  atjoiit  the 
sixth  nr  se%'enth 
hour,  and  yet  again 
iiMueases  to  the 
ninth  or  eleventh  ; 
tht'iict'  it  sinks  gra- 
ihially  to  ahniit  the 
eighteenth  and  twentieth.  Thi'  ipiality  of  the  jaite  varies  inversely  as 
tlie  (|Liiintity.  When  one  rises  the  other  falls.  The  at  rompanying 
flams  (Figs.  4G  and  47)  ilhistrate  these  variations. 

'  Halliburton  ari^l  BrcnHe,  Jmim.  FhwioL,  rnrnl»riilir«?  aihI  lAmthm^  l>rM>j  vol,  xx* 

'  HennAun'ii  **  Hmiilbuch,"  lUh  v. 
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hfi.  47» — Chart  of  the  pfrwntagp  cunposltion  uf  Oit-  (lou  of 
pa iiercat ic  j ii i c e,  T 1 1 e  al t.nc i s sa-  no n*  s f k i n 1 1  to  1 1 r m is  ;  t ti *^ 
ordinate^  to  jiercentagc  of  soli<l.s — Aft^T  Htitlruhiiiu. 
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It  has  been  po  L  out  bf  Melte  tliat  during  ELormal  d^gottiosi  ihm%  is  m 
certain  Indepentlenu?  uelween  the  secretion  of  ferment  and  Uie  secreticiii  of  ivttler* 
ObeervatioEis  have  also  been  matle  by  Wossiiteif  ^  an  the  influenoe  of  fuod  m 
causing  changes  in  ihi  activilj  of  the  juice.  He  foutiti  thBt  the  masimum  of 
secretion  was  in  the  ir^t  two  hours»  with  meat  diet  in  the  fiivt  hottr^  and 
milk  diet  in  the  secon  t  hour.  Bj  ehangiug  the  diet  if^m  m«ai  to  bi^sd  and 
milk,  the  prcit^ol^Ttic  t  ;tion  of  the  juice  diminUhed^  whikt  the  4ia«t#^tf  »ctliia 
remained  unaltered.  On  the  other  hand,  when  ebangtog  from  br^ui  aod 
milk  Xi.i  meit,  these  rere  revenged.  It  is  therefore  to  be  noted  that  the 
relative  quantity  of  h^  %  ferments  h  variable  and  dependent  npon  the  food. 
The  efii'xu  product  uy  other  gub^tanees  upon  the  flow  of  panerevtk  juiot 
have  alttsady  been  mentioned  (p.  551). 

The  MECHi^rsM  or  Secretion  of  Siccus  Estk&icis, 

The  histolo^cal  evidence  of  secretion  in  the  intestine,— The 
eviden«;t'  ni  seirretittu  fmm  tlie  hii?to!r*gieiil  stand |j<iint  ia  in  the  r^as!  of 
the  mue<jiii9  lu^UjbniiK?  of  the  iiitesline.  ven'  ijie*>in|dete.  Paneth*  pointed 
out  that  the  telk  at  tlie  Wse  of  the  erj|j»ls  r>f  Liel*erkubii  fn^^itietitlr 
contain  definite  granules  Tliese  celk  wen*  ah«i*  stu'li^l  W  Nicoki,* 
who  n«  it  iced  ditierent  ]^basi/8  in  tin*  e^^nditiuu  i>f  the  <*lls;  lhi»,  after 
secretory  afii\iiy,  he  ft*uiid  theui  either  free  from  or  o>utaiiiJii^  bat 
few  granules. 

Hanlv  iiiid  Weslirook  *  fouiul  timt  in  fanting  aiiimak  the  gmnutes 
were  large  and  immeroua,  in  well-fed  animals  eomparati\iely  few,  and 
smaller  ihau  in  the  failing  atate. 

Bizzozero^  regards  the  granules  as  mueigen  granules.  Sdiafler* 
has  also  called  attention  to  the  fact  that  the  cells  containii]^  them 
are  goblet  -  shaped.  From  the  manner  in  which  they  stain,  their 
8hai>e,  and  the  fact  that  they  are  scattered  in  the  crypt  of  lieberkuhn, 
it  seems  pr«)l>able  tliat  thev  are  Uy  be  looked  upon  as  mucus-secreting 
cells. 

The  cells  covering  the  villi  have  been  descriljed  by  Nicolas^  as  con- 
taining granules  which  do  not  stain,  or  at  the  l>est  very  slightly,  with 
siifranin  (inilike  those  just  referred  to).  He  states,  however,  that  these 
granules  give  rise  to  some  secretion.  Examined  in  the  fresh  state, 
the  cells  «1<»  not  show  the  existence  of  typical  secretory  granules. 

lirunner's  glands,  from  their  structure,  suggest  the  formation  of 
a  nuKuus  s(M  letion,®  but  it  has  Ijeen  stated  by  Kndow*  that  an  extract 
of  the  glands  will  digest  fibrin  in  acid  s<dution,  and  they  bear 
( onsiderable  resemblance,  histologically,  to  the  f>yloric  glands  of  the 
stomach. 

The  experimental  evidence  of  secretion  of  succus  entericus.— 
Two  methods  liave  l>een  a<lopted  for  obtaining  evidence  as  to  the 
nature  *^i  sik  <us  entericus.  The  first  consists  in  isidating,  by  operatif»n. 
a  pie<M  iA  the  intestine,  and  ol»serving  the  nature  of  the  liquid  which 

'  Arrh.  'U  sr,  lioL,  St.  Petersbourcj,  1893,  vol.  ii. 

-  A /•'■/'.  /.  mihr.  Aiuit..  lionii,  IS'?'*.  B<1.  xxxi, 

'  Ii>f'r,"it.  M>ynnt>':hr.   f.  Annf.  u.  Ph>isirA..  L/^ipzig,  1S91.  Ikl.  riii. 
^  Jo'irn.  Physi',!.,  Canil»ri<lffe  and  London,  1S95,  vol.  xviii. 

-  Aiiaf.  Adz.,  .l.iKi,  l^cSS,  B<].  iii. :  Atti  d.  r.  Arad.  d.  sc.  di  Totino,  188^9. 
'•  Sifznoo^b.  d   k.  A  had.  d.   U'issensch.,  Wien,  1S91,  Abth.  3,  IVl.  c. 

'   '^p.  Cit. 

"  K'.'/vii^ki,  Iid^rnat.  M<ninf^rhr.   f.  A  no/,  u.  I'JnfulU.,  Leipzig,  1S90,  Bd.  \\\. 
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(*«i]lect»  ill  the  interiur;  the  secuiitl,  in  making  extmctH  of  tlie  inteHtinal 
mueoua  membrane  ami  investigating  tlii^  <ligestive  ])r<vi»t'rties  fif  surh  an 
extra4^t. 

A  method  ui  pL»nnaneiitly  isnlaling  a  [^( a  linn  t4  the  intestine  was 
fiist  deviiietl  hy  TliijT.^  The  ahdnnien  of  an  animal  luiving  been  upeneil, 
Apiece  of  intestine  was  cat  away  from  its  eoiitinnity  with  the  main  gut 
ffithiait  dividing  tlie  mesentery.  The  two  ends  of  the  main  gnt  were 
tlieii  bronght  together  and  ligatnreil,  so  that  nni<ni  of  the  ent  HurfaeeB  was 
Iruiight  aijMait,  tlie  ('<nitinuity  of  tlie  inle^tino  lioing  thus  re-eststhlished. 
Ibe  is4jkted  portion  of  tln^  jj;nt  was  tlien  rinsed  by  a  hgature  at  its  Ittwer 
end,  wliile  the  upper  eml  was  sewn  into  the  ineision  in  the  al)dominal 
wall,  a  blind  sae  being  thns  formed.  Vella-  modified  this  ]iro('eihire  by 
iiu^eiting  the  lower  end  of  the  isolated  gut  also  into  the  abdominal  wall; 
lluis  aHording  two  nj^nnngs  for  tbe  se]iarated  intestine.  This  operation, 
|K^rfornjed  with  ihie  antiseptie  prei  aiiti<ais,  is  of  (* instant  service  at  the 
present  day,  and  is  generally  deseriiietl  as  tbe  establishment  of  a 
*'Thiry- Vella'*  fistula. 

Older  observers,  sneb  as  Bidder  ami  Srhmidt;"*  hail  ligatured  ntV  fnan 
the  general  traet  short  lengiiis  of  ttie  intestine, and,  after  repliuinL^  them 
ID  tbe  alulominal  eiivity  f*tr  sinne  honrs,  had  exandned  the  aeenmidated 
liquid. 

The  ehief  facts  tliat  liave  l^een  brmight  tn  ligld  by  these  methods 
ureas  follows  :—^In  the  absenee  of  any  stinudus,  little  or  nt>  ser  retion 
luLS  been  obtaineil.  as  a  rule.  Thiry,*  witli  merhaidral  or  eleetriral 
Btiiaulatiou,  ohtivined  a  thin  yellttwisti  alkaline  seeretitjn,  atbnndnoua  in 
(^Imiuet-er.  After  fooil  fiad  Ijeen  taken,  although  no  jaevions  seiretion 
waa  manifest,  S4)me  thud  began  to  form.  Ars-ording  to  llohmunn^^  the 
intrtHliK^tion  of  stareh.  sugar,  or  jn-ptone  prcivokes  intestinal  seiit^ion. 
Tlie  administration  of  piloiarpiue  results,  a^rording  t<i  iMaslotl'/^  in 
secretion.  Gamgee/  iiowever,  found  that  it  wms  possilde  to  [aodnre 
Ofmsiderable  increase  of  other  serretions  by  the  adndnistration  of 
pilixarpine  wittmut  atlerting  tbe  sneens  enterieus  to  any  extetd..  This 
result  he  attributed  U\  the  faet  that  pr<^bal«ly  dillerent  regiiuis  of  the 
intestine  reacted  with  (hn'erent  \igom"  to  ]»ilni  ;irpine,  tlie  luwoi  jiortiun 
|>ftiie  hitestine  secreting  a  greater  quantity  tJi;ni  tlu^  u]iper;^ 

With  respect  tri  the  existence  of  nerv<M]s  inlha-nirs  on  the  si-cTetion, 
Tldrv  found  no  resnlt  to  come  abont  fn^ni  stirjinlalitai  of  the  vagi. 
Kafl^^iunl  J^imansky  ^**  obtsiined  increase  ul'  .stM-retiiai  after  exl.ir|>ation 
^jf tlie  cadiac  and  mesenterir  ]>lexuses,  Init  Adrian'^  did  ni»t  succeed  in 
fjUuiuiug  this  inciease.  l^runliin  and  rye-Smith^-  fouiuL  in  cnutirniMtion 
of  an  observation  of  Miprian.^^  that  if  all  nervous  connections  bt'  srvrTed 

^  *'Ejiie  neiie  Methode  dcu  riilnnfknii  /a\  isolifrcii/*  Sitimjtph,  ,1,  k.  AhuL  '/.  Ifl^vusrh,, 

'rnltrnucli.  z.  XnturL  (/.  J/e^wt7(.  n,  d.  I'fikre,  ISf^],  Bd,  "sm, 

*"Die  V*jrd*iiiuiip*harte  iirnl  dm-  StollVrcliscl/*  Lei[>zig,  185*2.  ^  Op.  ctf, 

^ Arch,  f.  (f.  ijes.  Phij»if>L^  lV«nit,  1SS7,  Vt*\.  ii. 
^UnUrsHch.  a.  tl.  phijHwl.  Inst.  tL  Ctn'r,  Iki'lrffttnj,  188*2,  lift.  ii. 
^  "Pbysiylogirul  ClH^iniHtry/'  Londuii,  18i*;i,  vtil.  ii. 

*  Thitpilocaieine  provoki's  jtn  iiiti  iim*'  iieoretory  cIkii  fjt^  in  \]iv.  LTvpts  of  Lit'lieikuiiii  of  the 
^g*  JTilettine,  ia  inaiiiFeMt  from  the  exTHTlMifnt^i  yl  Ht  i«li'u!iaiii  (Ucrninnn's  "  Umsriluictt/' 

*^^trkandl.  d.  k.  k\  LropakhCmoi   Arad.  d.  ^'fffurf'mschcr.,  isGO,  n«l.  xix. 

^'2Uchr,/,  raf.  Med.,  l!i(5fJ. 

"ifn/n  z.  Jnftf.  V.  nitjnk*!.  iKrkhard),  t;ie*mrn,  \%^^^,  IJtl.  iii. 

"%.  Brit.  Asa.  Adr.  'Sc.,  L.>iiil<m,  1S7-1,  1S75.  15j7<i. 

"CWipi.  raui.  Acad,  d,  «c.,  Ptiris,  laiiS,  IM.  Ixvi, 


556    MECHANISM  OF  SECRETION  OF  INTESTINAL  JUICE. 

between  liigher  centres  and  tlie  mucous  membrane  l)y  dividing  the 
intestinal  nerves,  an  accumulation  of  fluid  takes  place.  Brunton  and 
l*ye-Smith  also  foimd  tliat  if  the  inferior  ganglia  of  the  solar  plexus  and 
their  continuation  along  the  superior  mesenteric  artery  are  left  in  con- 
nection with  the  gut,  this  accumulation  does  not  take  place. 

L.  HermaiHi  ^  initiated  a  somewhat  different  method  of  investigating 
the  secretion.  A  loop  of  intestine  was  separated  from  the  main  gut,  and 
its  ends  joined  so  as  to  form  a  c^mfluent  ring.  This  was  replaced  in  the 
intestine,  and  its  contents  examined  after  some  weeks.  These  contents 
were  found  to  consist  of  solid  material,  and  it  w^as  presumed  that  this 
represented  the  inspissated  juice.  Blitstein  and  EhrenthaP  continued 
these  experiments,  and  came  to  the  conclusion  that  the  solid  mass  fouiul 
had  its  origin  in  two  sources ;  tlie  first  being  the  intestinal  fluid,  and  the 
second  detached  intestinal  epithelial  cells.  They  noticed  micro-organisms 
also  to  be  i)resent.  Fr.  Voit,-*  who  simply  sewed  up  the  ends  of  an  iso- 
lated loop,  found,  after  the  lapse  of  three  weeks,  a  yellowish-grey  mass,  in 
which  lie  recognised  no  ejuthelium,  and  w^hicb  he  regarded  as  simply 
insj)issiited  juice.  The  nature  of  the  fluid  excreted  in  the  Thiry-Vella 
loop  has  been  frequently  examined.  It  is  of  a  yellowish  colour,  and 
c'ontains  albumin,  and  also  a  rather  large  amount  of  sodium  carbonate, 
it  possesses  certain  ferment-] )0wers,  though  with  regard  to  these  there 
is  consi(leral)le  divergence  of  statement.  Thiry*  found  it  to  dissolve 
til)rin,  ])ut  not  to  aflect  other  proteids.  Maslofl'^  found  it  to  act  feebly 
on  starcli,  Imt  not  on  proteids. 

Funke'*  stated  that  starch  injected  into  isolated  loops  is  not  con- 
verted into  sugar.  Ijxter  observers,^  experimenting  by  the  al)ove 
methods,  agice  that  starch  is  converted  into  sugar,  and  Kohman's 
ex))erimeiits  suggest  a  greater  diastatic  activity  in  the  upper  part  of  the 
intestine  than  tlie  lower.  This  observer  also  finds,  as  Paschutin®  had 
])reviously  jtointed  out  from  experiments  with  extracts,  that  the 
intestinal  juice  has  the  ]M)wer  of  inverting  cane-sugar.  It  is  to  Ije  not^d 
that  tliis  is,  even  markedly,  tlie  case,  as  (iamgee^^  ])oints  out,  in  animals 
wliich  would  have  no  o])[)ortuiiity,  from  the  nature  of  their  food,  of 
utilising  the  cn/yiue  causing  such  a  change.  ( )bservations  made  recently 
l»y  i^rcgl  ^"  on  a  Thiry-Vella  fistula  established  in  a  lamb,  have  somewhat 
coiujilctcd  ihc  knowledge  that  has  accrued  from  this  method  of  research, 
lie  found  that  the  secretion  was  continuous,  but  it  increased  the  first  hour 
after  foo(l,  and  this  went  on  to  about  the  third  hour.  From  a  length  of 
intestine  of  7-  cm.  he  obtained  about  o  gnus,  of  intestinal  juice  \^x  hour: 
this  rate  of  secretion  diminished  to  the  fifth  hour,  when  it  reached  3  gi'ms. 
])er  lioui',  and  remained  at  this  rate  fr>r  many  hours  after.  He  refers  to 
the  ])i<)l;ij)se  which  occurs  at  first,  and  with  which  other  observers  ha\e 
found  dillicult y.  and  ])oints  out  that  this  is  evidence  of  a  catarrhal  c(»ndi- 
tinn,  which  itself  would  account  for  a  certain  amount  of  flow,  although  he 
faile<l  to  notice  any  diHeienc(?  between  the  juice  reinforced  by  catarrhal 

'  Arch.  f.  d.  <i>^.  J'/n/siol.,  Boini.  ISSO,  Hd.  xlvi. 

-  /A/'/.,  IS'.a,  li.l.  xlviii.  •'■  Zfsrhr.  f.  B'uJ.,  MuiR-licn,  ISOn.  Bd,  xxix. 

■^  Of.  rit.  ■'  Op.  clt.'  '■'  '*  Lolirl.uc'li." 

'  (iuiiiilcwski,  Arrh.  f.  d.  (jfn.  /'hi/sioLy  Bonn,  ISSej,  l',.l.  xxxix.  :  Kallmann,  op.  cit.  ; 
Dultroslawin.  "  Jkitr.  /..  Pliysiol.  d.  Darnis.iftos,''  Vninsurft.  a.  d.  Inst.  f.  Phi/.^irti.  u . 
lllsfnl.    ill   Cnr..   Lcii»/i<^,    ls7<';    liannois  i-t    liCjiinc,    ArrJi.    de   jiJnisiul.    )o>rm.   et  j)ath.. 
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eiudation  and  the  sim]>le  juirf.     rikuariiiiie,  lie  fuuiul.  rliil  not  cause 
ificreaseil  secretion,  m*r  did  Ldeitricail  stiniulatiuiL      He  descrilies  tlie 
jdce  as  coDsistinjtr  of  a  yellow  tluid,  in  whicti  are  snspeiided  tlocculi, 
staining  deeply  with  eosin,  antl  mainly  mucous  in  nature.    The  alkalinity 
k  raarked.     Albumin  and  globulin  are  ]ire8eut,  and  what  he  regarded  as 
proliably  albumose.     He  also  iVuind  a  small  amount  of  m^ea.     The  secre- 
tion had  no  action  upon  i>roteids.     From  stareh  ]wiste  was  furmed  after 
twenty-four  hours  a  fermentable  sugiir.     Thi.s  action  was  shown  mtjre 
powerfully   in  the  earlier  than  the  later  muntlis  after  the  operation. 
Raw  starch  was  not  attected.     He  found  that  dextrose  (not  maltose)  was 
formed  both  fi-om  starch   and  glycogen.      No  fat-splitting  action  was 
manifest,  but  the  juice  eiisily  enndsiticd  fat.     The  loop  experiuientcd 
upon  was  found  to  be  situated  about  tlnee  times  as  far  from  the  stimiach 
as  from  the  large  intestine.     Pre^l  calculates  that  the  whole  intestine 
would  secrete  nearly  3  litres  in  twenty -four  hours. 

It  is  diflitult  to  say  to  what  extent  we  are  justifiecl,  from  experiments 
[lerformed  00  isolated  loop^^^  in  forminjif  conclusions  regarding  the  nature  of 
normal  suecus  cntericus.  The  first  qiu^stiun  that  suggests  itself  is.  How  far 
is  the  fluid  secreted  a  catarrlial  iiroductiou  I  As  above  stated,  Prejij!  has 
pointed  out  that  the  mere  prolapse  of  tlie  gut  causes  a  eatarrlial  increase  above 
what  he  regards  as  the  ordiuary  How,  The  facihty  witli  wlneli  miLTo-orgaiiisms 
could  enter  would  tend  to  increase  any  patliologiral  corn liti oil  The  presence 
of  albumose  in  a  flnid  wliich  does  not  riigest  proteii],  and  alnu  \A  urea,  suggests 
1  pathological  condition.  Many  of  the  ferment  jxnvers  altrihiited  to  the 
juice  might  be  due  simply  to  (lesquamated  epithelium  from  the  walls  of 
the  loop, 

Klecki  ^  has  criticised  in  the  j^ame  way  the  experiments  of  L  Hermann, 
Blitstein  and  Ehrenthah  and  Voit,  dwelling  on  the  almorinal  r'nnditions  of  the 
loop,  and  the  small  number  of  ex|teriiaeiits  up:»ii  which  their  conclusions  are 
bwed.  He  himself  tind.^  that  when  few  mic^ro-urganisms  are  allowed  to  remain 
in  the  gut,  much  less  solid  substantx^  is  finally  foumb  ami  states  that  a  large 
amount  of  contents  is  found  in  llenaanii  s  rings  «>nly  when  the  intestinal  wall 
shows  pathological  changes^  or  if  complete  disinfecliiui  uf  the  loop  has  not 
lieen  carried  out. 

It  M'uuld  seem,  tbeiefoiv,  that  we  iun>t  liesitaLe  before  aece|tting  all  the 
condusions  that  liave  bren  dniwn  fmni  the  employment  nf  the  methods  of 
iaokted  1oo[ps  and  Thiry-Vella  tistvda%  Ijearing  in  mind  that  the  jnice  so 
obtained  is  probably  seldom  entirely  uidnllueneed  by  tlie  abnormal  condition 
induced  by  the  operation*  M^my,  howfver,  regard  it  as  j)ro)iabie  that  the 
crvpts  of  Lieberkuhn,  through  their  hiiiiig  f^pitlndinin,  yield  a  seeretion 
which  is  r>f  assistance  in  dissolving  the  [a^odneks  uf  digestion  by  other  juices, 
eten  if  it  has  no  very  welbmarked  digi'stive  properties  itself. 

We  may  finally  proeee<l  tii  tniisidei  hnw  iwx  <  xliacts  nuido  from 
the  intestinal  wall  are  eharaclorised  by  the  jMJSsessiou  of  j^pecilic 
properties. 

In  the  first  plaije,  we  must  bear  in  niiiid  \\\\\i  the  intestinal  ]nue<uis 
niembrane  has  prinuirily,  witliout  donbt,  an  *ih.^orhi}}(j  function.  We 
have  also  reason  to  believe  that  the  digestecl  foiMl  in  its  passage  through 
tlie  epithelial  ctdls  may  undiM-^o  ertusidendde  fdiaiiiifes,  Consequently,  on 
making  extracts  of  these  e[uth(dial  eidls,  we  may  he  se]iand.iiii4  subslanns 
which  are  never  8eereted  into  thr^  lumen  td'  tlie  intestine,  lnit  wh ieh 
merely  exercise  intiuenee  on  the  absurheil  food  as  it  passes  tlirongh  the 

J  JFiciK  klin,   Jrrhnathi.,  1«9J,  lid.  vii. 
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cells.  It  is,  therefore,  not  justifiable  to  assume  that  the  secreted 
juice  has  the  same  action  as  an  extract  of  the  intestinal  mucous 
membrane. 

That  extracts  of  the  intestinal  mucous  membrane  have  marked 
physiological  properties,  there  is  little  doubt.  It  is  comparatively  easy 
to  make  such  extracts  free  from  micro-organisms,  and  it  is  generally 
agieed  that  these  extracts  have  a  considerable  power  of  inverting  cane- 
sugar  and  of  changing  starch,  in  an  intense  degree,  into  dextrose, 
probably  through  the  stage  of  maltose. 


i 


MECHANISM  OF  BILE  SECRETION. 
By  I).  Noel  Tatox. 

CosriErre.— Mode  of  Formation  of  Bile  CunstiliienU,  p.  559  — Water,  ]i.  559— 
Ifiorpnie  SalK  p-  560-  NucIpo  Protcid,  u.  5B1 — Lilt-  Aoi<ls^  p.  r^Vrl-  Bik'  Pig- 
ments, p.  563 — Cholesteiin,  ]i.  564 — Lecitiiiu,  etc*^  p.  561 — Intlueim.'  of  v;iiinvis 
Fai?tors  on  the  Secretion  of  Bile,  p.  564 — ¥\n\v  of  Bl eirxi,  p.  505 — FoikI,  p,  505 
—Pressure  ot  other  Organs,  p.  507 — Nervta,  p.  567 — (Jhemieal  Siilj^tanLea,  p. 
567 — General  Conclvisioni*,  p.  569. 

;Cn  f  on  side  ring  tite  inechEiinsin  nf  bile  Ht'tTetiMii,  it  iinist  l>e  reiupmbered 
^Viat  the  fort nsit ion  of  l>ile  is  iuily  mie  of  many  funcli(Hi8  jn'ifoniied  hy 
^tie  liver. 

Pkced  ^B  il  iH  iiihui  tfte  rniirsc  of  the  jiorlal  vt'iu,  iho  i^roMl  chritmel 
*^  f  al>8orjitioii  (if  material  fmni  tlie  alimentary  raiial,  tlie  liver  regulates 
^lie  siipjily  <»f  carholiydratefl  to  the  Inidy  hy  wtoriiig  the  wmi^hiH  sugar 
^^lmirl»ed  in  the  form  of  glyeogeii.  It  uIbo  gets  rid  f»f  any  excess  of 
^^*-itrogeii  absorlied,  hy  cnnverting  it  into  the  imifrnmis  ami  easily 
^^  liijitnateil  ure^.  In  addition  to  |)erf(»rniing  thet^e  fnnetions,  the  liver 
^^•<!t8  as  one  of  the  gie^t  storehmij^es  of  iron  in  the  hody,  and  iit  many 
^^Tiimals  it  i»  also  a  situation  in  whicli  8in*pltis  fats  are  aceumulatiMl. 

When  these  nnmerons  funetions  are  considered,  the  small  mnonnt  of 
■-»i!e  formed  per  diem  hy  so  large  an  organ  is  the  less  snqirifling.  In  tnan 
«^- but  800  or  900  grma  of  hih\  with  ahont  14  or  15  grms.  of  sohils,  are 
^E3.ailv  seci-eted  from  the  liver,  an  organ  wfiii'h  weights  ahout  l^jOO  grms. 

In  studying   how  hile  \h  formed  in    the  liver,  it    is    neeessary  to 

^^^"^memWr   that,  hesides   the   great  ma^s   c>f    liver  <'ells,  there  are   in- 

"■^iiiiieralJe  hile  j>a8sageR  lined  hy  a  living  ejiitlielium.     In  most  atnmals 

*^  saccular   divertieulum,  tin*    gall    Madder,  is    devi^lojted    ujion    tliese 

passages.     In  this  and  in   tlie   |>ass;ige.s   the  Hurphis   hile   ar(  umnlates. 

Wow  far  the  liver  eells,  and   how  far  thr  rolls  lining  the  dm  ts,  art  in 

pmlueing  the  various  constituents  of  hile,  inusl    Ik*  sohsequently  ct*n- 

Hidered. 

Tlie  hile  is  a  fluid  ront<aining  many  ditleient  suhstancf^s  in  sf^lution 
(see article,  "  *  'Immistry  nf  Bile  "  ),  antl  an  investigation  of  ihe  mrr^hanism 
^jf  l)ile  secretion  neceaaiUitea  a  eon.'sideration  of  the  jnode  of  production 
0^  each  of  these. 

Mode  of  Formation  nt^-  ]]ilk  Constituents. 

Water. — The  water  of  the  hile  is  in  ]iart  secreted  from  the  walls 
cf  the  hile  ttassagen,  for  it  has  l>een  found  tliat  when  the  eystie  fluet 
is  ocj^luded,  and  the  fundus  of  the  gall  hladder  f*pened,  a  small  amount 
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^AjV/sm  ofmle  secretion. 


of  fluid,  about  'l  ]jer  cliein,  i^  continually  ^ecretetl  from  the  walls  of 

the  gall  MmlileiJ       low  far  this  tJuicI  iyi  a  ph3\siologi(:tal  -secretion,  and 
how  far  it  is  due  to  pathological  t-onditiouH,  is  tliifipult  to  decide- 
That  water  ia  m  TCted  liy  the  liver  cells,  as  well  as    by  the  cells  of 
the  ducts,  is  proved  hy  the  way  in  which  pignients^^  which  are  secreted 
by  tlie  liver  cells  al<  le,  are  washed  down  into  the  bile  passages. 

The  elinrination  of  the  water  of  the  Inle  is  a  pTOcees  of  secretion, 
and  not  of  traiisud  tion.  Heidonhain^s  observations  on  the  relative 
pressures  in  the  lu  ^msaages  and  in  the  blood  vessels  pai%sinj^  Ui  tlie 
liver,^  given  in  the  following  table,  demonstrate  very  clearly  that,  thon^ti 
the  pressure  of  secretion  of  bile  is  low,  it  is  uevertheless  considerably 
higher  than  the  blood  pressure  in  the  jxirtal  \^eiii* 


Ko, 

BU€  Prewnnt. 

Prewu«  In  V«i*  Mewiibcnea 

1 

220  nun.  carljon.it^  ofi^oiia  soL 

JJO  mm.  curbiraale  of  sod*  ml. 

2 

175    „ 

«7    „ 

3 

204     „ 

80    M 

4 

no    ,,                 „                        1 

60    „ 

5 

ISO     „ 

The  absoriiUon  ut  water  from  the  alimentary  canal  seems  under 
certain  conditioim  to  increawe  the  secretion  of  water  by  tlie  liver. 

Robng,*  ISidder  and  Sclmiiilt/'  and  Zalesky,*'  noticed  tliat  tlie  intrn- 
duction  of  water  into  the  stomach  and  intestine  of  dogs  with  biliary 
tistuUe  increased  the  flow  of  bile.  Eosenberg  "^  found  that  if  the  intestine 
had  previously  been  cleared  out  by  a  glycerin  enema,  the  introduction 
of  500  c.c.  of  water  into  the  intestine  increased  the  flow  of  bile.  In  a 
case  of  coni])lete  l)iliary  fistula  in  a  woman,®  the  amount  of  the  bile 
secretion  was  greater  upon  the  days  on  which  a  large  quantity  of  fluid 
was  taken,  and  this  increase  was  in  the  water  of  the  bile,  not  in  the 
solids. 

Inorganic  salts. — The  aiuilyses  of  the  bile  of  the  dog  given  by 
Hoppe-Seyler,^  sliow  that  in  bile  taken  from  the  gall  bladder  the  salts 
constitute  about  5  per  cent,  of  the  solids,  while  in  freshly  secreted  bile 
they  amount  t<>  about  13  or  14  per  cent.  The  freshly  secreted  bile 
alone  need  be  considered  in  discussing  the  mode  of  formation  of  these 
salts.  A  com])arison  of  the  salts  of  the  bile  with  the  salts  of  the  blood 
])lasnia  indicates  that  the  percentage  amount  of  salts  is  smaller  in  bile 
than  in  ])lood,a]id  that,  while  chloride  of  sodium  is  the  most  abundant  in 

'  Birch  .111(1  Spour;,  Jmirn.  Physiol.,  Cambridge  and  London,  vol.  viii.  p.  378  ;  Mayo 
Rol^son.  Pror.  Roy.  Soc.  London,  1890,  vol.  xlvii.  p.  499. 

-'  Wcrtliciiner,  Arch,  dc  j}h)fswL  norm,  etpaih.,  Paris,  1891,  p.  724. 

2  Hermann's  **  Handlmcli,"  Bd.  v.  S.  269. 

*  MnL  Jahrh.,  AVien,  1873,  Bd.  ii. 

^  *'  Die  Verdaunng.s.siiftc,"  1852,  S.  166. 

"  Holrnann  and  Sciiwalbe,  Jahrrsh.  a.  d.  Fortschr.  d.  Anal. 
S.  219. 

"^  Arch.  f.  d.  >fcs.  PhysHo/.,  Bonn,  1890,  Bd.  xlvi.  S.  361. 

»  Noel  Baton  and  Balfonr,  Pep.  Lab.  Poii.  Coll.  Phys.,  Edin., 

«  "Phvsiol.  CliGni.."  S.  302. 


7^  Phyfdol.y  Ijcipzig,  1877, 
1891,  vol.  iii.  p.  191. 
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I  both,  in  bile  the  propurtiuii  uf  tliis  salt  is  injt  nearly  so  high  as  in 
|>la6ma.  This  may  poasihly  he  explained  liy  the  withdrawal  of  liydro- 
tehloric  acid  iu  the  Htoiiiach,  leaving  the  «oda  to  lut  cumirintMl  with  the 
^Organic  acids  of  the  hile. 

A  study  k\\  tlie  excretion  of  chlorine  in  tlie  l)ile  !iaa  l>een  made  by 

II>ag«iiii  in  Alhertoni's  labiiratury.*  He  tinils  that  in  dogs  with  a 
Ijermanent  fistula  \\m  percentage  of  chlorine  varies  little,  and  that  it 
is  only  slightly  raised  liy  the  administration  of  chloride  of  sodium,  or 
i>f  potassium.  <  Idorides,  as  is  well  knownj  are  chiefly  excreted  hy 
the  kidney. 
Giovanni  Tirri "-  has  studie*!  the  seci-etion  of  sodium  and  potassium, 
^wA  finds  that,  while  the  amount  of  soilium  excreted  per  tliem  is  yery 
fonsliint  in  spite  of  variittiona  iu  (Het,  ami  in  spite  of  the  administration 
^t  chloride  of  sodium,  the  exci-etion  of  pot^issium  varies  within  wide 
fiaiits,  and  is  increased  hy  gi\ing  sodium  and  potassium  chLjride  iu  the 
foo#i.  The  s*)diuni  is  in  great  measure  combined  with  the  organic 
acids  of  the  bile,  and  hence  these  results  do  not  throw  light  ujjon  the 
excretion  of  sodium  in  inorganic  compounds. 

On  the  secretion  of  hme  salts,  work  has  Ijeen  done  under  Naunyn's 
dire^ctirm  hy  tJankau.  He  shows  that  tlie  amount  of  lime  in  hile  is  very 
snia.ll,  and  that  it  is  not  increased  !>y  the  administration  of  lime  salts.^ 
From  the  fact  that  lime  salts  are  present  in  the  scjcretions  from  mucous 
nienibnines,  Naunyn  suggests  that  the  lime  ttf  the  itile  may  he  formed  in 
tlae    l>iJe  passages. 

Ihe  very  small  quantity  of  iron  which  exists  in  the  hile  (less  tlian 
1  riigr.  per  diem  in  the  ilog)*  may  he  derived  from  the  iron  stored  in  tlie 
liver-  cells,  or  may  l^e  formed  from  the  disintegration  of  the  epithehal 
lining  of  the  jmssages.  Evident  e  on  the  subject  is  wanting. 
~  How  far  tlie  other  inorganic  salts  are  secreted  1)y  the  liver  cells, 
ad  how  far  hy  the  cells  lining  the  bile  passages,  cannot  he  eonsidered 
oetahhsheih  There  is  clear  evidence  to  show  that  they  are,  in  part 
taiiy  rate,  formed  in  the  latter  situatioiL  In  a  series  of  analyses  of 
te,  colle*jted  from  a  woman  \s\\\\  a  complete  hiliary  fistula,  it  was  found 
^%  during  attacks  of  fever  tlie  true  laliary  constituents,  the  m-ganie 
^  Its  and  pigments,  were  markedly  duninished,  while  the  juoportion  of 
inorganic  salts  remained  unaltered,  between  0  7  and  OS  [ler  cent.^ 

Birch  and  Spong's  analysis  of  the  fluid  from  the  gall  Idadder  showed 
Ibe?  presence  of  0826  per  cent. of  inorganic  salts,  of  which  the  chief  was 
.cWoride  of  sodium.     Mayo  Eol>son  found  084  per  cent,  of   inorganic 
imaiter.     Analysis  of  freshly  secreted  human  liile  gives  about  tfie  same 
[  pToportion  of  salt^.**     Hence,  since  tiie  amount  of  salts  is  the  same  in 
the  small  amount  of  fluid  secretetl  frtnu  tlie  hile  passages,  and  in  the 
^^lal  amoimt  of  bile  poured  out  from  hile  passages   and   liver   cells 
^gether,  about  the  same  proportion  of  siilts  must  exist  in  the  secretion 
from  each. 

Nudeo-proteid.— The  mucus-like  nucleo-proteid  of  bile  is  formed  in 
'lie  bile  passages  and  gall  bladder.  The  amount  in  hile  is  small,  about 
^2  per  cent. 

*  J/et».  r.  Accad,  d.  «c.  d.  IsL.  di  bologna,  1893|  Sen  5,  voL  i.  p.  3. 

*  Itddf,  IS9S. 
^Nifcunyti,  "GholeUthiaais/*  traualateft  by  A.  E,  Garrod,  Xew.  Syd,  Soc.,  p.  15. 

*  Ansel  m»  Jrb.  d.  pharrtwkoL  Inst,  zu  Dorpal,  Stuttgart,  1892,  Bd*  vii. 
"  i?<p.  Lab,  Mo\t,  CdL  Fhtjs.,  Ktiin,.  voh  iv.  p.  44. 
'  Hoppc-Soylct,  '^?hy«ioL  Chem*/'  S.  302. 
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In  cases  of  oc      ied  gall  hkdder  this  iiiuoiii-like  subBUiiice  hai*  lieefT] 
found  to  be  the  ehici  oi^anie  .siUid  of  tht!  seci-etiun.^ 


Organic  matte  chiefly  mucin 

Chlorides  equ  to  KaCl       ,         ,         .         . 

Sodium  tar  bo  ite         .         ,         ,         .         , 

Other  salt6  o  taining  pbo&phatesi,  potassium 

salts,  etc.  ...... 


'672  pet  cent 
'573       „ 
220       „ 

071       „ 


The  fact  that  tl  e  amount  uf  this  substance  dues  not  vary  with  the 
true  bile  constitueutw  either  at  difi'erent  periods  of  the  day ,2  or  in  febrile 
conditions,*  indicates  very  clearly  that  it  is  not  formed  by  the  liver 
cells. 

Salts  of  the  bile  acids.— These  are  entirely  protlucetl  in  the  liver 
cells.  In  Bircli  and  Sponges  case^  and  in  the  case  exainineil  by  Mayo 
Robson,  they  were  entirely  absent  from  the  secretion  uf  the  gall 
bladder. 

That  they  are  a.(*tually  formed  Ijy  the  liver  cells,  and  not  merely  ex- 
tracted from  llu^  blond,  was  demonstrated  by  ilinkowBki  and  Naiinyii.* 
These  observei  s  fuund  tliat,  while  bile  salts  are  nurraally  absent  from  the 
blood,  they  appear  when  the  bile  duct  is  ligatured.  If,  however,  the 
liver  be  excluded  from  the  circulation,  there  is  no  aceumulatioo  of  bile 
salts  in  the  bhMul 

The  source  of  Llie  eliolalic  acid  moiety  of  the  glycocholic  and 
taurocholic  acids  is  unknown.  The  source  of  the  glycine  and  taurine  ia 
to  be  sought  iiUiuiately  in  the  proteids  of  the  body  and  of  the  food, 
since  these  aluue  can  yield  the  nitrogen  and  sulphur.  Both  are  amido- 
acids  of  the  fat ty  aeifl  series. 

Nencki,  Pawlow  and  Zalcski,^  have  shown  that  the  surplus  proteid 
of  the  diet  is  Livgi'ly  f>TnkrTi  dnwn  iTsfn  ;iu}iiinniu  i-omponnd^i  in  tlio  \v?il| 
of  the  intestine,  and  these  compounds  pass  to  the  liver.  Von  Schroder  • 
demonstrated  that  ammonia  compounds  are  readily  converted  to  urea  by 
the  liver.  Hence  by  far  the  greater  quantity  of  nitrogen  in  excess  of 
that  re([uired  must  undergo  this  transformation,  and  it  is  not  to  be 
expected  that  an  additional  quantity  of  proteids  in  the  food  will  lead  to 
a  markedly  increased  formation  of  bile  acids.  Spiro,^  by  feeding  animals 
with  biliary  fistulas  upon  various  kinds  of  food,  found  that  a  proteid  diet 
increased  the  nitrogen  and  sulphur  excreted  in  the  bile,  but  not  in 
proportion  to  the  amount  of  proteid  taken. 

The  following  figures  illustrate  Spiro's  results : — 


Food. 

Sulphur  of  Bile 
in  Onns. 

Nitrogen  of  Bile 
in  Grms. 

Fasting        .... 
125  grms.  flesh    , 
500          „             ... 
949          ,,             ... 

•059 
•089 
•155 
•173 

•195 
•292 
•398 
•604 

^  Hoppe-Seyler,  "Physiol.  Chem.,"  S.  302. 

'^  Hep.  Lab ^ Roy.  Coll.  Phi/s.,  Erlinburgli,  vol.  iii.  p.  201. 

3  Ihul.  p.  212.  •*  Arch.f.  cxper.  Path.  u.  PharmakoL,  Leipzig,  Bd.  xxi.  S.  7. 

^  Ihid.^  \V\.  xxxvi.  S.  26. 

^  Ztschr.  f.  physiol.  Chan.,  Stnissburg,  Bd.  ii.  S.  234. 

'  Arch./.  I'hysiol.,  Leipzig,  1880,  Supp.  Bd.  S.  50. 
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Kmikel,^  h*om  siiiular  experiments  on  dngg,  conriutled  that  a  definite 
part  of  the  siilplmr  taken  in  tlie  diet  is  excreted  in  the  Itile,  hut  the 
increa^  in  iiiliciry  auljiliur  wcui's  two  or  three  *kiys  after  tlie  iiigeKtioHi 
and  not  ujmn  the  same  day,  jus  i?^  the  caae  with  the  sulphur  of  the  urine. 
Of  the  sulphur  of  the  food,  fnuii  8  to  nO  ]ier  cent,  is  excreted  in  taurine. 
In  man  on  an  ordinary  diet,  ahuiit  3.>  ^^ruis.  of  uiea  wiLli  15  grms.  of 
nitrogen  are  daily  forme^l.  while  ordy  ahont  10  grnis.  of  hile  acids  with 
about  0-3  grnis.  of  nitrot^tui  are  excreteil.  The  iucreai^d  iugeatiou  of 
proteids  leatls  to  a  proportionate  increased  excretion  of  urea,  a!ul  any 
increaae  in  the  Idle  aeidn  is  necesstirily  ao  small  that  it  may  reii<lily 
be  overlocjked.  Similarly,  any  incretised  decomposition  of  the  ]>roteids 
of  the  tissues  leads  to  a  proiiortiouately  imreased  exeretiou  oi  the 
mtnogen  in  the  form  of  urea,  and  any  increase  in  the  hile  aeids  whirh 
may  occur  must  be  very  triHinf^. 

Whether  the  hile  acids  which  are  absorlied  from  the  intestine  can 
be  again  excreteil  hy  the  liver  cells,  has  been  investigated  hy  injWting 
intrj  the  bkrMl  of  auiunds  a  bile  salt  differing  from  thfit  which  is  munially 
presenL  In  dn<xs  the  taurodiolat**  of  soda  is  the  ncunial  salt  of  the 
bile.  After  injectiug  iirlyeochohite  of  soda,  Prcvost  arul  Hinetr  and 
Weiss ^  found  it  in  the  (i<*g's  bile.  Scx-ololV,*  rui  the  other  ban il,  failed 
to  lieteet  it  after  it  liad  beeu  injected.  Huppert  ^  observed  that  the 
injection  of  glycocholic  atiil  increases  the  amount  of  bde  acids  in  the 
bile.  The  experiments  of  Roserd lerijj **  show  that  tlie  admiuistration  of 
bile  fialts  causes  an  luereased  secretion  of  l>ile  with  a  marked  increase 
in  the  solids.  They  appear  to  he  the  only  substances  %vhieh  ]U'o(hu!e 
this  result,  and  since  the  bile  salts  are  the  nioHt  alnuulant  sidids  of  tiile, 
it  seems  fairly  certain  that  they  are  absorbed,  and  re-exereted  frum  the 
bliMMl  by  the  liver. 

Bile  pigments,-— The  pigments  runst  he  ]noducni  in  tho  liver  cells, 
since  the  secretion  from  the  bile  ]jassages  is  entirely  dcslitut(3  of  colour- 
ing matter  J  They  are  formed  from  the  hauuitin  moiety  of  the  hieruo- 
^lobin  nmlecule.  The  iujectiou  of  free  liiemogltjbin  into  tlie  blood,^  or 
tbe  Betting  free  of  haunoglobiu  l>y  solution  td"  the  red  corpusides,^  rapidly 
kwia  to  a  ^eat  increase  of  the  bilirubin  of  the  hile.  Minkowski  and 
Xaunyn,  by  exijerimeuts  u[>ou  hirds/'^  iiave  confirmed  these  iibservatiiuis. 
They  further  found  that  if  tlie  liver  is  excbided  from  the  circulation 
the  formation  ut  bilirubin  does  u<d  tnk^'  [>lace.  They  thus  sh«»wed  that 
bilirubin  is  actually  priKhiced  in  the  liver  cells.  Tlie  irou-t  ontaiidng 
part  of  the  hiematin  molecule  a]»pears  to  he  split  off  and  retained  in 
these  cells,  giving  rise  to  tin*  accumulation  of  iron  in  the  liver,  whir-h 
follows  the  ^lisintegratiou  of  red  corpusrles.^' 

Kot  only  do  the  liver  cells  manufacture  bilirubiu,  but  when  this  or 
any  other  bile  pigment  is  present  in  the  blootl  they  take  it  \\\}  and  eliunnate 

^  Arrh^f,  d.  gen.  PhysmL^  Bonn,  \U\,  xiv.  8.  344. 
^Compt.  rend.  Acad.  d.  sc,,  Fa^ris,  1888,  tome  cvL  p.  1000. 
^Buil.  Soc.  imp.  d.  nai.  dt  Moscou,  1884. 
*Ar<:A,/.  d.  ifcs.  Fki/moL,  Bonn,  187C,  iVL  xi.  S.  IGf). 
^Arch.d.  JleUk.,  L«ip;sig.  18«9,  Bd,  v. 
*AjTh./.  d.  ffw,  PhtmGL,  Bonn.  181^0,  \Ul  xlvi,  S.  3:i4. 

'  Birch  and  Spong,  Joum.  Ph}fSwL,  Canihril^'e  htuI  London,  vol,  viii.  \k  :17H  ;  Mayo 
BoUnn,  Ptoc.  Roy,  Soe,  Londan,  189fl,  vol,  xlvii.  [■.  4^^. 

' Stidfthnftiin,  JrcLf.  ejcpcr.  Paih.  n.  Pharuvth^K,  L^npzig,  1890,  Bd,  ivii.  S.  93, 
•Af«u«siew,  ZUchr.  /",  klin.  Med.,  Berlin,  Bd.  vi.  H«-ft  4. 
'*j*rfA./.  i^rper.  Pad.  u.  Pkarmukoi,,  Leie^iig,  1886,  Bd.  xxi.  ^.  1. 
^^  fiimter,  Lancet,  Loudon,  1892,  p.  1262* 
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it.  This  was  detini  ely  proved  by  Wertlteimer,^  who  injected  into  thf* 
circulation  of  dugs  Jie  liile  of  the  ox  aiirl  sheei>^  The  bile  of  thes^j 
animals  contains  a  nignient,  eholoha^iiiatiii,  wlneh  givea  a  characterisiic 
spectrum,  and  tbo  1  pjiearance  of  this  B]»eetniin  in  the  bile  of  the  dog 
showed  that  chdlolu,  matin  liad  ln-eii  tnken  wy  and  excreted. 

Oholesterin.  —  Y  hether  choleslerio  i^  fifrmed  in  the  liver  cellSj  or  in 
the  cells  lining  tht'  bile  pasBages,  or  in  both,  is  not  definitely  known. 
In  the  two  cases  o  fistula  of  the  gall  bladder  already  leferred  to,  the 
presence  or  absenee  of  cholesterin  \^  not  noted-^ 

That  the  cholesterin  is  formed  soine%vhere  withm  the  liver,  and  not 
merely  excreted  by  it,  i^  shown  by  an  experiment  by  Jankau,  performed 
in  Naunyn's  laboratory.^  He  injected  cbolesterin  into  dogs»  and  alRi 
gave  it  in  their  fuorb  and  aacertained  that  it  bad  been  ab&<jrbed ;  but  he 
failed  to  find  any  inrrease  of  clioleBtenn  in  the  liver  tisHue,  or  in  the 
bile.  The  analyt^ii-s  t>f  the  liver  and  bile  made  by  Kaiieeh*  in  the  same 
laboratory  show  no  reliifcinnBbijv  lietween  the  amount  of  eholesterin  in 
the  gland,  and  in  its  seuretion.  Thomas,^  who  ako  worked  in  Nauiiyn  s 
laboratory,  found  that  tliere  is  no  relationship  between  tlie  amount  of 
cholesterin  excnHed  m\A  the  kind  of  food  taken-  When  the  d*:^  under 
observation  suffered  from  cotaiTb  of  the  biliary  piseages^  thei-e  was  a 
marked  increase  in  the  cholesterin  of  the  bile. 

From  these  experiments,  and  from  the  fact  that  cholesterin  is  always 
found  where  cells  ai"e  disintegratin;^^  Xaunyo  strongly  suppi^rts  the  view 
that  cholesterhi  is  jn'otbired,  n<ft  in  the  liver  cells,  !mt  from  the  cells  of 
the  passages,  ami  that  it  is  a  j^rmluct  of  the  dismtegmtion  of  their 
protoplasm. 

Lecithin  and  other  compounds  of  the  fatty  acids.— The  occur- 
rence of  these  iKKlios  in  tlie  sirTctinii  iVnrn  I  ho  giill  blfidilrr  Iv^^  rt^^t 
been  observed.  On  the  other  hand,  lecithin  and  fat  are  constant  and 
abundant  constituents  of  liver  cells.  Liver  tissue  contains  about  2*35 
per  cent,  of  lecithin,  and  about  3  or  4  per  cent,  of  fat.^  Thomas  found* 
that,  while  cholesterin  was  unaltered  in  amount  by  the  administration 
of  various  diets,  the  amount  of  fat  in  the  bile  depended  largely  upon 
the  amount  of  fat  taken  in  the  food ;  and  since  the  fats  of  the  food  are 
frequently  stored  in  the  liver  cells,  it  is  probable  that  the  fatty  acid 
com})ound8  in  the  bile  are  derived  from  this  source. 

Influence  of  Various  Factors  upon  the  Secretion. 

The  investigation  of  the  influence  of  varying  conditions  upon  bile 
secretion  is  a  matter  of  extreme  difficulty,  for  the  bile  may  accumulate 
in  tlie  gall  bladder  and  passages  to  be  expelled  from  the  liver  some  time 
after  secretion. 

The  flow  of  ])ile  is  governed  by — 

1.  Tlie  rate  of  secretion. 

2.  Tlie  activity  of  the  muscular  walls  of  the  passages. 

3.  Tli(^  pressure  u})on  the  liver  of  adjacent  organs. 

^  Arch.  <le  j/hij.'iiol.  norm,  ct  path.,  Paris,  1891,  p.  724. 

^  In  the  colourless  lluid  from  a  case  of  liydrops  cystidis  fellea?,  I  found  a  considerable 

quantity  of  cliolcsterin. 

^  "Cholelithiasis,"  translated  by  A.  E.  Garrod,  Kew  Syd.  Sue.,  1896. 

*  Diss.,  Strassljurg,  1891. 

^  No(*l  Paton,  Jouni.  Physiol. ,  Cambridge  and  London,  1896,  vol.  xix.  p.  213. 
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Further,  the  liver  l^eiug  i^kretl  upuu  tlie  etlerent  ve«ael  of  the 
aliinnitary  raiial,  iitiist  have  its  vascular  cuiuiitinn  altereil  hy  every 
Bjoili  Heat  ion  in  tliat  of  the  gafltro-inteHtiiial  tnut,  aiirl  it  m  iuipuwBihle  to 
eliminate  tliia  element  while  Btmlying  the  attinn  *if  any  agency  on  }>ile 
secretion. 

Influenoe  of  the  hepatic  circulation  upon  bile  secretion.— 
Hie  tirenlatii>n  in  the  hver  may  he  pioiVunully  alteivil  without  actual 
Btop[wii,'e  Mf  hile  secretion.  Thus  it  liaw  hceu  shown,  in  cascB  where,  liy 
the  inetiMKl  devised  hy  Ore,  the  jHirtal  hlimd  lian  Wen  tlirected  into  the 
iaferior  vena  cava,  that  lale  i«  Htill  secreted  liv  the  liver  ;^  while 
ffertheimer^  has  conHnntnl  the  residtH  uf  iJdei  investigatoi^,  that 
ligature  of  the  liepatie  artery  does  not  iinniethately  ntop  the  secretirni, 
titiiough  ultimatety  neeroBis  of  Hver  tissne  supervenes  and  leads  to 
ibolition  iif  fnncti<nh 

Btit  wliile  these  rjiarkcd  ihHluihauccs  iln  n<>t  at  once  sLoji  secretion, 
there  in  evidence  tliat  its  rate  de]iends  uijon  the  vas("ul;ir  HniJ[>ly. 
Tlius  Heidenhain  has  shown  ^  that  i!i  di>gH,  section  of  tlie  sphoichinc 
nerree,  which  canses  a  dihdation  of  the  jiortal  vessels,  prudurcs  a 
marked  increase  in  the  ilow  r>f  hile.  If,  however,  tins  jncal  dihdation 
iiaccomimnied  hy  a  general  dilatation,  sucli  an  is  jiroduf-ed  hy  sci-tinn  of 
the  spiual  eoni  in  tlie  neck,  a  fall  in  tlie  HecreU<ni  occurs.  Munk,*  on 
the  father  hand,  has  shown  that  stinudation  f>f  the  splaoclndr  nerves, 
which  produces  constriitinn  of  the  vessels,  h*ads  to  a  diniinulinn  in 
the  rjite  of  hile  secrctiniL 

How  far  tins  intlueuee  of  alteration  in  the  hlood  supply  is  tine  to 
Tariation  in  pressure,  and  how  far  to  alteration  in  the  rate  i»f  l>|rMid  flow 
tlirough  the  liver,  lias  not  heen  directly  investigated.  J5ul  iho  nliSL>rva- 
limi  of  Kohrig,^  that  cr»nstri(tion  ui  the  vena  cava  inferinr.  which  raises 
the  pressure  in  the  liver  while  dorroasing  the  rate  of  fjlond  i\i}\\\ 
^liioiaishes  hile  secret ir*n,  seems  tn  JTMhiate  that  the  nde  of  tlnw^  is  of 
more  iuiportance  than  tlie  mere  iiitnivuscnlar  ]»n*ssnre.  In  this  rnn- 
nectioti  the  relationship  of  the  pressure  of  Nf^ni'Hon  t<>  hlnnd  jaes.sure 
(p.  56D)  must  he  home  in  nnud. 

Effects  of  food. — Starvatiofi.  :i('rnrding  to  P.iihhi  and  Srhinidt, 
causes  a  diniiinitimi  in  thi*  anminO  f>f  l»ih'  si'rretiiin,  and  a  cnrrespnndiug 
fall  in  the  anjount  of  suhds/^  'Ihrir  expciiiornts  are  unsatisf;i*|i>ry.  in 
«o  fur  that  cats  were  taki*n  at  varifins  stages  f»f  starvation  tip  tn  240 
hours  aft/er  food,  ^  temiKnviry  fistula  made,  and  the  hile  scrretion 
detennined  for  a  short  periml  only,  11m*  uifkst  recent  eontrihntion 
to  our  koowdedge  of  this  su!>ject  was  rasuh*  hy  LnkjanowJ  who 
<Iet<^rinineil  the  changes  in  tfu*  vin'iou.s  sithds  of  the  hilt-  in  gninrsi-pigs 
b|)t  witliout  frwid  nr  water.  Ih' rtnK  Indos  that  hnth  the  secrflinn  iif 
water  and  of  solids  {liiMinishes  throug}jmit  the  period  ui  histing. 

From  the  iiiveatigations  on  tlie  relationshi]>  of  hile  secrotion  to 
thetiow  of  hlood  through  the  liver,  it  is  olvvions  thai  the  dilatation 
nf  the  ahdominal  vessels,  which  oecnrs  in  digest lou,  will  of  itstdf 
t^auBc  an    inereased  secretion    i>f   hilr.       Such    an   im-reased    How    has 

*  Arch,  rf.  sc.  hioi,  St.  IVlrrisl.Murf^,  ISHL',  vol.  ii. 

I  ^  Areh.  de  phtjshL  n^rm.  ffpfith,,  Purix,  isD'J,  [h  577. 

^  Htrmatii)  s  '"  Haiuntiielj,"  BiL  v.  ^S.  ^nUl 

*  Arch.  r\  d.  ifes.  Physiuf.,  Uimn,  1874,  rSfJ.  viii.  S.  IfiL 
»  Med.  JitJirk,  Wieiu  1873,  B<l.  ii. 
■  Hidrlpi-  jind  Sell  mi*  1 1»  **  Die  VortiriuutJj^Ksafb'." 
'  ZUcIir.f.  phymoi.  Chnn.,  8tra.s«buix,  lS9.i,  tJ^i.  xv4.  .S.  37. 
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Ijt^ii  ol)serve<l  hj  \  ious  iin'08tigat(ii*8.  Tlie  most  careful  observations 
ou  tlie  influence  of  fod  in  bile  secretion  are  those  i-ecordeil  by  Hopi»t'- 
Sejler.^  Tiie  expu  iments  were  made  on  a  dog  with  a  |)eniiaiient 
biliar)*  fieluk,  and  t  ley  show  that  witMu  an  hour  after  food  the  flow  of 
bile  is  slightly  and  teiupHrfirilv  increased.  It  is  very  pmlahle  tJiafc 
this  initial  increase  (  sini]ily  due  to  redex  stimulation  of  the  gall  bladtler 
and  liile  passjiges,  xpelling  the  bile  already  secretecL  Four  or  five 
hours  after  a  meal  blie  flow  m  enoiiiiously  increased,  tlie  anioiint  of 
Vale  sijlids  rising  witi  i  the  amount  of  hile.  The  extent  of  this  a£*relenit<Nj 
flow  indicates  that  it  is  actually  an  iiicreaeetl  secretion.  How  far  it 
IB  due  to  the  increased  vas^cutarity  of  the  alidoniijial  viscem,  and 
how  far  to  the  stimulating  action  of  ahsorlMiHl  mat^^rial  oii  tlie  liver 
cella»  is  not  made  manifest  l»y  the  experiments.     At  tout  nine  or  t^n 

liours  after  a  meal  there  is  a  E>ee*milary 
incre-ase,  not  so  loarked  as  the  firMt,  Imt 
lasting  for  two  ov  three  houi"S,  and  aoc^om- 
lianietl  by  a  still  more  marked  rise  in  the 
excretion  of  solidy.  The  cause  of  this  is 
unknown. 

As  to  the  special  influence  f>f  tin* 
various  ciuistituents  of  the  food,  our  know* 
ledge  is  somewhat  tlefective.  The  re- 
eearehe?*  of  K<».senberg®  and  of  Barbera/ 
on  dog«i  with  a  ]iermanent  fistula,  show  an 
increase  in  the  secretion  of  hile  and  of  the 
bile  solitk  after  ]miteid  food.  The  latter 
observer  slates  that  carbohydrates  liavc 
also  a  cerUiin  effect  in  increasing  the  secre- 
tion of  l)ile,  hiit  that  their  eftect  is  very 
small  indeed.  Both  observers  find  that 
the  athninistration  of  fats  very  markedly 
increases  the  bile  tio%v ;  but  while  in  Itosen- 
ber^'s  ex]icriijiente  the  flow  of  bile  under 
the  iiiflui'nce  of  fats  was  greater  than  with 
prnteids,  in  Barbera*s  the  increase  was  most 
marked  on  a  diet  of  flesh. 

The  accompanying  chart  (Fig.  48)  gives 
a  summary  of  Barbera's  observations. 

In  another  paper  Barbera  *  shows  that 
the  excretion  of  bile  after  a  meal  of  pro- 
teids  or  carbohydrates  runs  parallel  with 
the  secretion  of  urea,  but  that  after  a  meal  of  fats  the  bile  secretion 
increases  out  of  proportion  to  tlie  urea. 

Tiie  sliglit  increase  in  the  secretion  following  tlie  administration  of 
carbohydrates  is  probably  due  to  the  vascular  dilatation.  The  more 
marked  increase  after  fats  may  be  related  to  their  more  prolonged 
digestion,  and  tiie  correspondingly  greater  and  more  sustained  dilatation 
of  vessels.  The  increase  after  proteids  is  in  part  due  to  the  same  cause, 
but  may  also  be  due  to  the  increased  functional  activity  of  the  liver, 

^  "Physiol.  Chem.,"S.  308. 

2  Arch.f.  (I.  ges.  Physiol,  Bonn,  1890,  Bd.  xlvi.  S.  243. 

-  Bull.  d.  sc.  vied,  di  Bologna,  1894,  Ser.  7,  vol.  v. 

"*  "  Rapiwrto  tra  la  uleuiiuazione  dell  urea  e  della  bUe.** 
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INFLUENCE  OF  VARIOUS  FACTORS.  $^1 

which  has  to  deal  witli  nitrogen  in  excess  of  the  requirenieiits  of  the 
Uidy. 

After  every  kind  of  food  the  absorption  of  liile  salts  and  their  action 
on  the  liver  iniml  \ye  taken  into  iu^coiiiit  as  a  factor  in  increasing  the 
dow  of  bile  (see  \h  563). 

Influence  of  pressure  of  surrounding  stmctureB.— The  liver, 
being  situated  just  lielow  tlie  diaphragm  and  aljovo  tlie  abdnniinal 
viscera,  m  siilyect  t(i  marked  variatious  in  jiressnre.  It  lias  already 
Wn  iK>intetl  ont  that  a  consitieruble  ([uaiitiLy  nf  bile  may  collect  in 
the  bile  jjassages.  By  preRsure  frnui  adjaient  or^^ans,  tliin  may  be 
s'[neeze<J  out.  Ttie  fact^  tliat  section  of  one  va^nis  reduces  Ihe  bile  How 
ijulr  when  the  fre<pienry  of  respiration  is  diminished,^  and  that  wcftion 
•)f  the  vagus  just  alHive  tlie  diaphragm,  which  has  no  inHueuce  on  the 
rate  of  respiratiun,  loaves  tlie  bile  secretion  nnaltered,  and  that  stinuda- 
tioii  has  abo  m*  elFeet,  Keeni  to  indicate  that  tlie  tlow  of  bile  is  acceler- 
ated by  resjiiratory  juuvements. 

The  very  marked  vise  i!i  the  amnnnt  of  lijle  j>oiucd  out  l>et\veen  four 
and  eight  a.m.  in  a  case  of  biliary  tistnla,^  just  at  the  time  when  the 
[jatient  wakened  and  crajimeneed  to  nuive  about,  further  supports  the 
view  that  pre4^ure  on  the  liver  may  cause  an  increased  flow  of  l)ile. 

Direct  influence  of  nerves  upon  bile  secretion. — It  lias  already 
beta  pointed  nut  that  ihi*  seeretinn  ««f  bih^  may  br  iudireetly  ninditicd 
by  the  intluence  nf  nerves  upon  tl((^  \i\inn\  vt  ssels.  Tin-  tinw  ui  bile  nuty 
aWj  be  increased  through  the  stinnilatinn  i»f  tlic  nerves  tn  the  muscular 
coat  of  the  bile  rlucts  and  gall  bladder.  Uetlcx  stimnln-itinn  through 
tliGJ^e  nerves  i>n:d>ably  accounts  Un-  tlie  first  gusb  nf  bile  after  food  is 
Uken.  There  is,  Iiowcver,  no  evidence  that  Ktimnlatitm  of  nerves  can 
directly  increase  or  <linnnis]i  tlie  actmd  secivliun  of  l>ile — any  change 
in  tlie  Ihiw  lieing  fidly  explained  by  iTulireft  artimi.  Tlic  farts  that 
tlie  hijeetion  nf  pi]ocari>inc,  wbirb  so  juarkedly  increases  tbe  How  of 
saliva  and  of  i»ancreatic  juice,  lias  no  inthu*nce  rui  bile  secretion,^  and 
tW  atropine  has  no  action  in  arresting  the  secretion/  seem  to  oppose 
the  idea  that  there  is  any  direct  ticrvotis  itdluence  ninm  tbe  ]»roeess. 

Influence  of  various  chemical  substances  on  bile  secretion. — 
Certain  Rubstanfes,  when  introduced  into  tbe  pnital  bl«nMl,  cither  directly 
or  through  the  alimentary  I'anal,  rausc  an  ini'itsisf^  in  tbe  secietion  of  bile. 

Tarchanofl"^  found  that  wl:ien  ha  innglnbin  is  injected  intn  the  l>lood- 

vessels  tlie  hilirnbiu  of  the  bile  is  increased  in  amonni.    Slatlehnan*"  a!ul 

ifanassiew^  afterwards  denumstratetl  that  such  drugs  as  tnluyleiietHamin 

and  aT-seniuretted   hydrogen,  which   cause   the  sidutinii  nf  ha-mnglnbin 

fmni  the  bloo<l  corpuscles,  jirntluee  wA  ui\\x  an  iti<- tease  in  tin*  Idliruldri 

cf  Inle,  btit  also  an  increased  ilnw  of  bile,  ami  that  tliis  jiolythnlia  seems 

to  be  proportionate  to  the  destruciion  of  Iniinnglnbin.     It  is  tberebire 

dear  that  the  passage  nf  free  luemoglnbin  to  the  liver  acts  as  a  stimulant. 

and  may  produce  an  inerf^ased  flow  of  bile;  and  hem;e  all  snbstanees 

which   bring  aliont  an   cseaj»e   of   the  blood   colourings  natter   tend   tn 

increase  the  secretion  of  bUe, 

1  Herman D  3  "  irandlmLli/*  S.  270. 

* Eep.  Lab.  ]i<^y.  VoH.  Phm.,  Eflitihiirj^b,  v.. I  iii.  ]k  2QQ, 

*  Pafiebki^i,  Aff(L  Jakrh,  Wum,  1884,  S,  ]f*lK 

<  RuUiorford,  '^Actiun  of  Dnigs  on  tlic  S*-^TcLiim  uf  Itilo,"  EiliiiUirgh.  1S80,  [\  1*6. 

*  Arch./,  d.  tf€s,  Phifsioi,,  B'*ijn,  1874,  Hd,  iK. 

*  Arch,   f,  expir.  Path.  n.  Pharmai'oL,  Leipzi;,%  1883,  BtL  icviii,  S,  4(10. 
'  FirchmcM  Archu\  18S4,  Hd,  xcviii.  S.  400. 
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Among  LlieBe  jstances  are  the  salts  of  the  Idle  acids,  ami  all  iu- 
vestigatum  find  tiuii/  the  atliuiiiistration  of  the.se  causes  an  enoniious 
increase  in  hile  secretiou.  But  while  such  pure  haeriiolyties  as  toluy- 
lenecharain  aud  arseniiwetted  hytlrogen  cause  only  a  transitory  increase 
in  the  secretion,  and  prodiiee  a  very  coneentrat^i^d  l.*ile,  the  bile  salts  not 
only  markedly  incr'  ase  the  solids,  liut  alao  the  water  secretetl.  The 
foUo'wiug  record  of  c  tie  of  Eosenberg's  ^  experiment-s  shows  this  eflect  i- — 


Time  In  HoiitK 


At  8.3(^-9.30  A.M.     . 
,,  &.30-in,30  ,, 

„  10.30-11. ao  ,.    . 

,,   11.30a.M.-12.30t'.M. 
„  12. 30-]. SO  r.M.  . 


AnioTinl  of  Bil«. 


4-7673 


Per  Cijoit  ©f 
Wnter. 


U'i 


5^6 


10  grs.  bile  with  I'lS  grs.  mW^  giv«»  %X  9,30 


6  9095 
12*9783 

s*a&a2 

2'a897 


88 '9 


4  i 

11 '1 


Again,  St.adelnmu'a  work  sliows  that,  while  the  ordinary  h^'molytica 
do  not  increase  the  Hccretion  of  liile  salts,  tlie  administration  of  the 
bile  salts  leads  to  a  marked  iiicieaae  in  tlieir  percentage  amount  in  the 
bile.  Paschkis  experiments^  indicate  tliat,  wJiile  glycine  and  taurine 
have  little  action  as  cholagogues,  cliolalic  acid  is  exceedingly  active.  It 
would  thus  seem  that  these  substances  act  not  only  in  virtue  of  their 
hemolytic  action,  but  by  reason  of  a  special  stimulating  influence  upon 
the  liver  cells. 

Salicylate  of  soda,  which  also  has  a  haemolytic  action,  greatly 
increases  tlie  flow  of  bile.  But  while  the  bile  salts  cause  an  increase 
in  tlie  solids,  this  substance  produces  a  very  marked  dilution  of  the 
bile  (Kutherford,-"*  Lewaschew,*  and  Eosenberg^). 

One  of  Rosenberg's  experiments  is  here  given  to  show  this  efiFect. 


Time  in  Hours. 

Bile  Secreted. 

Per  Cent,  of 
Water. 

Per  Cent  of 
SoUds. 

At  8-9  A.M.       . 

1-2944 

80-6 

19-3 

.,   9         ,,         .          .          . 

2-0  grs. 

salicylate  of  soda  given 

,,  9-10   ,,         .         .         . 

6-2885 

90-7 

9-3 

,,   10-11  „        .         .         . 

•1-2914 

92-3 

7-7 

,,    11   A.M. -12  UOOll 

4-5218 

921 

7-9 

,,   12  iioon-1  P.M.    . 

4-64.37 

91-8 

8-2 

^  Lor.  cit.  -  Loc.  cit. 

'  "Action  of  Drugs  on  the  Secretion  of  Bile,"  Edinburgh,  1880,  p.  118. 

*  ZtRchr.  f.  IJin.    Affid      Ri^rlin    1 S84     RH.  viii    .«;   fi7 
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Riitijerforrl,  Yignal,  and  Bockls  have  experimented  with  a  very 
large  niiml>er  of  drugs,  which  were  injet'ted,  dissolvetl  in  liilt%  into  tlie 
duoileiiiim^  The  ftction  of  certain  uf  liieae  tlriigs  lias  been  rtviuvesti- 
gated  bj-Pasohkis^  and  by  Lewaschew,^  whose  resnlts  do  not  in  all  canes 
TOiitjrra  those  of  tlie  jjrevious  observers-  It  is,  however,  unnecessary  tn 
consider  them  in  detail  Naunvn*  siinis  u]>  the  matter  liy  sayint^, 
''Many  suljstances,  when  taken  into  tlm  sttaniacli,  ami  more  surely 
still  when  introduced  into  the  duodeunni  (Eutherfr>rd),  apjiear  to  pro- 
iliiee  under  eert<ain  conditions  a  slight  increase  of  the  hiliary  secretion. 
But  the  influence  of  these  sulot^mres  upon  tlie  secretion  of  bile  is 
micert4iin,  and  ne%er  a  i>otent  one.'* 

General  Conclusions. 

From  a  study  of  the  meelianism  of  bile  secretion,  it  is  manifest  that 
in  ifca  bile-pI'o^^ueing  function  the  liver  ditlers  from  most  otlier  glands, 
since  its  at^tivity  is  not  under  the  direct  control  of  tlie  nervous  ,svstem, 
b]t  is  moditied  by  tfie  ebb  and  ilow  of  the  b]*><ni  stream,  and  by  the 
Jnliiience  of  varioujs  chemical  substances,  anch  as  the  salts  of  tlie  bile 
aciils. 

The  relationship  of  bile  secretion  to  the  other  functions  of  the  liver 
15  in  many  points  still  obscure.  Tliat  the  disiiiteufratinn  ni  ha-mo^dolan 
ami  the  formatimi  of  bile  pigments  are  clo.scly  comicctcd,  i.s  definitely 
knmin  (p.  5Go).  That  these  two  functions  are  ccMnuxted  with  the 
proriuction  of  urea,  is  shown  )»y  the  fact  tliat  llie  adniiidstiation  of  hauno- 
lytic  agents,  such  as  tohiylenediamin,  iiyrogallic  acid.  et<'.,  wliicb  increase 
the  fonnation  of  bilirubin,  cause  a  jnoportiimale  inci*ease  in  the  dia- 
int^fration  of  red  Idood  c(*rpnscles,  and  in  the  exr  retion  of  urea." 

How  far  the  formati<in  of  the  amiilo-acids  of  the  bile  sidts  is  con- 
necter! with  the  disinte^n'ation  of  ]>roteids,  cannot  In*  consiilerod  as 
settled,  but  the  evidence  adduced  on  p.  502  sug*^ests  that  such  a 
reklionship  exists.  If  this  he  the  case,  the  formation  of  biliary  con- 
stituents must  be  connected  with  the  manufacture  of  j^lycogen  and 
glucose  from  proteids.  The  hirmatinn  of  bile  seems  imh"|*endent  (if  the 
i«ere  aeeumulation  of  carltobydrates  in  tlie  liver. 

The  Yarions  com]K>uuds  of  fatty  acids  in  the  bib'  arr  [>roba1>ly 
derived  from  the  fsitty  acirl  com  pounds  ston^l  in  the  liver  (p.  504). 
The  nucleo-proteid,  the  nuicin,  and  the  cholesterin  are  probably  to  be 
regarded,  not  as  true  biliary  crmstituents,  but  as  irrodncts  of  tlie  Itile 
passages.  As  to  tlie  relationslii])  of  tlie  inor-canic  salts  of  the  bihi 
with  the  other  hepatic  functions,  uothiuL^f  is  known. 

^  Ratberforrl,  loc.  eif.  -  Lcic.  ciL  ^  Lor,  cit. 

*  **Cbolelitlua*4iH,"  tiannliLted  Ihy  A.  K.  tJarrrnl,  Xnr  StjiL  Soc,  p.  17*J. 
•Noel  Paton,  Brif.  M^d.  Jonm,,  London,  1&><t,  vi»L  iL  p.  207. 
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in  its  Amount  and  Specific  Gravity,  p.  673 — Its  Chemical  Reaction,  p.  574 — 
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General  considerations. — The  cheiiiic-al  study  of  the  urine  gains  its 
chief  iniportauce  from  the  light  which  it  throws  upon  the  processes  of 
iiietabolisin.  It  is  concerned  mainly  with  a  considemtion  of  the  nature 
and  amount  of  the  various  metabolic  end-products,  normal  or  patho- 
logic<al,  which  converge  into  and  appear  together  in  the  highly  complex 
excretion  of  the  kidneys. 

The  great  importance  of  this  point  of  view  has  led  to  perhaps  undue 
neglect  of  a  second  asi)ect  of  the  subject — the  consideration  of  the 
renal  excretion  as  a  complex  whole;  as  a  chemical  fluid  with  individual 
characters  of  its  own;  characters  which  are  not  to  be  foretold  from  a 
knowledge  of  the  nature  and  amount  of  each  constituent  considered 
separately,  but  re(iuire  for  their  explanation  the  further  consideration  of 
the  mutual  ell'ects  of  the  constituents  one  upon  another,  as  they  exist 
side  by  side  in  solution. 

This  study  of  the  properties  of  the  urine  as  a  whole  must  be  pursued 
if  we  are  to  umh^rstand  with  exactness  the  nature  of  the  processes  which 
go  on  in  the  kidney,  and  if  we  wish  to  interpret  aright  the  ultimate 
]>eliaviour  of  any  given  type  of  urine  while  in  the  urinary  passages,  or 
after  it  has  left  the  body. 

r>ut  while  the  first-mentioned  line  of  study  requires  in  the  main  the 
services  only  of  analysis — the  earliest  and  best  understood  of  the  wea]H)ns 
<»f  cluMiiistry — the  secc»nd  de]>ends  u])on  our  more  recently  won,  and  as 
yet  very  iii((.iii]»lele,  knowledge  of  chemical  statics,  and  of  the  conditions 
of  equilibrium  in  salt  s(dutions. 

All  the  cliirf  [»roximate  c(»nstituents  of  normal  urine  exhibit  either 
]»asic  (tr  acid  cliaracters.  Inditlerent  or  "  neutral  "  substances  are  norm- 
ally either  absi-nt,  or  present  in  minimal  amount.  The  bases  and  acids 
present  necessaiily  enter  into  more  or  h^ss  stable  combinations,  and  it 


GEjYERAL  considerations.  S7i 

follnws  that  the  urine  i«  esseiitiitUy  u  .suliiiioii  of  stilts :  it8  chemical  and 
phv.sical  properttas  lieiiig  tliose  of  a  complex  Biiline  iiiLxture: 

The  chief  bases  are  pKitassiimi,  sutliiiiiu  and  animoiiium  ;  calcium  aud 
m;^ni^sium  ;  ui*ea,  creatiniii,  ar^rl  the  xaiithiii  IxiseB.  The  chief  acids  are 
hviimcliloric  ami  Bulpliuric ;  phosphoric  and  carbonic:  uric;  oxalic;  with 
liij^puric  and  certain  other  aromatic  acids.  To  the  acid  group  belong  also 
uuiiuubtedly  the  pngments. 

Tlie  particular  combiimtii)ns  fonneil  in  tlie  nriue  by  these  various 
acids  and  bases  deitend  piiuiarily  kwi  their  relative  masses  ami  avidities; 
the  ultimate  equilibrium  of  the  tiuid  de|M_'iiding,  secondarily,  on  the 
mutual  influences,  in  solution,  of  the  salts  which  potentially  tend  to  form 
as  a  lusidt  of  the  two  factore  just  iiientioue<L  It  shtudil  be  uudemtood 
tluit  our  present  knowledge  does  tint  carry  us  far  towards  a  calculation 
f)f  this  Complex  erpulibrium  in  auy  jiarticidar  case.  When  we  have 
determined  by  analysis  the  pr<tiiortiuns  of  the  variiuis  bases  auil  acids 
pre>jent,  we  may,  for  coivvenience,  gr<>up  them  'mU\  various  suppositiliuus 
cnmbinations  one  with  another,  and  speak  <if  the  urine  as  contiuning  bo 
much  si"Mlium  chlorule,  so  much  ''earthy  i^hfisfibates/'  aud  the  like;  btit 
feiich  groupings  viin,  with  our  present  l<Hi)\vlcdge,  Im:*  tor  the  most  part 
approximate  only;  and,  if  insisted  upon  too  clusely,  may  be  misleading. 

If  the  chemistry  of  urine  bad  to  be  read  nieridy  as  a  iinal  chapter  in 
the  liistoiy  of  nielabolisrji,  the  actual  eomlitiou  of  the  aci<ls  and  bases 
present  would  be  of  little  ijupiutance  t(»  the  }»hysiologist  or  to  the 
[ittthologist.  The  nature  aud  amount  of  these  coustitueuts  having  lieeu 
determined,  each  would  be  considered  in  roimcctiun  with  the  organ  or 
tissue  the  nietabolism  of  wlii<'h  is  rcsjionsiblc  for  its  ai>]tcarance  in  the 
urinejaml  the  cheudstry  of  tlie  latter  would  be  of  no  further  iiiii*ort. 

But  the  case,  as  we  have  said,  is  otherwise.  The  two  cimditions  of 
chemical  equilibrium  repi'esented  respectively  by  the  expressions — 

(1)  CaSO|  +  :i(NairJM»;)  [three  mnlci-ulcs] 

(2)  Na^SO.  +  t.'adiJtJ,),  [two  uiolecules] 

involve  each  of  them  the  same  amount  of  the  bases  aud  acitis  oiaiccrncd  ; 
but  the  presence  <jf  the  tii^^t  coudauatiou  in  the  uriuc  mighl  involve  a 
renal  activity  quantitatively  as  well  as  ([ualitati%"ely  diMerent  from  that 
wliidi  would  lie  indicated  by  the  i>resence  of  the  latter,  l-iirtber,  a 
kjiowledge  merely  of  the  i>ercentage  of  uric  aoid  in  a  given  sj>ecimen 
of  urine  will  by  no  means  give  w^i  Iinal  infnrnkati*>n  as  to  tlic  power  of 
tbe  Huid  to  retain  this  cnnstitueut  in  solution,  One  individual  may 
excrete  a  lai-ge  ^KLTcentage,  and  yet  have  no  tendency  to  suffer  from 
'inc  acid  gravel ;  another  may  not  be  free  from  this,  thougli  be  habitually 
eiciete  a  lower  |»erceutage.  To  ex]dain  this  we  must  understand  the 
iaflueuce  of  other  urinary  constituents  \m  tlie  solubility  rd"  uric  acid;  in 
other  words,  we  must  study  the  prnpprties  of  the  urine  as  a  whole. 

Enough  has  been  said  to  show  tliat  we  are  mtt  to  reuuiiu  t^outent 
with  analytical  figures  alom:*.     The  futuie  study  of  the  urine  will  con* 
cem  itself  also  with  the  application  of  facts  derived  fioui  that  domain  of 
chemistry  which  deals  with  the  distribution  td"  cheuncal  forces  in  com- 
plex mixtures.     At  present  we  have  but  little  available  knowledge  of 
this  kind,  and  manyininary  phenomena  are  c<nisequerdly  but  imperfectly 
underHtood.     We  may  instarH-e,  howcyer,  a  gem:^ialisation  made  from  the 
experinieutal  and  mathematical  investigatinn  nf  the  nmtual  intlueuce  of 
salts  in  solution,  which  is  cafKible  of  iHurtediatoa|>plicati<»n  to  our  sidiject. 
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Tf  twii  salts  contain  an  electrical  ion  in  comijioii  (cji*  without  great  iiiac-      . 
curacy  we  iniiy  Ray,  a  l>a8e  oraciil  in  couniioii),  cadi  derrensi's  the  solubility  ■ 
nf  the  other,  whereas  salts  whicli  contain  no  hase  or  aeid  in  common  V 
may  mutually  imrcase  each  the  others  soluhility.     Tims  the  presence  (»f 
sodium  chloride  in  solution  will  diminish  the  solubility  of  sodium  urate,* 
and  aoiTnoniuui  chlori<]e  that  of  annooniuni  urate  ;  Init  the  pi^esence  of  I 
either  nf  these  ddoritles  will  increase  the  solidiility   of  (say)  calcium 
phosphate.     These  laws  will  l»e  found  to  have  important  application  m 
the  explanation  of  certain  urinary  phenomena. 

In  addition  to  products  which  arise  from  metal ujlism  in  the  tissues*- 
the  urine  contains  suhstanees  which  are  derived  more  flirectly  from  tlioj 
ingesta.     These  comprise  a  large  proportion  of  the   nonnal   inorguiio^ 
constituents,  which  are  always  found  in  the  diet  in  excess  of  the  ne«i» 
of  the  organism ;  and  they  may  consist  also  of  substances  aeeidenlal  or 
accessory  to  the  diet,  or  again  of  dings,  or  of  substances  experiiuent&UT 
introduced  into  the  body. 

Some  of  these,  while  taking  no  share  in  metabolism   proper,  maj 
form  '* conjugated"  or  synthetic  compounds  with  certain  inteiTuediat 
products  of  metabolism,  and  so  modify  excretion.     Thus  glycin  anAj 
glycuronic  aci<l  are  substances  capable  of  easy  oxi<lation   in  the  bo»h%f 
and  aj-e  therefore  iK^t  jiroperly  termiiial  products  of  met^iboHsm ;  bulrl 
they  are   protected    from  oxidation   and   are   eliminated    as   synthetic 
compounds  with  certain  aromatic  substances,  whenever  the  latter  art] 
absorbed  in  satlicient  quantity  from  the  bowel. 


Quantitative  Composition  of  the  Urine. 

The  figures  which  follow  are  from  the  well-known  table  given  liyj 
l*arkes,  ivpresentiiif^  tlie  normal  twenty-four  he aii-s*  excretion  of  the  chi^f 
urinarv  constituents : — 


PerccnU^e 

C-ompodition 

ofSolida. 

Abeolatfl  Wc^ht 
of  Sotidfl  Id  Onna. 

Creatinine,  C^HtN.O 

Uric  acid,  C,1I,N,0,        . 

Hippuric  acid,  C^HsNOa  . 

Pifftiieiit  mid  other  mgaiiic  iinbatancea 

Soljdmric  acid,  SO,  . 

Phosphoric  acid,  P,  0 5 

Oalciiim    ,..,.. 

Magoesioiii 

PotEiHsium 

Sodiyjfii 

Chloriijo   ...... 

Amfnonia  ...... 

45-75 

0*75 

0-55 

13-70 

2-77 

4-36 

0-35 

0-2S 

3-46 

W29 

10'35 

33-18 
0*91 
0-55 
0'4f> 

10*00 
201 

0-21 
2-50 

iroy 

7-50 
077 

0*5000 
ODIM 
O'OOW 
0*0060 
01510 
0-0S05 
0*0150 
0  0001 

0-oooa 

01)420 
0-l«61 
0  1260 
OUUO 

lUO'OO 

72-6i 

vmi 

1 


In  the  following  analyses,  derived  from  Bunge,  all  the  figures  were 
obtained  from  t!ie  same  individnaL  Tliey  represent  the  twenty-fotir 
hours'  excretion  of  a  yoimg  man ;  in  tlie  one  ciise,  upon  a  diet  am- 
sisting  entirely  of   beef  witli  a  little  salt  and  spring  water;   in  the 

*  As  was  shown  cxijori men  tally  by  Sir  WilliaTii  Roberta,  before  the  gfneral  pimdplil 
enunciated  iibove  had  been  develoi>ed  by  Neriist. 
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other  case,  upon  a  diet  of  bread  with  a  little  butter,  agam  with  watei* 
is  a  kverage :— 


^ 

Meftt  Diet, 

Hi-t^od  Diet 

1 

1  fnUl  measure  of  urine  in  twenty- four  hours 

Umi . 

1        Creatinino 

,         Uric  acid 

Sulphuric  acid  (total) 
1         Flioephoric  arid         .... 

Lime          *,.... 

Magiieiiiji  ...... 

PotAiih 

1         Soda          ...... 

Chlorine    ,....♦ 

1672  c.r. 
67-2      grms, 
2-163     ,, 
]-398     ,. 
4-674     ,, 
3-437     „ 
0*328     ,, 
0-2&4     ,, 
3-308     ,, 
3-991     ,, 
3-817     „           , 

1920  C.c, 
20-6      grins. 
0-961     ,, 
0^253     „ 
1-265     „ 
l*6r.8     ,, 
0-339     ,, 
0139     ,, 
1*314     ,, 
3-923     ,, 
4  9915     ,, 

These  analysers  are  interesting  as  showing  the  efl'ect  of  two  widely 
differing  foriiis  of  tliet ;  but  they  must  not  !>e  taken  as  ty]iical  of  the 
rektive  effect  of  animal  and  vegetal ile  diet  in  any  absnlnte  sense.  Ab 
repirds  such  factors,  for  instanee,  as  the  relative  propoiticjn  1  between 
(irea  and  uric  acid,  we  shall  find  that,  even  wlien  one  or  otiier  ^^f  the 
two  tyj3ea  of  diet  (animal  or  vegetJibh")  is  ijilhereil  to,  great  dittereiices 
may  be  Been  as  the  efl'ect  of  variation  in  tlie  sjiecitie  eomjtosition  of 
eitlier.  Indeed »  no  great  importance  must  be  attacbetl  to  the  details  of 
collective  quantitative  analyBCS  uf  the  urine,  exccjit  where  the  diet  itself 
\m  l)eeri  simultaneously  analysed.  Wliih*  alnnidant  oliHcrvations  of  this 
kind  have  liecn  publiwhed,  relating  t<^  jiarticular  constituents  of  the 
mm,  no  collective  analyses  appear  to  have  been  made  u[M)n  tbe  same 
specimen  of  urine  after  a  diet  of  known  f[uantity  and  conqiusition. 

Tia?  followiug  figures,  which  give  tlie  mean  of  many  detenniuations 
made  liy  Yvon  and  Berlioz,  show  the  ditlerencrs  in  tlie  excrctinu  of 
pertain  constituents  by  males  and  females  respectively : — 


liALE. 

Fkhale. 

Per  Litre. 

F^r  Wem. 

I'er  Litre. 

Fer  DIera. 

Specific  gravity 

*.. 

r0225 

-^1 

t*0215 

Volume  , 

1360  c.c. 

1100  c.c. 

r«*      .       .       . 

21  'fi  gnns. 

26-5  grnij*. 

19  0    grnis. 

20-5   gmis. 

trie  acid 

0-5      ,. 

0-6      „ 

0-55     „ 

0-57     ,. 

PliOBphoric  acid 

2Ti      „ 

3-4      ,, 

2-4       .. 

2-6       ,, 

\ 

Thk  Quaktity  of  Uiuxe  and  its  Specific  Gravity. 

A  human  adult  exerctcs  from  lliOO  to  1700  ac.  of  uriue  in  tlie 
twenty-four  hours,  or  about  1  c.c.  per  kilo,  of  body  weight  per  hour. 
Oaring  sleep  the  amount  is  less  tljan  at  otlier  times.  The  speeitic 
gravity  commonly  varies  from  lOlri  to  1025.  and  is,  in  generab  inversely 
as  the  quantity  excreted. 
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limits  \\m     y 


B<ith  fartons.  liowever,  iiiay  vary  through  much  wider  limits 
those  given,  without  oiiy  <lei«irture   fnuu  eoiiditions  of  health.     Ttic 
("hief  fuiiwH  which  load  to  iiu'iT'ELse  of  rpiaiititjaiid  diniimition  of  deniily 
arc*  iucreaned  ciuiBuui}ptiun  of  liquid  and  diiniiiished  acti\nty  of  the8wt?ail- 
glaiids.     With  ah8teutioii  froni  liquids,  or  increased  activity  of  thedfin,! 
the  amount  necessarily  falls,  and  the  density  is  mised. 

Increase  iti  the  quantity  may  follow,  not  alrme  from  a  heightened! 
tiuaiitity  of  water  in  the  hlood,  hut  from  any  inflnenee,  normal  orl 
luithologieaU  which  increases  the  blood  How  thruugh  the  kiilneya 

FatholofpmUff   tlie   quantity  is  increased  in  diabetes    mellitim  aod 
insipidus,  in  certain  stages  of  chronic  nephritis,  and  in  some  neurotic 
eouditions;  it  is  decreased  in  the  early  stagers  of  acute  nephritis,  in  tlwj 
congestive  condition  of  cardiac  diseuHc,  and  when  large  quantitie4sof  fliiidl 
are  lost  by  tlie  bowel,  as  in  cliolera.     The  specific  gravity  is  increased  inj 
diabetes,  and  diminished  in  chronic  nephritis. 

The  specific  gravity  is  rouji^hly  an  indication  of  the  amount  of  tini 
urinary  solids.  It  cannot  indicate  the  amount  with  exiictuess,  as  tlie  J 
8nhst4inco9  in  solution  are  of  vnriotis  physical  properties,  and  are  not  aSl 
capable  of  iucreiisiiig  tiie  density  in  like  proportions.  Thus,  wliile  a  10 
cent,  solution  of  common  salt  has  (at  \Ty)  a  specific  gravity  of  al>out  1073|1 
a  10  per  cout^  sokition  of  urea  indicates  ordy  1028.1  ^^  increase  in  tlisl 
urinary  saliniis  would  tlie  re  fore  have  a  much  greater  effect  in  raising  tliaj 
specific  gravity  than  a  like  increase  in  the  nrea.  A  knowledge  of  the  actnijj 
weight  of  iiolids  present  seldom  becomes  of  much  importance.  It  may  1»| 
obtained  with  sufficient  accuracy  by  multiply iog  the  last  two  figures  of  thi ' 
sp.  gr.  by  2 '2  ;  the  result  indicating  the  total  solid  matter  in  grammes  pif 
litre.  TliUH  a  specimen  of  sp,  gr.  1020  contains  about  44  grms.  per  litre  of 
eubstauces  in  solution. 

Chexucal  Reaction. 

Acids  and  bases  are  so  proportioned  in  hmnan  urine  that  the  mixed 
excretion  of  twenty-four  houra  generally  reacts  acid  to  litrans  paper.  It  I 
may  sometimes  exhibit  the  so-called  ampliotericreaetion^a  phenomenon 
to  be  later  discussed — but  inuler  strictly  normal  ciiTiiinstanc^  tk 
acennndated  excretion  of  the  day  is  never  alkaline  to  litmus.  On  llw 
other  liand,  during  limited  periods  of  the  daily  cycle,  it  may  sometimes, ' 
though  not  commonly,  become  alkaline. 

Litmus  is  imldened  both  by  aciils  and  by  aciil  salts ;  but  there  affli 
other  culouted  indicators  which  behave  diflerently  in  the  ptt?senw» 
free  aciils  and  acid  salts  respectively.     Wlien  sucli  are  applied  to  uniii»1 
they  show  unequivocally  that  the  fonner  are  never  present,  and  we  ar 
thus  forced  to  the  conclusion  that  urine  owes  its  acidity  to  acid  salti 
It  will  be  shown  immediately  that  we  may  conclude  with  some  certAint| 
that  the  reaction  is  due,  as  a  matter  of  fact,  to  the  pi-esenco  of  ac 
phospliates. 

The  nitrogen,  carbon,  phosphorus,  and  sidphiir  of  food-stuflk  are  atti 
capable  of  oxidation  to  acid  anliydndes,  and  the  last  three  elements  ai«j 
in  fact  oxidised  to  this  acitlic  form  in  the  body.  Tlie  chief  protluct  «f 
the  oxidation  of  carbon,  carbon  dioxide,  may  play  a  not  unimportaflt 
role  in  the  equililirium  of  urinary  acids  and  bases,  and  the  existence  of 
oxidined  carbon  in  tlie  molecules  of  certain  organic  compounds  in  tk 
1  A.  H.  Allen,  ''Chemistry  of  Urine,"  1895,  p.  11 


CHEMICAL  REACTION.  575 

urine  confers  upcja  them  a  definite  firiJie  (liarfu  ter.  'Die  aeid  oxitles  of 
phosphorus  and  sulphur,  wljieli  are  tlie  chief  einl-|>iiMlnets  ni  \\\{}  meta- 
bolism of  these  two  eleuieuts,  are  eliiniufiteil  almost  entirely  thr(ni*^li 
the  kidneys,  Ei<^hty  i*er  cent,  of  tlio  total  Hulpliur  ii\^ested,  and  nearly 
all  the  phosphoru!^,  ai*e  eventually  found  in  the  nrine  as  wuljihuric  and 
pliosphorie  arids  resj>eetively.  Tfiat  these  aeids  are  eliminated  as  salts, 
m\  not  in  the  free  state,  dejiends  in  the  uiain  u]»c>n  tiie  faet  that  hases 
Are  contmually  l^ein^^  iugested  in  the  fuinl  in  a  form  available  fm  the 
jieatraliaatiou  of  acids.  The  hasea  of  the  food  are  not  all  in  the  state 
of  stahle  neutral  mXXm,  Even  animal  food  eon  tains  basic  ]  phosphates, 
together  with  organic  (proteid)  eondiinati^ais  of  the  alkalies  and 
alkaline  earths,  and  small  quantities  of  alkaline  carlKmatee ;  while 
regetable  fiXHl  eont^iins,  in  aiMitioo,  salts  of  the  vegetable  aeids,  which 
k  the  Ixuly  are  converteil  into  (^arlwrnates  by  oxidatiom  By  the 
ingestion  of  these  unstable  ennip(>uuds  of  varions  bases,  the  organism 
is  saved  from  the  nee^^Bsity  of  eliminating  fi-ee  mineral  aeids.  When 
ihe  supply  of  available  bases  is  for  any  reason  insufficient,  a  further 
protective  mechanism  comes  into  action,  metalKilisni  l>eing  so  modified 
that  a  greater  j>roiH>i1ion  of  the  nitrofren  than  usual  is  eliminated  in 
the  stmn^ly  hasie  form  of  amnnuua.  All  these  faetoi's  are  miruially  so 
ptx)| portioned  that,  as  we  have  seen,  the  uriiie,  while  containing  no  free 
acid,  is  aeid  fnuii  aciil  salts. 

Phosphoric  acid  (H^PO^)  as  a  trilmsic  acid  forms  three  orders  of  salts. 
Tkose  in  which  two  out  of  the  three  hydrogen  atoms  of  the  acid  molecule 
ii<e  intact,  are  known  as  acid  or  6Uperpli>>sphatcs.  They  uru  sohible  salts,  and 
react  a«id  to  litmus.  The  second  ty[te,  in  wliich  two  hydrogen  atoms  are 
replaced  by  a  hase  (monoliydrogen  phosphate.^),  and  the  third,  in  which  all 
the  hydrogen  is  replaced  (normal  phosplKites),  are  alkaHiie  to  litmna.  While 
ill  varieties  of  the  phosphates  of  soiliuni,  [Hjlassiani,  and  aannoiiiiuu  are  freely 
diswived  by  water,  of  the  alkaline  earth  luetaU  oidy  the  su|ierphosphateB 
we  at  alt  freely  soluble.  The  mniiohydnigen  antl  nuriual  phosphates  of 
olciom,  magneaimiij  and,  we  may  add,  of  barituu,  arc  scarcely  taken  up  hy 
water. 

If  to  a  weak  solution  of,  say,  smlium  -  «lihy<lrogen  -  phosphate 
(JfaH^'O^)  calcium  ehhuide  or  barium  chlnride  be  added,  no  pre- 
cipitation occurs  ;  tlie  corresponding  salts  uf  these  latter  metals  being 
comparatively  soluble.  On  the  other  haml,  from  a  solution  of  di- 
Sfidium-rnoDohydrogen-pliosphate  (NaJlPO^)  nearly  all  of  the  pbos- 
phoric  acid  is  precipitate<l  on  the  additiun  t)f  a  calcium  or  barium 
salt,  in  the  form  of  the  corresjionding  miinnbydrogen  phos]ihate  of  the 
alkaline  earth.  In  any  mixed  solution  uf  di-  and  monf^hydrogen 
phosphates,  the  amount  of  phosphoric  acid  which  is  left  unprecipitated 
hf,  say,  barium  cbloride,  is  a  measure  of  the  prr>portion  of  the  di- 
hydrogen  phosphate  originally  present,  Kow,  if  wc  apply  this  test  to 
urine  of  average  acidity,  we  find  that  about  GO  per  cent,  of  tlie  total 
phoephoric  acid  remains  in  solution  after  the  addition  of  the  barium 
chloride.  We  are  justified  in  concluding,  therefore,  that  acid  di- 
hydrogen  pliospliates  are  present  in  about  this  ]>roi»ortion ;  a  fact  in  itself 
sufficient  to  account  for  the  acid  reaction  ^A  the  tluid  towards  litmus.  The 
composition  of  the  barium  pi-eeipitate  frrjui  an  acid  urine  proves  that  the 
remaining  phosphoric  at  id  is  maiuly  in  the  form  of  monohydrogen  salts. 

ff,  now,  we  suppose  the  excretion  to  receive  an  increased  quantity 
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of  the  aciil  pri  .  of  metabolism — what  vdW  be  the  effect  on  the  dis- 

tribution nf  bases  .  It  lias  been  shown  experimentally,  that  if  to  a 
mixed  solution  of  J  uono-  and  di-hydrogen  phosphates,  a  minei'al  acid 
(such  as  .sulplmri  acid)  be  added,  in  quaatity  not  gieater  than  is 
equivalent  to  the  aes  present  in  the  monohydrogen  form,  iio  free  acid 
is  afterwiiidg  fom  in  solution;  but  tliei-e  will  be  an  increase  in  the 
dihydrogen  plioapl  ies  at  the  expense  of  tlie  inonohydTOgen  phoBjdiatea 
in  proportion  to  i  amount  of  acid  adtled.  Not  only  is  this  tnie  eif 
sulphuric  arid  ;  it  m  been  shown  that  all  the  weaker  acids  or  acid  saltn 
which  are  liable  t  reach  the  urine  from  the  circulation  {t.g,  hippnrie 
acid  or  acnd  oxala,  is)  are  able,  when  atided  to  a  solution  of  tlie  mixed 
pho8phat(*s,  to  i-emove  base  fi^oni  the  nionohyilrogen  form,  and  so  to 
produce  a  1  must  an  equivalent  increase  in  the  acid  phosphates.  So  long, 
therefore,  as  both  these  tj^es  of  phospliate  exist  side  by  side  (and  tliey 
are  always  found  together  in  acid  urine),  we  can  assume  that  the 
acidity  of  the  fluid  is  due  to  the  acid  phosphate,  and  pi-actically  to  that 
alone.  The  simultaneous  existence  of  tlie  monohydmgen  form  wOl 
be  seen  to  be  a  guarantee  of  this,  as  it  will  have  to  fliftapfiear  by  inter- 
change of  bases,  Ijefore  any  other  urinary  c-onstituent  c-aii  begin  to  exert 
its  own  pruper  acidity  to  any  appreciable  extent. 

When  the  urine  reacts  alkaline  to  litmus,  the  alkalinity  m^y  under 
different  rii  cumstances  be  flue  (1)  to  excess  of  basic  phosphatesj  (2)  to 
carbonates  uf  tlie  Hxed  alkalies,  or  (3)  to  ammonium  carbonate. 

Determination  of  the  acidity,^— It  is,  as  we  have  seen,  not  difficult 
to  assign  the  aci(hty  nf  thr^  uriue  to  its  proper  cause;  but  when  we 
endeavouT'  In  <liseover  a  methrnl  by  which  to  estimate  the  decree  of 
acidity,  and  especially  a  mode  in  which  to  express  its  value  numeric- 
ally, we  meet  with  considerable  difficulties. 

In  the  case  of  a  fluid  the  acidity  of  which  is  due  to  a  strong  acid, 
capable  of  forming  stable  salts  with  the  alkalies,  the  ordinary  methods 
of  acidimetry  yield  a  determinate  result,  and  the  estimation  of  acidity 
is  one  of  the  simplest  operations  in  chemistry.  We  have  but  to  note 
tlie  amount  of  a  standardised  solution  of  alkali  which  is  sufficient 
exactly  to  neutralise  the  acid  present,  and  the  point  of  neutralisation  is 
given  sharply  and  exactly  by  the  colour  change  which  occurs  in  the 
presence  of  one  of  many  available  indicators.  In  urine,  owing  to  the 
unstable  pliosphate  equilibrium,  and  the  presence  of  other  salts  which 
influence  tlie  result,  the  process  is  much  less  determinate.  To  litmus, 
as  already  stated,  a  dihydrogen  phosphate,  e.g.  NaHjPOi,  is  acid,  while 
Na2HP04  and  Na3P04  are  alkaline ;  but  no  mixture  of  these  salts  can 
be  found  which  is,  strictly  speaking,  neutral  to  litmus  paper. 

If  we  start  with  a  urine  acid  to  litmus  and  gradually  add  alkali, 
we  at  last  reach  a  point  when  the  fluid  shows  a  paradoxical  behdviour. 
It  makes  red  litmus  paper  tend  to  blue,  and  blue  paper  tend  to  red, 
inducing  in  fact  a  somewhat  violet  colour  in  both.  It  reacts  at  once 
acid  and  alkaline.  This  occurs  when  the  monohydrogen  phosphates, 
which  during  the  addition  of  alkali  are  gradually  increased  at  the 
expense  of  the  dihydrogen  salts,  have  come  to  bear  a  certain  proportion 
to  the  latter. 

Many  urines  exhibit  this  so-called  amphoteric  reaction  without  the 

^  I  have  discussed  this  subject  at  what  may  seem  disproi>ortionate  length,  but  the  pro- 
blem involvcil  illustrates  well  the  complexity  of  chemical  conditions  in  tlie  urine  ;  and 
much  has  been  written  upon  it  of  late  on  what  I  venture  to  believe  are  erroneous  lines. 
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addition  of  extraneouB  alkali.  The  reactiun  usually  betokens  that  the 
monahjiirogeii  salts  exist  in  larger  proixjrtiou  tliantlieflihydrogeu,  butit 
prevails  through  a  wnsiderable  i-aiige  of  vaiiatinns  in  this  propurtion ; 
il6  exact  limits  deiteudiu^r  in  jnirt  upon  the  delicacy  of  the  litmus  paper 
need.  Thron^Hiout  tlie  lange  of  the  aniphuteric  reaction  a  solution  of 
litmus,  actually  mixed  with  the  Huiil,  retains  a  violet  or  neutral  cciluur 
pmctically  imcbanged. 

Heintz  atfcempted  to  explain  this  amphoteric  reaction  an  follows.  The 
red  colouring  matter  of  litmus  aeU  as  a  diba.4it^  acid,  foriuin*^  with  bases, 
either  uiLsaturated  salts  which  are  violet,  or  satunited  salts  whicli  ar«  blue. 
From  the  saturated  salt  the  dihyiragen  idiospliates  may  extract  half  the  base, 
leaving  the  unsaturatetl  violet  salt.  Tlie,  niMnohydrof^eM  plitispliates,  on  the 
other  hand,  may  yield  to  the  red  acid  substaa«  e  sntHcient  basn  to  form  also 
the  violet  compound.  In  an  arnjjhoteric  mixture  the  ailinities  are  so  Imlanced 
that  this  violet  compound  can  .ilone  exist.  When,  however,  the  aeid  phos- 
phate is  present  in  .sufficient  exci  ss,  it  removes  all  the  base  ami  leaven  the  red 
free  acid;  with  a  large  excess  of  the  mure  basic  phosphate,  on  the  other  hand, 
the  litmus  aeid  obtains  its  full  eoniplemeiit  of  base  and  forms  its  blue  sidt. 

With  other  imlicators  we  can  obtain  a  colour  cliange  at  a  nnue 
definite  point  during  t!ie  process  t)f  alkalisatinn  nf  an  ariil  urine,  ami  to 
the  use  of  these  wo  nbal!  shortly  loturn.  lint  it  slmnld  Ite  made  clear 
that  only  in  the  interaction  between  u  "  stnaiL,' "  acid  and  a '*  strnng  " 
base  is  the  colour  change,  with  an  indicator,  syncbronons  (or  ii[>proxi- 
mately  syncbronons)  %vith  the  final  replaecnieiit  of  all  the  acidic  liydru^en 
at^jins  by  the  base,  Fi'oiu  this  sytecial  case  we  have  come  to  attach  a 
Midte  value  to  the  expression  ''degree  of  acidity/'  whicli  is  not 
found  when  we  are  dealing  with  such  a  sulistance  as  ]>bi>sidioric  acid. 
The '* acidity  "  is  here  a  quantity  vaiyiiig  with  the  indicatur  uslhL  The 
coluured  indicator  is  itself  an  nn.stabic  compound  whi<  lu  in  the  play  of 
mi  and  basic  atlinitieB,  suffers  a  definite  change  whrn  a  certain  ]»oint 
of  €<pnlibriunj  is  reached.  This  prant  will  tlepend  upon  the  relative 
Btiiljility  of  the  indicatcjr  and  of  the  ]>hos]ihates  with  which  it  is  in  con- 
tiict,  and  may  or  may  not  occur  simultaneously  with  the  removal  uf 
all  replaceable  hytlrnoen  from  the  latter. 

The  '*  degree  \\l  acidity*'  of  a  certain  qujintity  of  aciti  pbospliMte,  in 
^^lution  by  itself,  will  he  greater  than  that  of  an  c<pial  quani  ity  mixed 
with  a  propu'tion  of  the  more  Ihikic  phosphates;  and  tins  is  true,  no 
laatter  what  the  imlimt4:)r  use<l  During  the  process  of  neutral isatimi 
l^vthe  standard  alkali,  the  ]>ropi»rtinn  of  the  more  basic  phosphates  is 
pkhmlly  increased  until  the  tendency  of  these  Ut  atlcct  the  indicat4jr 
in  one  direction  eventually  balauri's  tlie  actimi  of  tlic  acid  plmspliate 
in  the  oppisite  directi<pn.  This  'Micutral "  ]Miiut  will  evi<leiitly  lie 
l¥ached  the  scMaier,  if  some  basic  salt  was  originally  present  lu^fore 
titration  was  coniujenced. 

Such  c^jiLsiderations  as  tlicse  Iiave  led  to  a  juopusal  to  estimate  the 
aeality  of  urine, not  by  siuiple  titiation,  but  l>y  actually  deterudinng  the 
prt>pjrtion  between  the  acid  pljosphates  ami  the  mtue  luisie  ]iho.sphatcs 
present.  For  this  ]uiriM>se, Licblein,^  after  a  careful  study  of  the  matter, 
has  recommended  the  process  of  Freuud,  which  is  an  a])plicatiou  of  the 
fiarium  precipitation  method  referi-ed  to  abive.    Hie  tf»tal  phosphoric  acid 

'  Ztschr.  f.  pkijsioL  Uhrm,,  Strasalmrg,  IS^fi,  BJ.  x\.  .S.  52-S8.     In  tins  paptr  a  rrili- 
cisin  of  other  methods  will  ho  found. 
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is  first  determined  in  the  original  urine ;  that  existing  as  monohydrogen 
phosphates  is  then  removed  by  precipitation  with  barium  chloride,  and 
that  present  as  acid  phosphates  is  finally  determined  in  the  filtrate.^ 

But  how  exactly  are  we  to  express  the  urinary  acidity  in  terms  of 
the  results  so  obtained  ? 

Some  recent  writers  liave  denoted  the  acidity  by  the  figure  express- 
ing simply  the  ratio  of  acid  phosphates  to  total  phosphates.*  If  the 
P2O5  in  the  former  be  (say)  54  per  cent,  of  tlie  total  PgOg,  the  relative 
acidity  of  the  urine  is  to  be  called  54 ;  if  in  another  case  it  is  only  27 
per  cent.,  the  acidity  is  to  be  considered  as  half  that  in  the  first  case. 

Such  a  procedure  seems  to  be  wholly  misleading.  If  of  two 
specimens  of  urine  one  contains  twice  as  much  acid  phosphate  as  the 
other,  but  at  the  same  time  twice  the  amount  of  the  monohydrogen  salt, 
the  acidity,  expressed  in  the  above  manner,  will  be  the  same  in  each  case. 

Such  urines  will  certainly  not  heliave  as  if  of  equal  acidity,  nor  will 
they  indicate  the  same  acid  production  within  the  body. 

We  may  here  illustrate  what  we  mean  by  the  expression  "  behave  as  if  of 
equal  acidity."  One  of  the  most  important  results  of  a  high  grade  of  acidity 
is  a  tendency  for  the  urine  to  deposit  its  uric  acid  in  the  free  condition.  In  a 
later  section,  dealing  with  the  urates  (g.v.),  the  mechanism  of  this  separation 
will  be  discussed.  We  shall  find  that  one  essential  step  in  the  process  con- 
sists in  the  conversion  of  certain  less  acid  urates  (biurates)  into  more  acid 
urates  (quadriiirates). 

Now  it  is  the  acid  phosphates  which  bring  this  change  about,  by  removing 
base  from  the  first  form  of  urate,  themselves  becoming,  of  course,  converted 
pari  jKissu  into  more  basic  phosphates.  But  the  latter,  as  they  increase  in 
quantity,  tend  to  yield  back  the  base  to  the  quadriurates,  so  that  a  point  is 
possible  when  the  whole  system  will  be  in  equilibrium.  The  less  acid  the 
urine,  the  sooner  is  this  point  reached.  A  little  consideration  will  show  that 
the  '*  degree  of  acidity,"  from  this  point  of  view  (and  it  is  an  important  aspect), 
will  be  a  function  hollt  of  the  absolute  amount  of  the  acid  phosphates^  and  of 
the  ratio  thptj  hoar  to  tlw  total  phospluites.  But  we  are  hardly  in  a  position 
to  express  the  acidity  quantitatively  in  terms  of  these  two  factors,  because  we 
do  not  know  i)recisely  at  what  stage  the  urates  and  phosphates  are  in  equi- 
librium. It  is  i)robable,  in  fact,  that  the  point  of  e(]uilibrium  is  different  for 
each  of  the  diverse  changes  which  may  occur  in  the  urine,  as  a  result  of  its 
acidity,  just  as  it  is  diflerent  for  the  colour  change  in  diverse  indicators.  No 
more  striking  instance  of  the  relativity  of  the  phenomena  involved  could  be 
given  than  a  fact  we  shall  discuss  under  the  head  of  the  pigments.  Urinary 
ha^inatoj)ori»hyrin  is  always  found  in  the  so-called  alkaline  form  ;  and  if  we 
add  to  any  normal  urine  either  neutral  or  acid  ha?matoporphyrin,  we  find 
that  it  imnu'diately  assumes  the  alkaline  form.  Equilibrium  in  this  case  is 
only  attained  when  base  has  been  transferred  to  the  pigment  from  the  acid 
I)hosj)liate.  If,  then,  luematoporphyrin  had  happened  to  be  our  only  available 
*'  indicator,'  we  sliould  have  said  that  urine  was  normally  an  alkaline  fluid  ! 

The  whole  source  of  the  ditTicnlty  we  have  been  discussing  is  f(Uind 
in  the  fact  that  the  tei'ins  ''degree'  of  acidity"  or  "degree  of  alkalinity" 
are  unscientific,  though  convenient,  inoiles  of  ex])i'e8sion.  With  increase 
of  knowle(lge,  they  will  be  r(q)laced  by  ex])ressions  denoting  the  actual 

'  For  tlie  I'lincifdcs  of  lliis  dctcnniiiation,  see  \\.  0:33.  An  enor  of  sonic  3  })er  cent,  lias 
t<»  he  .illoufd  lor,  due  to  a  conversion  of  nioiioliyth'ogi^n  into  dihydrogcn  pliospliate  in  tli»^ 
]»rocess  of  pn'cijtit.'itif'ii. 

-Cr.  llau.siiKmiK  Zischr.f  ll\,\.  Med.  licilin,  18iH),  P,.l.  xxx.  S.  350. 
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chemical  eiiei^"  of  Uie  system  of  mixed  salts,  Tlie  ile^ee  of  acidity  of 
the  urine  (nr  any  aiuilngnus  iiin<l)  \k  in  fact  not  an  absolute  quantity, 
Jint  is  whiiUy  relative  tn  tlie  means  wliich  we  employ  to  measure  it. 
Rut  liy  always  euiitltiyiug  the  sauie  mearus,  l>e  it  nnted,  we  may  obtain 
i^ebitive  results  wliirb  are  Htnt-tly  eomiiarable,  and  as  au  outenme  of  tins 
A:>mewhat  dillieult  lUscnssi^ui,  it  may  lie  suggested  that  we  shall  do  well 
in  the  present  st^ite  of  om-  knimleilge  to  continue  to  emplny  a  simple 
titration  method,  by  which  we  ol^tain  comparable,  if  only  relative, 
measurements.  But  we  must  employ  au  imlicator  winch  gives  a  more 
definite  point  of  eolrair  chauiie  than  does  litmus,  and  we  must  retain 
the  same  indicator  for  any  one  series  of  experiiuents ;  mtjreover,  the 
nature  of  the  intlic^tiu'  used  must  always  be  stated  in  stating  the 
maiilts.  Phenolphthalein,  and  perhaps  cochineal,  will  serve  our  pur- 
pose. If  acid  nrine  l>e  gradually  uentraliscd  in  the  presence  of  the 
fanner  of  these,  which  is  c/dourless  wlien  acid,  a  pink  tinge  is  develtjped 
at  a  certain  st-iige  in  t!ie  prf»cess,  and  we  are  justified  in  s^ieaking  of  a 
specimen  of  urine  which  requires  nmre  alkali  to  produce  this  change 
aa**tnore  acid"  than  one  wliich  requires  less. 

What  bii.'^  bt^eu  .^aid  iu  this  spetiiHi  will  have  left  a  wrong  iuiprcsf^iori  if  it 
bethiiught  that  Hurh  inpasurt'i inputs  are  of  no  value.  My  endeavour  lia.s  been 
to  show  th.it  we  have  at  pri'seut  jui  uunnis  of  expressinfj  the  acidity  of  the 
uriiifi  as  an  aljsi>lute  quantity  indejteudent  (»f  the  partii^ular  meiiiis  fulopted  for 
moMurmg  iL  But,  having  cha-^en  a  luethoil  nf  estimation,  and  lielng  careful 
tlirays  to  use  the  same  met  In  id,  we  nuiy  accurately  fcillnw  the  variations  of 
nrinary  acidity,  and  obtain  results  with  impurtaut  lictu'ings. 

Variations  in  acidity. ^ — The  tlegree  of  acidity  as  deternnned  by 
titration  is,  as  we  have  seen,  in  the  main,  a  resultant  of  two  opposing 
factors :  on  the  one  hand,  aci<l  production  in  motab<»lism;  on  the  otlici\ 
tbe  ingestion  of  unsaturatoil  or  unstable  basic  crtm]iouu<ls,  supplenicided 
by  the  production  of  ammonia  within  the  body.  To  tbcse,  liuwcver,  a 
thini  factor  must  Ije  added — -the  elimination  i>f  arids  or  leases  rcspeet- 
iirek  by  other  than  renal  channels. 

The  separation  of  the  acitl  gastric  juice  and  the  nmsequent  liljera- 
tionof  bases  in  the  blood  is  associated  witb  iucitNiseil  excietion  of  the 
latter  iji  the  urine.  On  the  other  hand,  the  flow  uf  alkiiline  secretions 
—bile,  jmncreatic  Jui(^,  etc.^ — dimiuisbes  the  urinary  bawcs. 

Fnjni  these  c^uisiderations,  the  reasons  for  the  variations  in  aeiility 
commonly  met  with  become  dear.  The  acridity  increases  with  increased 
proteid  metab_^lisni,  with  exercise,  and  with  the  cnusnni]ption  uf  food, 
when  this  contains  a  small  junpurtion  of  bnses— in  ]«iti('idar,  witb  llesh 
foxl.  It  diminislies  when  the  fund  taken  contains  iihinulnnt  bases.  The 
OomfKjuuds  of  organic  acids  witb  thi*  alkali ue  mot;  1  Is,  wbi<"b  arc  so 
plentiful  in  vegetable  food,  beermie  oxidised  in  tbe  body  to  carlH)uate3, 
and  the  excretion  of  bases  tlumee  derived  tends  to  alkalise  the  urine. 
Fmni  this  fullows  the  familiar  fact  that  tlir'  nriiu*  of  herbivorous 
animals  is  alkaline,  and  that  human  uiine  may  become  alkaline  (thongh 
seldom  eontiuunusly  so)  wln^u  a  vegetarian  diet  is  maintaineil 

The  efleetof  the  secretion  of  gastric  Juiie  is  to  produce  what  is  called 
the  aikaiine  iuk.  During  the  jieriod  nf  full  gastric  digestion  tbe  urine 
may  become  leiss  acid,  and  may  even  (tlinugh  this  is  rare)  become  alka- 
line to  litmus.  The  uccnrreuce  nf  tins  pfnunuueunu  was  first  nnted  by 
Benee  Jones. 
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It  mui?t  noL  vn    fiupfWDaed,  however,  that  the  poflt-prandial  alkaline 
tide  is  a  imiveraal    fhenomeuon.     It  will  be  easily  seen  that  the  effect 
of  digestioiL  upon      e  Imaes  and  acids  of  the  Idood  iniifit  lie  somewhat 
complex.     The  tin     >f  alkaline  saliva  precedes^  and  that  of  hile  and  jian-  . 
creatic  juice  rapidi    follows,  the  gastric  secxetion  ;  and  these,  l*y  reiijoving 
bases,  tend   to  iic     ralise  tlie  erteet  of   the  removal  of  aeid  tnd   the  I 
stomach.     Fmin  t     i  cause,  and  from  the  iiicreai^ed  piHJteiil  luetalKdiam  | 
induced  by  the  fo(.     it  not  infrequently  happens  that  the  urinary  acidity 
is  from  the  first  vh.  kI,  in^tea^l  of  lowered,  after  a  meal 

According;  tij  Q  nekep  a  porindic  variation  of  acidity  may  occur  dur- 
ing the  day,  indepei  ilently  of  fiMjd  ingestion/  and  in  my  experience  this 
is  a  more  LH:>nstant  phenomenon. 

Gruber  fmind  that  the  mine  may  become  alkaline  after  a  large  c*>n-  ^ 
sumption  of  Budium  cliloride,  and  Riidel*  has  recently  titate^l  that  the 
pure  diuresia  jirodnced  by  such  substances  is  in  itself  capable  of  inducing 
this  result.     This  may  be  trne,  under  the  somewliat  extreme  conditions  , 
of  experiinent,  but  when   the   nrinary  constants   aiHi   followed   under 
natural  conditinna  from  hour  to  Imuit  it  ih  nf(t  found  that  tlie  quantity 
of  urine  pns^ed  during  a  given  iicriutl  han  any  regtdar  iutloeuce  on  the  , 
total  addihj  i\i  the  same  period.^ 

Pathol(igicii]ly,  a  ti?ndcncy  to  alkalinity  is  said  to  be  found  in  most  coo-, 
ditions  of  debility,  and  e^jpoeially  io  some  types  of  anfl&mia;  probably  from 
diminished  secretion  of  gastric  juice,  and  from  dimitiished  general  metabolism. 
A  process  quite  dbUnct  from  this  occurs  when,  under  the  iafluence  of 
organisms  (e>!|>ocially  the  Mkroeoeem  nm*^),  the  urea  and  uric  acid  of  the 
urine  are  li yfhnlisod  into  ammonium  cjirbonate.  In  cystitis  this  may  occur 
in  the  bladder,  and  the  urine  is  voided  alkaline  with  ammonia. 

The  acidity  is  especially  high  in  scorbutic  urine,  and  is  increased  to  a  greater 
or  less  degree  in  some  forms  of  dyspepsia,  in  diabetes,  leukaemia,  and  in  per- 
nicious anaemia. 

The  Nitrogenous  Compounds. 

(a)  Total  nitrogen. — Tlie  urmary  nitrogen  amounts,  on  an  average, 
to  15  grms.  in  the  t\venty-four  hours.  This  comprises  by  far  the  greater 
part  of  the  nitrogenous  loss  to  the  body ;  less  than  1  grm.  being  eliminated 
through  the  intestinal  secretions  and  all  other  channels  combined. 

Pathologically,  the  amount  may  be  greatly  increased ;  20  to  25  grms. 
per  diem  is  frequently  observed  in  fever,  and  in  severe  forms  of  diabetes 
50  grms.  and  upwards  may  be  daily  eliminated.  On  the  other  hand,  a 
marked  diminution  of  the  amount  is  seen  in  the  condition  of  contracted 
or  granular  kidney. 

Under  normal  conditions,  the  urinary  nitrogen  is  distributed  in 
various  compounds  in  the  following  proportions :  About  86  per  cent,  of 
the  whole  is  found  in  the  form  of  urea ;  about  3  per  cent,  as  ammonia, 
?i  per  cent,  as  creatinin,  2  per  cent,  as  uric  acid  and  the  allied  xanthin 
l)a«es  ;  while  the  remaining  6  per  cent,  is  present,  in  varying  proportions, 
in  hii)puric  acid,  in  indol  and  skatol,  in  the  urinary  nucleo-albumin, 
in  the  pigments,  and  in  minute  quantities  of  other  constitutents. 

Tlie  total  nitrogen  is  esfwiated  by  one  of  the  many  modifications  of 
Kjeldahrs  process,   which   is  founded  on  the  fact  that  organic   substances, 

»  Zlschr.f.  Urn.  Med.,  Berlin,  1884,  Bd.  vii.  Suppl.  22. 

-  Arch.  f.  exper.  PcUh.  u.  PharmnkoL,  T^eipzig,  1892,  Bd.  xxx.  S.  41. 

^  Cr.  Huusmann,  Zlschr.f.  klin.  Med.,  Berlin,  1896,  Bd.  xxx.  S.  862. 


when  heated  with  coneenfcnited  siilphunc  acid,  become  oxidised,  and  all  the 
nitrogen  (except  such  a^  may  be  originally  present  in  combination  with 
oxygen)  is  converted  inti>  aniniojiia.  The  resulting  anmnmia  is  liberated 
by  fche  addition  of  imnstic  alkali,  and  di^^tillrd  into  a  measured  quantity  of 
(tandftitl  acid;  its  amount  being  finally  determined  by  titration.  Kjeldahrs 
method  gives  admirable  re^nlts  witli  nrine,  and  may  be  applied  to  5  c.c.  of 
the  fluid. 

(b)  Urea— COCHHa)^. — The  prcBeiicc  nf  urea  iii  the  urine  \va.s  firet 
deiQiiDStmled  by  Kouelle  iii  177o.  It  is  tlie  chief  end-proiluL't  "f  nitro- 
genous metalxdiaiii  in  nil  maiiimals,  in  ampbihisi,  and  m  fishes.  In  1828 
it  was  obtaiiierl  artiheally  by  Wiililer,  by  heating  the  isoiiierie  ttnlistaiice 
ammoniimi  eyanate  (NH^.CN*  V). 

Hie  eheinieal  constitution  of  urea  is  that  of  an  amide  of  earlionic 
mA  tcurbamideX 

Properties,— \Jt^^  crystallises  in  cnlmirless  needle.^  or  rhombic  jnisniR, 
containing  no  water  of  crystallisation,  and  melting  at  about  130"  C.  It 
is  freely  srihible  in  alcoliol,  and  still  more  so  in  water:  in  pnre  etliur  or 
chlon^orm  it  is  insoluble.  Urea,  like  other  aniiiles  of  acids,  is  nentral 
t«> litmus;  but,  owing  to  the  ] presence  of  two  ammrmia  resiibics  in  its 
moleeule,  it  exhibits  weak  basic  jiroperties,  and  fonns  Lkksc  nioh/cnlar 
coiii|¥^mids,  analogous  to  sidts,  two  of  wliicb  are  of  |inictical  ini- 
porUmee. 

Urea  ni^rrtie  ^CO(NH^)^,.N0,^,.0H.^This  compound  crystallines  out 
when  excess  of  pure  nitric  acid  is  added  to  a  not  too  weak  solution  of 
mm;  excess  of  the  acid  assists  its  separation,  as  it  is  less  soluble  in 
nitric  acid  than  m  water;  erystallisatifm  is  accelerated  by  shakini:  and 
cooling  the  mixture.  The  fun<lanicntal  ftnni  of  the  t  rvstals  is  a  rhoml>ie 
table,  of  which  the  more  acute  angles  measure  ^2\  but,  by  truncation 
of  the  angles,  six-sided  ta!>lels  are  crmniuudy  formed,  and  these  are  apt 
to  adliere  togetlier  and  overlap  like  tiles  fui  a  roof  (Fig.  49).  When 
mpidly  heated,  the  crystals  detlagrate.  At  140""  tliey  decompose  into 
aitivam  oxide,  carbon  dioxide,  and  ammniiium  nitratc- 

Una  ojr^^f^f  =  ('0(NIL)..(CUUH).  -is  fiuincd  in  an  aualogmts 
manner  by  mixing  sidutions  of  urea  and  oxalic  acid;  like  the  nitrate, 
tills  salt  is  less  soluble  in  excess  of  the  acid.  Its  crystals  belong  funtla- 
M^ntally  to  the  s^ime  type  as  those  of  tlie  ]U'ecediiig  comjMiund,  but  are 
apt  to  apfiear  as  thick  sliort  rhombic  prisms  (Fig.  40). 

A  crystalline  Gombination  of  urea  with  plmsphoric  acid  i,s  uIsd  known,  and 
others  with  various  organic  and  inorganic  acids. 

Crystalline  compounds  are  ulsn  ftjrnud  with  certain  mnilral  salts  ;  tlnit 
with  sodium  chloride  is  j^nid  (H'casiomiilly  to  fiirm  wben  urine  is  concentrated 
on  the  water  bath.  The  com[M)und  with  jjalludiuui  cliloride  is  very  ijisolnble. 
A  molecular  combination  with  bdnic  itferatrj/  nifrnte  i^  cjuitc  instjhililc  in  water, 
and  k  of  historic  interest,  as  its  formation  is  the  hawis  uf  tlie  idassicnl  method 
of  urea  estlmntion  suggested  by  Liebig  in  1853  (nth  i/tfm). 

When  fused  and  gently  beatcd  aftiu'  fusinn,  urea  yields  hifnrf  and 
cyaiufrk  aeid.     Two  reactions  occur  us  hdlows  : — 

2NH^tUNH,  =  NH,,C0.Nn  CO.NH.  +  H^N ;  and 

(biuret) 

3NH,.C0.NH,  =  C;:,N,(OH),  +  3(H,N) 

(tymurii:  add) 
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Its  relatioiia  ki  amnioiH\mi  caibouate  and  carbamate  ai^  verv  im- 
portant from  \\  pIiyEiiologiciil  standpoint. 


C0<  +H,0 

(urea) 


=     C0< 


+  H,0     =     00 


(atnitmoium  carbon aU) 


The  two  muleuulos  uf  water  neeesei^ry  to  ftirm  carbt^mte  uf  animnni^fla' 
are  very  readily  taken  np.  Even  at  a  teni].iei'atui*e  of  60^  Can  aqueoui^^ 
solution  itf  urea  sluwly  devel«»jis  ammuuia  (LeubeMj  whiles  a  iMjilin^^ 
solution  I  lee  am  puses  with  consiilerablu   rapidity.     Heated  with  wafceiK£ 


Fig.  49. — Upper  half,  urea  nitrate  crystals.    Lower  half,  urea  oxalate 
crystals. 

under  pressme  at  180®,  the  conversion  into  ammonium  carbonate  is 
quickly  complete.  A  solution  of  pure  urea  may  be  evaporated  at  tem- 
j)eraturcs  from  60''  to  75",  without  serious  loss,  but  in  the  urine  it  is  less 
stalde.  Quite  ap])reciable  proportions  of  its  nitrogen  are  lost  as  ammonia 
when  uiine  is  evapoiated,  even  at  low  temperatures.  In  the  presence 
of  free  acids  and  hases,  the  hydrolysis  occurs  with  still  greater  readiness, 
the  ammonium  carhonate  formed  being  further  decomposed  by  the 
reagent.  Tlius,  on  boiling  mea  solutions  with  acids,  carbonic  acid  is 
given  otl";  on  Ixjiliug  them  with  alkalies,  free  ananonia  is  evolved. 

The  liydrol}'sis  is  also  induced  by  micro-organisms,  as  in  the 
ammoniacal  fei-mentation  of  urine.  The  Mlctococchs  urcce  is  the  best 
known  of  these ;  but  other  organisms  are  found  m  decomjK)sing  urine 

'  Virchowa  Archiv,  1885,  Bd.  c.  S.  552. 
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I     which  can  prculuce  the  siiiiie  result.      On  the  other  hand,  urine  may 

M     develop  many  organisms  wliieh  have  no  nueh  power.^     So  long  as  the 

^v       bacteria  whit  1 1    iinluee   the   change   are  alive,   the   enzyme   is   closely 

W        a^scfoiated   with    tlie  living  cell  and  a   Altered  urine  is  ferment  free 

(Sheridan    Ijea).      But    when    the    cells  ;ire   dead,  a  ferraent  may  be 

extracteil  from  them  wlucli  hydrolyses  |>ure  ure^i  solutions. 

While  ureii  is  tluis  ea^sily  eonverted  into  ammonium  carbuuate,  the 
iiitenuediate  substimce  annnoniniu  carbamate  (formed  by  the  action  of 
dry  CO^  ujjon  NH.j),  if  heated  to  l:]"!^ ,  or  treated  with  alternating  electric 
currents,  splits  up  into  urea  ami  water.  The  hepatic  cells  liave  the 
{Kiwer  of  dehydrolising  ammonium  earbonate  itself  to  form  mea.  Nitrous 
acid  and  the  hypobromites  <txidise  urea  according  to  the  following 
equations  :— 

(1)  CO(NH.).,+2NOOH=CO.+2K.+3H.O 

(2)  CO(NH2),+3BrOXa:=.:>NaBr+CO,+N,+2H,0 

Bepoaration  of  urea, — To  prepare  jiure  urea  from  uriuc,  advantage  may 
be  taken  of  the  insolubility  of  the  nitrate,  Tlie  mine  is  concentrtitcd  to  a 
imall  bulk,  and  pure  nitric  acid  in  atlded  iu  excc&s ;  the  uiixtiire  heiiig  kept 
ikoroughly  cool  duriug  the  aiblitiyn  of  acid.  Tlie  crystals  are  strained  olf  by 
potiring  through  muslin,  and  freed  from  excels  of  acid  by  pressing  1)etween 
tkick  filtering  paper  They  are  mixed  with  excess  of  barium  carbonate, 
Bufficient  alcohol  is  added  to  form  a  paste,  and  the  mixture  dried  en  tlie  water 
btk.  On  extracting  the  dried  residue  with  absolute  alcohol,  a  fairly  pure 
solution  of  urea  is  obtained,  from  which  cry.stals  separate  on  evaporation. 

1  find  that  line  crystals  may  be  prepared  hy  the  following  sini[der  metliod. 

Half  a  litre  of  urine  is  eva|»oratcd  to  a  thick  syrup}-  consistence,   and   the 

residue  is   exhausted  with  hot  absolute  alcohol.     The  spirit  is   filtered   and 

tiiken  to  dryn€sss  ;  and  the  resiilue  extracted  on  the  water  bath  witb  successive 

fJUantities  of  pure  acetone,  which  should  be  Jilteied  while  liot.     The  mixed 

acetone  extracts  are  evat>orated  nearly,  hut  not  quite,  to  dryness.     On  cooling, 

firie  white  crystals  of  urea  scj»amte^  any  pigment  present  rciuaining  in  solution 

ixx  the  small  quantity  of  the  solvent  which  is  allowed  to  reiuaiu.     The  crystals 

iil^y  be  washed  with  cold  acetr»ne. 

2ts^.— For  the  detection  of  urea,  the  formation  of  tlni  characteristic 
^^ystals  of  the  nitrate  or  oxahite  (and  especially  of  the  former)  is  of 
^T-actical  value.  On  the  small  .scale  the  proeess  of  cr>  stalli-sation  nuxy 
*^^^  watched  under  the  mieroseope ;  a  drop  of  the  suspected  fluid,  after 
^^^<incentration  if  necessiary,  and  another  of  nitric  acid,  being  allowed  to 
'^"Vin  together  on  a  glass  slide. 

The  formation  of  biuret  is  nn  excellent  le.st  f<jr  urea,  if  tlie  crystals 
^^^e  first  obtained  in  moderate  quantity  and  fairly  pure.  After  heating 
^liem,  as  deserilMnl  aijove,  the  residue  is  iliysolved  in  water,  excess  of 
^^^ustic  alkali  is  added,  and  one  or  two  Av\>\\^  of  a  dilute  copper  sulphate 

*^*'jlution,     A  pink  colour  is  produced  like  that  given  by  peptones  under 

like  circumstances  ("  biuret  reactit>n"). 

Estimation  0/ nr^a.  —  Xo  metbotl  Is  known  hv  wliich  urea  cm  lie  separated, 

^-g  such,  from  the  urine  in  a  fiuantitativi'  niiumer.     Tlie  cage  with  which  it  is 

^lydrolised  is  a  fundamental  dillicully  in  the  way  of  sucli  quantitative  isolatiom 

^Ve  can,  however,  iintl  precipitants  for  the  other  nitrogenous  e^mstituents,  and 

^  determination  of  the  remaining  nitrngcn  after  thi^  removal  of  these  gives  the 

best  available  measure  of  the  urea, 

*  For  mformationon  thissahject,  ridr  Lt^tiW  ana  Graser,  Virrhmcs  Arehh%  foe,  rif. ;  utid 
^irriogton,  Joum.  Chem.  Soc,,  London,  1888,  vol  i*  p.  727. 
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The  most  satisfactory  of  the  methods  based  upon  thia  principle  is  that  of 
Monser  and  Sjoqiust.^  To  carry  out  this  process,  5  c.c,  of  the  urine  is  treatwl 
witli  ;in  equal  volume  of  a  saturatod  solution  of  barium  chloride  containicg 
5  per  cent,  of  ciiustic  baryta;  100  c.c.  of  an  aleohol-etber  mixture  (2-1)  is 
added,  and  the  whf>le  allowed  to  staml  for  twenty-four  hours  in  a  cloi*ed  fla^k» 
KiUiT  filtering  from  tlie  x*recii>iUite  the  solution  b  evuiictrat-ed  at  low  leui* 
jjcratures  (below  60°),  and  a  determination  of  nitrugen  made,  by  Kjehkh!' 
mothod,  in  tht)  residue.  By  the  precij^itatiun  tlius  described  all  nitrogenotii 
.'>ubi*tanct^s  are  removed  except  urea  and  ammoiiiaj  while  the  last  is  got  rid  f>f 
during  the  evapomtion  of  the  liltrate.  The  percentage  of  nitrogen  fouud 
multiplied  by  2-143  will  give  the  percentage  of  urea. 

When  less  accuracy  is  required,  the  well-known  process  of  Knop'  and 
lliifner  is  now  universally  employed.  This  depends  on  the  decomposition  of 
urea  by  the  action  of  hypobroiuites  ;  the  nitrogen  which  is  evolved  beipp 
measured  in  a  graduated  tnlie^  and  the  urea  calculated  from  the  amount  ihu? 
found.  The  equation  for  this  reaction  is  given  abuve  (p.  583).  The  solution 
of  sodium  hy|iobromite  employed  conUiins  excess  of  caustic  alkali,  so  Uial 
the  carlx»n  dioxide  which  is  formed  simultaneously  with  the  free  nitropi'ii, 
is  retained  in  solution  as  carbonate  of  sodium.  Only  some  92  or  93  [ler 
cent,  of  the  tottil  nitrogen  present  as  urea  \^  obtained  in  this  pruce4«»  the 
remainder  l>eing  converted  into  cyanates.  On  the  other  liand,  the  uric  acid, 
creatinin,  and  other  nitrogenous  suljsUnces  present  yield  a  proportion  of  their 
nitrogen^  so  that  part  of  this  error  is  eomitorbalanced.  Many  varying  in- 
fltiences  affect  the  result,  however ;  dialectic  urine,  for  instance,  is  said  U> 
yield  a  greater  proportion  of  its  total  nitrogen,  o>ving  to  the  effect  of  thf 
sugar  present.  It  should,  in  fact,  be  clearly  understood  that  tlie  hyp.'bforaiU' 
process,  while  of  great  ronvenience  and  of  sufficient  accuracy  for  clinical  arul 
many  other  purposes,  does  not  give  a  scientitic  measure  of  the  urea.  Tli*^ 
calcnlation  of  \\^  results  is  best  made  by  taking  each  37'1  c.c.  of  nitn.ig!*n 
measured  at  ordinary  temperatures  as  equivalent  to  one  decigramme  of  ttrcD;' 

The  titration  method  of  Liebig  referred  to  on  p.  581  is  now  of  little  more 
than  historical  iniportance»  tliough  it  was  used  in  all  the  older  work  ufwn 
metabolism.  It  depended  in  principle  on  the  fact  that  urea,  under  careiully 
defined  conditions,  forms  a  definite  insoluble  compound  with  basic  merctiric 
nitrate,  A  standard  solution  of  nitrate  of  mercury  w^as  added  to  the  urine 
until  the  whole  of  the  urea  was  [irecipitiited  in  this  form,  the  end-point  being 
marked  w^hen  a  drop  of  the  urine  gave  a  yellow  colour  with  soilium  carbosik 
(indicating  excess  of  mercury).  The  niudifications  uecest^ary  for  accuracy  baTe 
Ijeen  carefully  worked  out  by  Pfliigerand  others  ;  in  its  perfectji^d  form,  howrTer* 
the  proce^ss  becomes  one  for  the  estiiDaiion  of  the  total  nitrogen  of  the  urine 
rather  than  ff>r  the  urea  only,  and  for  this  purpose  it  is  entirely  superseded hy 
Kjeldahls  method  {supra,  p.  580). 

The   vfimUmm  in  the  quant Utf  of  iireii  ]>resent  in   the  urine  ar? 
(kmlt   with   in  the   article  on   nietiilx)li8m,  where  their    vawm  is  di&- ' 
tumsed.     Thc^  average  rpiantity  excreted  by  a  lumlthy  adult  man  under  j 
nf ninal  i'ireiun,stunces  is  <aljout  30  grma,  ]>or  diem  ;  that  is  to  m\\  the 
urine  will  e<r>Htain  about  2  i>er  cent.     Its  aljBolute  jtuiount  is  neeessarily 
increased  by  all  aiuses  wliieli  Htiimilate  nitrogenous  metal  «disra.  l»ut  the  J 
jyroportktji  wliicli  the  ureo  l>ear«  to  the  other  nitrogentms  constituents  i*j 
an  iti<le}>enik'iit  variable  (ride  infra). 

'  Skamhn.  Arch,  f,  Pkynwf.,  Leip>^ig.  1891,  Bd.  ii.  S.  438;  Jahrt»h.  «*  d.  FwUAr. 
d,  Thkr-Chfm.,  Wioybadon,  Ikl.  xxi.  S.  UB  ;  cf.  also  Bodtker,  ZtMckr. /.  pk^moL  Otm^i 
Strassburg,  1893,  Hd.  xvii.  8.  146. 

'The  urigiual  dcftcnption  by  Knop  will  be  fouDd  ia  Chtm.  Ctnlr.-Bl,^  Leipci^  iMl 
3.  244-     DotaiLs  of  various  morierD  TiiorlificAtions  are  found  iti  most  prftcticjil  hmmlbMb. 

=  Cf.  A.  Ih  Allen,  'XheaiiBtry  of  Urine/'  p.  148. 
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According  to  Tscblentift',*  if  the  urea  excretion  after  a  meal  rich  in 
proteids  be  estimated  from  hrmr  to  hour,  it  will  be  foiuitl  tn  exhiliit  two 
maxima.  The  lir^t  ueriirs  at  the  third  nr  fmirtl]  Imiirs,  aud  the  secuiid  at 
the  sixth  nr  seventh.  These  he  eonmdf^rs  to  iiidieate  the  a}k8nrpti<ni  of 
peptones  fruin  the  atoniach  and  intestine  respeetively.  If  peiitoiR-H  tie 
given  instead  of  ordinary  pruteids,  the  maximum  i,s  readiefl  hy  the  second 
hour.  Mares,*  \m  the  other  liand,  fuiuid  that  after  an  isfjiatcd  lueal  the 
maximum  of  urea  excretion  was  not  reached  till  tlie  ninth  h<nu\ 
Kobler  ^  has  found  tliat  simjile  diuresis  imder  nornial  cirL-umstanees  is 
not  accom^winied  by  incieaHCil  excretion  of  nrca. 

(c)  Ammonia.  —  The  urine  of  man  and  uf  carniviuuus  animals 
invariably  eont^iins  small  quantities  of  aniiiKaiium  saltw.  They  may 
be  absent,  however,  from  that  of  herbivora*  The  <juantity  iu  Inniian 
urine  is  about  07  gnu.  NH^  i^cr  ilicm  ;  the  variatiiiuH  in  health  extend- 
ing  from  about  0  3  t<i  12  grms.* 

The  ingestion  of  ammnnium  carbonate,  or  of  nrganic  ammonium 
c^jmpoumls  susceptible  of  ttxidatinn  in  the  body,  d<>cs  ni>t  iucicase  the 
excretion  of  ammonia,  fur  the  nitmgen  of  siieh  cc>ni]Knmds  is  excreted 
wholly  as  m-ea.  If,  however,  staljlc  iiiilts  of  ammouinm,  such  as  the 
chloride,  are  given,  they  apirt?ar  (in  tlic  case  ui  carnivura,  at  any  rate)  as 
buch  in  tlie  urine. 

Apart  from  such  direct  inL^etstion  of  8tal»le  amniinuinn  salts,  the 
excretion  <^i  ammt»nia  di^jiemis  almnst  enlirely  ujmhi  llial  qtu.stion  of 
a<ljii3tment  lietween  acid  j+riMhiction  iu  mctabi^liwm  and  the  supply  of 
bases  in  the  fwid  which  was  iliscussed  in  the  scctiiai  devoted  tf>  the 
acidity  of  the  urine  iqj'.y  Ammonia  fnrniatiou  is  Ihe  ])!iysiolngical 
reijiedy  for  flehciency  of  bases. 

When  aciil  i^rfuhiction  is  excessive  (a  rnnditiou  csprcially  seen  in 
ci'rtain  fr^niis  of  iliabetes),  or  when  mineral  acids  are  given  by  the 
Tmuith,  the  urinary  ammonia  increases  at  the  cxiicns<:'  nf  the  urea. 
When  tlie  bases  are  in  excess,  whether  fnan  the  miture  of  the  food  or 
fnfUD  the  admini-stratiou  of  alkalies,  the  ammonia  (lisap]>ears,  and  a  cnrre- 
i*pcinding  amount  nf  urea  is  excretetl  iu  its  place,  Finm  this  it  fallows 
that  little  or  no  annuonia  is  ftPtiud  in  the  mine  uf  hcrbivt>ra;  and  that, 
in  man,  flesh  food  raises  the  quantity,  and  vegetttble  fond  diniinislies  \i} 

From  the  aburidiuice  of  Ul^ps  in  ihv'w  fnml,  it  i^  very  dillicult,  by  any 
means,  to  imTease  the  uriM-iry  rmniionifi  of  liprbivnra.  If,  for  exaiiipkv 
abundant  aruinoniiuii  chloride  bn  ;^'iven  to  a  iiibbit,  tii;,^ctli(H'  witli  a  normal 
supply  of  vegetabk^  fond^  its  urinary  ammonia  is  lait  little  infrea.'^i^d.*'  \\y 
doable  dt^compositiim  with  sodiniu  rarbynate  iu  llie  tissues,  aminoiiiuni  car- 
bonate and  iirHliiini  chloride  arc  formed,  anil  tlie  former  is  excreted  an  urea. 

It  would  .«ceni  that  the  organi.^atioii  uf  the  hiTbivura  does  Jiut  permit  of 
a  supply  of  atiimoaia  to  nentr.ilLse  acids  when  given  in  exces,s.  Thu^,  most 
herbivorous  animals  are  said  to  he  mtieh  more  su!=iccptil>lc  to  poisoning  by 
acids  than  are  the  carnivorrh 

*  Abstract  in  C'tnirafbL  f.  PhimitLt  Leipzig  u.   Wien,  IS 9*5;  rf,  also  \>r>i;,nittt  Jontn. 
Fhyniot.^  CuniJiriilge  aiMl  Luii'lon,  1897.  vol.  xxi.  y.  WZ. 

'  JnhrcdK  h.  d.  LriMxuuj.   ,  ,  .  iL  tjcs.  M^tt,  mi'liii,  ls^7,  lii|.  i,  S.  1  Ifj, 
'  }rirn.  klin,   n'rhnschr.,  ISIU,  Nns,  19,  20. 

*  Keubftuer,  Joutyi.jlprakL  Chem.j  Leipzig,  1852,  Bd.  Ixiv.  S.  177.     Tliejic  fi^nircs  are 
ooDfimierl  by  numerous  later  nhspi-vera, 

*  Salkowski  and   Mnak,   rirchow's  Archin,  1877,   B*L  lx\i.   S.    ftOO ;   iilao   Guialich^ 
Zlsehr, /.  physid.  Chtm.,  Stras*biirg,  1S93,  lid.  xvi,  S.  19. 

*  E.  Sttikowski,  Zi^u\f.  phydoL  Ohcm,,  ^ixm^mrg,  1S77,  B«L  i.  S.  26, 
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To  demon strii^  le  presence  of  the  Baiall  quantities  of  ammonia  in 
human  urine  ia  nuu  easy,  owing  to  the  reatly  prothiction  of  the  base 
by  liydrol)'sis  of  urea,  which  muBt,  obviously,  lead  to  error.  We  must 
employ  a  luethod  aii  logoiiB  to  tiiat  used  for  its  estimation. 

Esfimaiion  of  amn  7nm  (Schlosing^s  mMh^), — Twenty- five  cc.  of  untie  ore 
placed  in  a  hmin  vn\^  vertical  sides,  and  about  20  e>e,  of  milk  of  lime  are 
added.  A  glass  trian  le  is  placed  over  the  basin,  and,  upon  it,  another  small 
vessf.d  ^oniairung  20  lq^  of  one-fifth  normal  sulphuric  acid.  These  &tand 
upou  a  gkiss  slab,  and  are  covered  with  a  bell-shaped  glass  cover,  iitting  air* 
tight  on  the  slalK  The  ammonia  is  liberated  by  the  lime,  without  any 
decomposition  of  other  nitrogenous  constituents,  and,  in  the  course  of  three 
days,  the  whole  is  absorbc^l  l>y  the  sulphurie  acid,  the  degree  of  neutral i.sation 
being  nfterward.s  ejstimated  by  titratiom  If  flihite  bydrochloric  acid  be 
used  instead  uf  suljiburir;,  it  may,  after  the  experiment,  be  eviijionited  tfl 
dryness*  on  the  wati^r  bath,  and  the  re.^idue  tiiken  up  witli  a  small  quantity  of 
water.  Platinic  chloride  added  to  this  solution  will  demonstrate  the  pre**ence 
of  ammonia,  by  giving  a  yellow  LTjstalline  precipitate  of  ammouit>-platiuic 
chloride. 

Patbologically,  the  urinary  ammnrda  may  be  increased,  not  only  after  the 
manner  we  have  discussed,  by  almormal  acid  producthm  (as  in  dialiete.s  and 
fevers) J  but  hI^o  by  conditions  which  reduce  the  proper  activity  of  the 
hepatic  cells,  whereby  the  dehydrolysis  of  ammonium  carVionate  into  urea  is 
less  complete  than  normally, 

(d)  Uric  acid. —Uric  acid  wim  first  separuted  from  human  urine  by 
Scheele,  in  1770.  It  is  prcHont  in  the  urine  of  most  mammakj  thuugh 
from  that  of  the  ih^g  and  cat  it  has  been  shuwu  to  l>e  frequently  absent. 
In  man  the  (hiily  output  in  the  urine  varies  considerably  (from  0*li  grm, 
to  1"4  grm),  the  average  aniriuul  being  0"8  giin. 

Chemkal  constitution, — Rightly  to  appreciate  the  physiology  no  less 
than  the  chemistry  of  uric  acid,  its  close  relationship  to  urea  should  be 
clearly  understood.  It  yields  the  latter  easily  by  a  combined  process  of 
oxidation  and  hydrolysis.  It  belongs,  in  fact,  to  the  class  of  substances 
known  as  diureidcs,  in  which  the  residue  of  two  urea  molecules  are 
united  to  a  carbon  -  containing  nucleus.  In  the  case  of  uric  acid  this 
nucleus  contains  a  chain  of  three  carbon  atoms. 

The  constitutional  formula  fii-st  suggested  by  Medicus^ — 

NH— C— NH. 

I  li  /CO 

CO      C— NH^ 

I  I 

NH— CO 

has  now  received  ample  confirmation  from  the  synthetic  production  of 
the  acid  by  Horljaczewski,^  and  by  Behrend  and  lioosen.^ 

The  uieides  are,  in  general,  produced  by  the  condensation  of  hydroxy- 
acids  will  I  urea.  The  iiypotlietical  acid,  which  would  yield  uric  acid 
by  sucli  simple  condensation,  would  be  a  trihydroxyacrylic  acid ;  but 
this  has  never  l)een  prepared. 

Lactic  acid  also  contains  a  three-carbon  chain  in  its  molecule,  and, 
because  of  the  important  physiological  relationships  of  this  acid,  it  is  of 
special  interest  to  find  that  uric  acid  can  be  synthesised  by  linking  urea 

'  Miniotsh.f.  Cfuvi.,  Wien,  1887,  M.  viii.  S.  201,  584. 
'  L'er.  d.  deiUsch.  chcin.  Gesellsch.,  1888,  Bd.  xxi.  S.  999. 
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residues  <»ii  to  a  uuclcua  deriveil  frum  lat;tic  auiil.     This  Horbaczcwaki 
succeeded  in  doing  liy  heating  urea  with  triiihurlacttiiiiide : — 

Ca,CH.OH.CO.NH,+2(NH,),CO=CsH,N.O,  +  N I  l^Cl  +  2nCl+H.O 

The  simple  changes  involved  in  this  reaction  will  he  iiinro  elcarly  seen  on 
examination  of  the  following  graphic  scheme  :  — 


IINH 

CO 

HNH 

(urt-a) 


ci 
ci.c.ci 


HNH. 


CH(ni[)  HNH 


:00 


CONH3 

(Iridiltjrlactami(io) 


(iirt^n) 


The  groups  printed  in  thit'k  type  iiiiit^  to  Iutxw  uric  arid  ;  tlie  alonif^  repre- 
sented in  thinner  tyjie  split  o(1  to  form  respectively  a  niolerule  uf  amnitininiii 
cMoride,  two  molecules  yf  livdrodiloriK  acid,  and  one  of  Avaler. 

Vxm  acid  is  fc^ruied  alnu  when  j^lyeiiiL^  is  heated  witli  urtii  (Hor- 
Itaczewski),  but  the  molecular  ehangew  involved  are  not  8u  simpk 
a«  those  shown  above,  and  tlje  yield  is  not  so  good.  In  lielneiid  and 
Kooseus  syntheBis  tlie  nnelenn  is  prunarily  derivetl  from  aei't-aeetic 
ether,  and  the  urea  residues  are  linked  on  separately  at  two  ditlerent 
sUiges  in  the  Hvntbetie  proeens. 

PropniifH. — ^l*ure  uric  aeid  tonns  h  white  pnwder,  wbii-h  Ls  made  up 
of  small  rlioinhio  crystals,  of  more  or  less  prismatic  or  tabukr  type.  Its 
crystalline  forms  beeouie  very  diverse  in  the  presence  of  inq*urities, 
and  when  it  separates  from  the  urine,  the  crystids,  which  are  then  always 
coloured,  Uike  shapes  which  dejiend  to  a  hntj;e  extent  upon  tlie  nature  of 
the  pigment  associated  witli  theuj  ^  (''igs*  ^^^  and  51). 

In  eold  water  it  is  very  in- 
soluble, only  dissolving  to  the  ex- 
tent of  about  1  part  in  15,0UD, 
A  litre  of  boiling  wntcr  takes 
up  ahout  half  a  gramnu^  Ether 
and  alcohol  do  not  di8s^dve  it.  It 
rlis8oIves  in  oil  of  vitriol  without 
decomposition,  an<l  frf»Tn  t!ie  solu- 
tion a  crystalline  sulphate  separates 
on  freezing  the  mixture,  liy  this 
procei^B  pure  uric  aeid  miiy  lie 
obtained  from  cot  1  tarn  Sua  ted  speci- 
mens, the  sulphate  being  resolved 
into  its  constituents  when  treat etl 
with  water. 

It  acts  as  a  sounnvhat  weak- 
dibasic  acid,  but  forms  three  onlers 
of  salts. 

1.  Tlic  vfidral  ttrak^,  M ^l^,  liavo  an 
very  unstable.  They  are  deconi]^osed  by  carhonates  and  even  by  the 
carbonic  acid  of  the  air.  As  they  are  only  produced  in  tlie  presence  of 
caustic  alkalies,  and  cannot  exist  in  the  prer^eiu-e  of  carbonates,  it  is  un- 

1  i    e   1 1.1.,.,  I 


Fiij.  50.— Ih-ic  iieid. 


intense   caustie,  taste  and  are 
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likely  lljiit  thtjy        ,  under  any  circumstanceB,  octnir  iis  plijaiol4^in4l    ■ 
produetti.^  f 

2.  The  acid  ii?'«^i  s  or  hiuratcs,  M'HTT,  are  the  most  stable  of  the  eoiit- 
pounds  of  uric  aeitl  They  are  prepared  by  dissolving  the  acid  at  boiling 
heat  in  weak  solut'  dub  of  the  alkiiline  carbonates,  from  which  they 
separate,  after  coolii  ;,  in  stellar  cryst^ils.  These  and  the  foregoing  salts 
were  first  studied  y  Bensch  aud  Allan.-  The  acid  urates  are  less 
soluble  than  the  ne    -ml  nalts^,         _ 

3.  Thr  qtmdrim  (e^%  Hr,U,MTIU.— These  liyperaGid  salts,  for  the  ex- 
istence and  iuiportanOT  of  which  we  linve  ni.»w  satisfactory  evidence,  were 
first  duwcriljed  by  richerer/^  and  (indepeinlently)  by  I5ence  Jones,*  bnt 
they  have  since  been  more  ciirefuUy  studied  by  Hir  Wni,  Roberts.^ 
They  are  best  prepared  by  boiling  uric  acid  witli  dilute  solutions  of 
acetate  of  potai^siuni,  and  from  snlutioiLS  so  obtained  a  qnadriuinte 
separates,  as  an  amr»r]»lious  precipitate,  or  in  crystalline  sphereFL*  They 
are  very  unstalde,  and  when  treated  with  water  they  split  up  into 
biurates  and  free  uric  acid.  Owing  to  this  instability  it  h  imjwasible  to 
deteriiiiue  directly  their  solubility  in  water;  but  they  arc  probably  lcs« 
soluble  than  the  ] (receding  order  of  salts,  as  a  strong  solution  of  a 
biurate,  when  treated  with  acid*sodioni  phosphate,  gives  an  abundant 
precijiitate  of  a  quadriurata  From  analogy  we  miglit  expect  the  three 
orders  of  salts,  as  described,  to  be  in  a  dosL-ending  series  as  regards 
solubility. 

Co  ml  it  ton  of  uric  arid  in  the  nrinc:  14  h  f^hmianmus  mparalwn, — 
Coloured  Indieators  %vhieh  arc  sensitive  to  free  uric  acid  give  no 
indicfition  of  its  prescnec,  as  such,  in  freshly -passed  urine.  Again,  the 
quantity  of  uric  acid  jiresent  is  generally  gieatly  in  excess  of  what 
would  thssolve  in  a  volume  of  water  equal  to  that  of  the  urine.  The 
preseure  nf  neutral  salts,  and  al^o,  acciu^ding  tf»  Riidel/  of  urea,  enhances 
this  solubility,  but  not  to  a  degree  necessary  for  the  retention  of  all  the 
urinary  uric  acid  in  solution.  We  are  led  to  expect,  therefore,  that  it  is 
present  not  as  free  acid  but  as  a  more  soluble  compound.  Neverthe- 
less, most  urines  will,  on  cooling  and  prolonged  standing,  deposit  a 
certain  (and  sometimes  a  large)  proportion  of  their  uric  acid  in  a  free 
condition. 

We  have  to  explain,  therefore,  the  nature  of  the  original  solution  and 
the  cause  of  the  subseciuent  separation.  The  view  generally  held  till 
recently,  and  still  current  with  some  authorities,  is  that  the  acid  exists  as 
biurates ;  and  that  these  are  slowly  decomposed,  with  liberation  of  the 
free  acid,  by  the  action  of  the  acid  phosphates,  according  to  the  following 
simple  reacti(.)U : — 

MHU  +  MH,rO,  =  HgU  +  M2HPO, 

Fnun  acid  urines,  however,  the  uric  acid  is  frequently  deposited,  in 
the  first  place,  not  as  free  acid,  but  in  the  form  of  urates,  forming  a 
precipitate  wliicli  has  long  been  known  as  the  "  lateritious  deposit." 

A  careful  study  of  the  chemistry  of  this  deposit  has  led  Sir  William 
Roberts  to  conclude  that  the  al)ove  equation  docs  not  rightly,  or  at  lea.^t 

J  Roberts.  2  A„,j,,  d,  Chem.,  Leipzig,  1848,  Bd.  Ixv.  S.  181. 

^  Neiibauer  li.  Vogel,  "  Aimlyse  des  Harns,"  9th  edition,  S.  192. 

^  Journ.  Chem.  Soc,  London,  1862,  vol.  xv.  p.  8. 

^  "Croonian  Lectures,"  1892.  ^  Ibid, 

■^  Arch./,  cxpcr.  Path.  u.  Phannakol,  Leipzig,  1892,  Bd.  xxx.  S.  469. 
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doeSBokeomidetely  express  the  chemical  mechanism  of  ui"ic-acid  Bolution 
and  prerfpitatinnJ 

Tlie  urate  tle[»(>sit  is  amorphous^  but  \\\\  treatment  with  water  it  is 
found  to  4lBeuiu]»os<*,  part  *tf  itn  uric  acid  l»eing  set  free  in  erystalline 
form  and  ]mrt  going  intn  solution  (Fig.  51).  But  tlji^  is  a  proi>erty  which 
waa  stated  abmc  to  t>c  Hpccially  cliaractcristic  of  the  ipiadriurates,  and 
closer  examioatit*n  sFiows  that  the  greater  |*art  of  an  auior]ihouH  urate 
defjofiit  does,  in  j>oint  of  fact,  consist  f*f  thone  Jivi^^iacid  sjtUs,  and  not 
of  oitlinary  hi  urates, 

Rol>ert«'  view  is  that  the  quadiiurate  is  tlie  oidy  physifjlogical  ty{>e 
of  uric  acid  smlt,  whether  in  Mnnd  or  in  urine. 


Fifi.  ftL— Urii:  fuM.  —  lii  tlie  lowir  lialf  of  tlu'  (i^'niv  i\n\  civsIuIh  arr 
with  water. 


In  the  normal  acid  urine,  iuuiiedintely  after  its  secretiiiii,  all  tlie  uric 
acid  is  in  this  foiui.  Hut  iu  afpieous  Holntion  the  ([uadriuratcw  are  neces- 
sarily in  a  state  of  uiLsLahk'  cf{uilihTiiuji,  niid  t^'ud  n\  (iine  to  ilccompoflc 
according  to  the  equiilinn^ — 

balf  the  uric  acid  heiug  jueciiiitatcd  and  the  other  half  remaining  in 
solution  m  luurates.  But  the  latter  are  in  the  presence  of  acid  plios- 
]>hates,  and  this  fact  again  involves  a  c(uiditi(ai  of  nustahle  cquiiibrimu; 
the  following  change  ocruri  ing-=— 

(2)  MIir  +  MH,l^),^MlU  MIJI  +  MJirCV 


J    Tinh.  lf>;     hu'    rit 
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In  fact,  quadriurates  are  thus  re-formed,  and  become  subject  to  the 
same  influences  as  before.  "These  alternating  reactions — breaking  up 
of  quadriurates  by  water  into  biurates  and  free  uric  acid,  and  recomix>8i- 
tion  of  quadriurates  by  double  decomY>o8ition  of  biurates  with  mono- 
metallic phosphate — go  on  progressively,  until  all  the  uric  acid  may  be 
set  free." 

The  quadriurates,  therefore,  are  of  great  importance  in  the  chemistry  of 
urinary  uric  acid,  and  beyond  all  doubt  form  an  intermediate  step  in  the 
liberation  of  the  free  acid  itself.  The  evidence  that  they  are  the  form  in 
which  the  acid  is  actually  excreted  seems  to  be  less  conclusive.  It  is  clear 
that  the  alternating  reactions  just  discussed  would  go  on,  whether  the  salts 
which  leave  the  renal  tubules  are  quadriurates  or  biurates.  In  the  latter  case, 
the  interaction  with  the  phosphates  would  be  the  first  stage  of  the  process, 
and  the  decomposition  of  the  resulting  quadriurates  the  second.  Equations 
(1)  and  (2),  above,  would  occur  in  reversed  order,  and  the  alternation  would 
then  continue  as  before.  The  fact  that  the  solid  excretion  of  birds  and  snakes 
consists  of  quadriurates,^  may  be  held  to  support  the  view  that  these  salts 
are  the  excretory  form  in  man,  as  also  the  observation  that  certain  urate  con- 
cretions found  in  the  kidneys  of  new-born  children  approximate  in  composition 
to  the  quadriurates. 2  But  it  may  be  fairly  argued  that  when,  as  in  the 
human  adult,  the  mechanism  of  excretion  has  become  more  perfectly  suited 
to  the  elimination  of  a  liquid  urine,  the  uric  acid  will  tend  to  assiune  the 
more  soluble  form,  and  all  the  evidence  points  to  the  fact  that  this  form  is 
the  biurate.  I  have  frequently  observed  that  when  ammonium  urate  separates 
from  a  clear  acid  urine,  as  an  effect  of  adding  neutral  ammonium  chloride  in 
excess  (vide  infra\  it  is  wholly  in  the  form  of  a  biurate.  While  it  is  not 
inconceivable  that  a  migration  of  bases  occurs  under  these  circumstances,  it 
is  far  more  likely  that  the  fact  points  to  the  pre-existence  of  biurates  in  the 
urine. 

Again,  it  will  be  found  that  many  concentrated  specimens  of  urine,  when 
first  passed  and  while  perfectly  clear,  will,  on  slight  acidification  with  acetic 
acid  or  with  a  mineral  acid,  give  an  immediaie  precipitate  of  quadriurates, 
while  the  same  specimen  may  require  hours  before  any  urate  deposit  separates 
spontaneously.  The  explanation  of  this  would  seem  to  be  that  the  urine 
originally  contained  the  more  soluble  biurates,  and  that  these  are  changed 
immediately  upon  artificial  acidification,  or  more  slowly  by  interaction  with 
phosphates,  into  less  soluble  quadriurates. 

i^>ut  ulialev(M-  may  1)0  the  ])iiinary  form  of  the  urates  present,  it  is 
in  any  case  iiiijHutaut  to  rectal  1  the  facts  discussed  on  p.  578.  The 
reaction  Ijctwceii  urates  and  phosphates  is  a  reversi])le  one ;  with  acid- 
phos])hales,  biurates  yield  (piadriurates ;  with  basic  (monohydrogeu) 
])lios])hates,  (piadriurales  yield  biurates.  With  a  certain  ])roportion- 
ate  mixture  of  the  two  types  of  phosphate  the  uric  acid  salts  will  be 
therefoie  in  e([uilil)rium. 

In  many  uiiues  this  equilibiium  between  the  i)hosphates  and  urates 
is  estahlishod,  and  th(3  determining  n^ictions  desci'ibed  above,  therefore, 
cease  iM'foic  all  the  uric  acid  is  lilxM'ated.  In  others,  where  the 
])ro]M)rtion  of  monohydrogeu  ])hos])liate  is  at  the  outside  large,  the 
equilibrium  occurs  early,  and  little  or  no  free  uric  acid  se])arates.  Only 
when  th<'  original  excess  of  acid  j)hos]»hate  over  ]>asic  phos]»hale  readies 
an  a(lc(|uat(^    value   is   the  whole  of   the  uric  acid  set    free.      In  other 

1  Uc.lHTt^.  h-r.   df. 

-  Flcnshiir-,    Jnhrrsh.     „.    ,1.    Fortsrhr.    </.     T/n'T-rhnn..    Wiesl.adon,    1891,    B.I.    xxiii. 
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words,  the  chief  fftctor  whi<!h  ileterniineB  the  precipitation  of  uric  acid 
is  the  degree  of  acidity  of  tlie  urine.  KulKnt.s  lia.s  found  thsit  two  other 
agenoie^  exert  an  influent'e  c^ver  tiiiH  ]ire<  ipitatinn — ^tho  p)G^nn!ntatii)n 
of  the  urine,  sukI  its  eniii]»aralive  rif  ]ioes,s  <u'  ]K*verty  in  sihneH.  Other 
things  \mm^  e4ual,  a  Rpecinien  whieh  ih  poor  in  ]ri<:rmont.s  u\\  tlie  one 
haDd\  ur  in  neutral  RiiltH  on  tlie  other,  will  ex  hi  hit  a  Kpeeial  tendency 
to  deixiflit  it8  urie  aeid  in  erynt^ls.  Ihit  vvliile  tlic  riuewtion  of  acidity 
affecte  tliat  staj^e  of  the  proeesH  which  consists!  in  the  change  from 
biuratee  to  <[ua(lriurateR,  the  pignieiitatiun  ami  percentage  of  salta 
aflect  rather  tlic  change  from  r|uadnarate  to  free  acid.  The  urinary 
pigrineiits  and  the  uentral  f*alt8  inhihit  the  decuniposition  of  <|uaih'i- 
urates  by  water. 


Fio.  52. — Upper  biiir,  atiiijvonhim  unite,      flower  hiilf.  Hodiiiiu  iiniti. 

Upon  wtauding,  Huuie  spc(  iuicus  r^f  uririe  <l(^[M>sit  unitrs,  unt  as  joiiorpliouH 
qmdriurateH^  hut  ns  rrvHtalhiK'  hiurati-s.  Auinn>uiinn  unite  in  frequently  to  he 
«eeii  in  the  depoi^it  from  idkuIiuiMiriue  in  lln^  form  of  roiii,^lily  <hnul>-l)i'll-slinjipd 
iliaBsed;  and  iu  conceutrnted  spwiuu-UH  sriiljiun  nritr  fnnns  \\w  sii-rjillcil  tlinru* 
apple  crystals  (Fig.  52). 

Isolation  of  uric  a/' id  fro fu  the  tfriftr. — 11'  the  urine  hv  acidified  with 
hydrochloric  acid,  nuu-li  of  its  uric  acid  st^pariitcH  in  pignieuted  crystals, 
which  tend  to  adhere  to  the  .siilcH  f>f  the  ve.sHcl.  These  t  nii  he  easily 
identifie<l  l)y  the  nncrosco]ie.  ISut  inv  the  purpose  of  applying  the 
characteriBtic  tests,  a  supply  of  nrir  a<  id  may  Ik'  tutuc  cniiveuicntly  and 
quickly  ohtaiued  hy  adding  crystals  t>f  aunounitrni  (hloride  U>  the 
urine  till  near  saturation,  and  then  a  few  drops  of  strong  aunnoina. 
The  precipitate  whicfi  falls  is  at  once  filtfred  oft,  washed  frnnr  the  filter 
with  a  little  hot  water,  and  warujed  with  a   few  (hops  ui*  liydrochloric 
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acid.     After  cooling,  the  crystals  of  uric  acid  which  fall  may  be  washed 
by  decantation. 

Tests  and  reactions — (a)  The  murexide  test, — If  a  small  quantity  of 
uric  acid  be  placed  upon  a  watch  glass,  a  little  strong  nitric  acid,  or  a 
few  drops  of  bromine  water  added,  and  the  whole  taken  to  dryness  upon 
the  water-bath,  an  orange-red  residue  is  obtained  which,  if  touched  with 
a  drop  of  ammonia,  yields  a  fine  purple  colour.  If  a  minute  quantity  of 
sodic-hydrate  solution  be  subsequently  added,  the  purple  colour  changes 
to  blue ;  while,  on  warming  the  alkaline  solution,  all  colour  is  discharged 
The  water-bath  should  always  be  used  for  evaporation  in  applying  this  test, 
and  if  the  watch  glass  be  allowed  to  remain  on  the  bath  for  a  considerable 
time,  after  evaporation  is  complete,  a  red  colour  will  develop  without 
further  treatment,  and  the  residue  will  dissolve  to  a  purple  solution  in 
distilled  water.     This  is  the  most  delicate  method  of  applying  the  test. 

Tlie  residue  left  by  the  action  of  the  nitric  acid  or  bromine  water  consists 
of  various  oxidation  products  of  uric  acid,  amongst  which  is  cdloxantin 
(Cr,ll,3N/)y  or  CgH^N^O^-HoO).  This  substance  yields,  with  ammonia, 
ammonium  purpuratej  which  is  the  purple  product  of  the  test 

{h)  If  uric  acid  be  dissolved  in  a  little  caustic  soda,  a  few  drops  of 
Fehlin/j's  solution  added,  and  the  solution  boiled,  a  yellowish  precipitate 
of  cuj)rous  oxide  is  obtained  (cf.  p.  608). 

(c)  An  alkaline  solution  of  uric  acid  gives,  on  the  addition  of  a  few 
drops  of  a  solution  of  phosphomolybdic  acid,  a  dark  blue  precipitate  with 
a  metallic  lustre,  wliich  under  the  microscope  is  seen  to  consist  of  small 
six-sided  prisms.^ 

Estimation. — The  methods  now  used  for  the  estimation  of  uric  acid  depend 
either  upon  the  insolubility  of  its  silver  compound  in  ammoniacal  solutions,  or 
upon  the  depression  in  solubility  which  ammonium  urate  undergoes  in  the 
presence  of  other  ammonium  salts.  Of  the  silver  processes  the  Salkowski-*- 
Ludwig  ^  method  is  the  most  accurate.  In  this  the  phosphates  of  the  urine  are 
iirst  ])recipitated  by  the  addition  of  an  ammoniacal  solution  of  magnesium 
chloride,  containing  ammonium  chloride  (magnesia  mixture).  Without  filter- 
ing oil'  the  pliusphatcj?,  a  solution  of  ammoniacal  silver  nitrate  is  next  adde<l, 
whicli  gives  a  further  precipitate  of  silver-magnesium  urate.  After  standing, 
the  mixed  ]»re(;ipitiites  are  filtered  off,  washed,  and  treated  with  a  solution  of 
potjissiuni-hydrogen  sulphide,  which  decomposes  the  silver  compound,  forming 
silver  sulpliidc  and  potassium  urate.  The  black  precipitate  of  the  former  is 
filtered  oil',  and  the  uric  acid  liberated  in  the  filtrate  by  the  addition  of  hydro- 
chloric acid.     It  is  finally  separated  by  filtration  and  weighed. 

The  writ(T^  has  modified  the  previous  methods  employed  for  the  separati(»n 
of  uric  acid  as  ammonium  urate  in  such  a  way  that  the  jirecipitation  is  absol- 
utely complete,  and  the  results  are  as  accurate  as  those  of  the  foregoing  meth^xi, 
while  much  iiiore  easy  to  obtain.''  The  urine  (100  c.c.)  is  saturated  with 
chloride  of  ammonium,  and  allowed  to  stand  for  two  hours,  when  the  resultinr' 
ammonium  urate  precipitate  is  filtered  off,  washed  from  the  filter  with  h(^t 
water,  and  the  uric  acid  liberated  by  warming  with  hydrochloric  acid. 
After  standing  it  is  filtered  olF,  washed,  and  weighed. 

•  OnVr,  Cnfr-iIIJ.  f.  Vh>iMol.,  hoij)7i<r  u.  Wicn.  1S.:14,  Bd.  viii.  S.  801. 

-  .//•<•//.  /.  (/.  <jr^,  'DnisloL,  lioiin.  1872,  Hd.  v.  S.  210. 

'•^  Zi<rh,\j.  ainiL  c/o-m.,  Wic.sl)a(l('n,  18^5.  Bd.  xxiv.  S.  037. 

^  IIo{>kins,  Jmirn.  Pntli.  nvd  ]>artcri(>l.,  Kdin.  ;iii(l  L(»iidoii.  1803,  vol.  i.  p.  4r»0. 

-' ('W  V.  J.iks.li.  "  Klinisclie  Dla-^Miostik."  1890,  4th  edition,  S.  428,  431;  Ritter, 
Ztschr.  J.  jfhff^io/.  Chcm.,  Stra.shiirf;,  18i»r>,  Hd.  xxi.  S.  288;  Luir,  (.loiilstonian  Ivc-eturt's, 
1897,  Lc(t.  i.' 
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VaricUioTis  in  the  amount. — (a)  The  rdaiimi  to  urea ;  the  effects 
of  diet, — Variations  in  the  quantity  of  uric  acid  liave  been  considered 
from  two  dirferent  pomli^  of  view.  By  some,  tliese  variutioiis  have 
been  expressed  t^lways  in  relation  to  tlie  quantity  of  urea  excreted 
simultdneouBly.  Sucli  observers  liave  felt  tliat  an  iiK^rease  or  decrease 
in  uric  acid,  whiclx  merely  accompanies  a  c<nTL^spolldirlg  change  in  the 
general  nitrogenons  metahnUsm,  is  uf  less  phywinlngical  yigniticance  than 
a  variation  which  occurs  indei>endeutly  of  (or  out  of  propurlion  ti»)  the 
latter;  and  since  the  urea  excretion  is  a  measure  of  this  general 
metabolism,  the  uric  has  been,  by  sucli  writers,  referred  to  tlie  urea 
output  a^s  a  standard.  Other  an(l  more  recent  auihnritics.  seeing  tlie 
origin  of  uric  acid  in  an  entirely  distinct  series  uf  events  within  the 
body,  and  observing  that  the  urea  :  uric  at  id  ratio  has  no  stable 
value,  have  recommended  the  entire  neglect  nf  this  relation,  prefer- 
ring to  express  the  uric  acid  output  always  in  terms  of  its  absohite 
amount 

An  attempt  ban  been  maile  in  hIiow  thai  urea  and  uric  acid  are 
always  produce<l  in  tlie  body,  jsn  as  to  bear  a  cnnstant  and  deHnite  ratio 
to  each  other,  and  tliat  any  altfnatiuus  in  this  ratio  indicate  either  a 
retention  of  uric  acirl  on  tlie  one  hand,  or  a  sweeping  out  of  previously 
retained  acid  on  the  nther.^  That  this  jHtsition  c^mnut  be  maintained  in 
Its  entirety  is  rpiite  ri-rlidii.  Consideration  of  the  effect  of  varying  diet; 
alone  gives  audicieiit  eviilence  against  it.  If  the  two  analyses  by  Bunge, 
given  in  an  early  section  of  tbis  article,  be  exanuneil,  we  see  that  upon  a 
diet  of  bread,  nut  only  is  the  absolute  amount  of  uric  acitl  less  than  u|»un 
a  diet  of  beef*  but  also  that  the  relation  to  urea  is  aim  strikingly  less. 
On  bread  the  ratio  is  1  to  81,  on  beef  it  is  1  to  48.  Hiniilar  residts  are 
obtained,  as  the  writer  bas  found,  if  tbe  experiyji.'nls  are  continued  for 
many  days.  If  tbe  two  substances  were  always  iiriKiucetl  in  constant  ratio 
we  should  have  to  conehide  that  a  bread  diet  ])ro(iu<'es  a  crnituiuoua 
storing  up  uf  uric  acid  in  the  body;  ami  for  this  rouclusion  tliere  is 
certainly  no  evidence. 

Again,  if  we  consider  tlie  ellect  of  varying  the  quantity  of  the 
ingested  food— its  conij>osition  being  maintained  uiriform- — we  find  that 
oa  the  whole  the  uric-acid  exriotion  is  less  atfectetl  by  such  vai  iatiuns 
tlmu  is  the  urea,  m  thai  we  change  tbe  value  of  the  ratio  merely  by 
altering  the  amount  of  foi^l  taken. 

It  is  therefore  im]*ossible  to  bnik  upon  tbe  ratio  whicli  uric  acid 
bears  to  urea  as  an  indejieudont  pbysiologic4d  constant,  or  to  conclude 
that  even  wide  variations  in  its  value  are  necessarily  patholf>gical. 

But  some  autborities  gi>  further  tJKin  to  ^ay  that  the  uric  acid 
output  is  more  stable  than  that  of  the  uica,  rhiiniing,  imleed,  that  it  is 
quite  uuah'ected  l)y  tbe  absor{*tinu  of  tlie  rudinary  prnteirls  (4  tliet — tbe 
allmmins  and  globulins  with  their  ilerivatives.  If  this  be  a  fact,  and 
the  production  of  the  acid  is  independent  of  variations  in  these  main 
nitrogenous  constituents  of  food,  we  ought  certainly,  in  studying  tlie 
qmuitity  in  tlie  urine,  to  neglect  its  ratio  to  nrt-a  altogether.  This  ratio 
will  tlien  be  little  more,  under  ordinary  cLrcurastanccvs,  than  an  expression 
for  the  urea  variations,  measured  from  the  more  stable  uric  acid  outjuit, 
so  ta  speak,  as  a  base  line ;  while,  if  we  are  studying  the  etlect  of  special 
factors  upon  uric  acid  pi'oduction,  reference  to  tlie  urea  will  be  un- 
necesaarj  and  misleading. 

*  Hftig,  "  Uric  Aciii  iu  Disease. " 
VOL.  L — 38 
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Salkovvski,  in  1889,^  was  among  the  first  to  give  prominence  to  this 
view,  but  the  experiments  upon  which  he  then  based  his  opinion  were  not 
wholly  calculated  to  decide  as  to  what  is  the  effect,  if  any,  of  the  ingestion 
of  ordinary  proteids.  They  were  in  the  main  those  of  Hirschfeld,^  but 
the  experiments  of  this  investigator  were  directed  to  a  broader  question 
than  tliat  of  uric  acid  excretion,  and  the  diet  for  the  purposes  of  his 
research  was  made  entirely  abnormal,  so  that  definite  conclusions  on  the 
point  we  are  discussing  cannot  be  fairly  drawn  from  them.  In  the  experi- 
ments of  Horbaczewski  and  Camerer,^  undertaken  with  the  object  of  ascer- 
taining the  effect  of  glycerin,  carbohydrates,  and  fat,  respectively,  on  uric 
acid  excretion,  there  were  certain  "normal  periods,"  in  which  a  standard 
mixcid  diet  was  taken  alone.  The  fact  that  the  diet  was  carefully  maintaine<i 
at  a  uniform  level  makes  these  very  careful  experiments  more  or  less  unavailable 
for  our  purpose.  Nevertheless,  during  one  of  these  control  periods,  which 
lasted  for  many  days,  the  urea  excreted  fluctuated  somewhat  widely,  pre- 
sumably from  varying  degrees  of  ])roteid  absorption.  Of  this  period  the 
author  says  :  "  The  uric  acid  eliminated  went  hand  in  hand  with  the  nitrogen 
excretion.  In  general,  the  more  the  total  nitrogen  present  the  more  the  uric 
acid  found." 

There  are  but  few  experiments  recorded  which  bear  properly  on  our 
problem,  fundamental  though  it  be  ;  that  is  to  say,  experiments  where  the 
uric  acid  and  urea  (or  total  nitrogen)  have  been  estimated  from  day  to  day 
by  reliable  processes  ;  while  the  quantity,  but  not  the  quality,  of  the  proteids 
ingested  has  been  made  to  vary  widely.  Schiiltzc  ^  found  the  uric  acid  rise 
with  increase  of  flesh  diet.  Hester  and  Smith  ^  found  it  raised  when  the 
ingestion  of  i)roteids  was  increased,  though  it  was  somewhat  less  affected  than 
the  urea.  1  myself  have  repeatedly  observed  a  rise  to  follow  an  increase  in 
the  diet  where  tlie  composition  of  this  has  been  carefully  maintained  constant. 

liiit  these  observations  are  open  to  one  criticism.  Whatever  the  effect  of 
globulins  or  albumins,  there  appears  to  be  no  doubt  that  ingestion  of 
iiurlco-jn'ofeiih  increases  the  excretion  of  uric  acid  ;  calves'  thymus,  with  its 
abundant  uuclein,  has  been  largely  used  to  test  this  |x>int.  Umber®  and 
Weiutraud  ''  have  found  that  with  tliymus  the  excretion  of  uric  acid  may 
amount  to  double  that  of  the  same  individual  ui)on  ordinary  proteid  (muscle) 
diet  of  equal  nitro<:^euous  value. 

Is,  then,  the  smaller  increase  found  when  ordinary  proteid  diet  is  taken, 
merely  due  to  any  nuclein  present  and  not  to  the  absorption  of  the  ordinary 
proteids?  We  sliall  be  able  to  add  the  last  word  to  this  discussion 
ininiediately. 

If  tlie  eHect  of  an  isolated  inpiil  of  ordinary  mixed  diet  be  studied,  it 
is  found  that  an  increase  in  the  excretion  of  uric  acid  occurs  very  rapidly 
after  tlie  food  is  taken.  According  to  Glares ^  the  maximum  hourly  excretion 
occurs  at  the  iiftli  hour  after  the  meal ;  four  hours  before  the  urea  readies 
its  maximum.  Tliis  observer  held,  therefore,  that  it  was  not  derived  directly 
from  the  ini^ested  proteid,  but  from  ceUular  activity  during  digestion. 
Horbaczewski  confirmed  this  result,  and  believed  that  it  was  due  to  a  digestive 
leucocvlosis  (viih  article,  "  Metal)olism "),  with  its  consequent  lil^eration  of 
nucleins  in   the   body.      lUit  Canierer^  has  recently  found   that  this  rise  of 

'  rirrhoir'<i  Arrhu\  ISSO,  Bd.  oxvii.  S.  572  ;  coiunients  on  a  ]»apor  l>y  Spilkcr. 

2  Jbul.  \\i\.  cxiv.  S.  301. 

3  S>f:.nHrjsh.  d.   k:  Akad.  d.   JVis^cisrh,,  Wicn,  ]8Sr>.  IM.  xcviii.  Abth.  3,  S.  301. 
*  Af'-h.  f.  d.  (jcs.  J'hvsiuL,  Honii,  1S8V«,  VA.  xv.  S.  4 -J 7. 

^  Xr.r   Ynrl  Mrd.  Jouru.,   1S1>2,  j).  V>^. 

"^  Zf.^-hr.f.  UhK  Med.,  linlin,  IJsyti,  Bd.  xxix.  S.  174. 

"'  Bcrl.  Hill.   U'chiisrhr.,  IS'jr.,  S.  407. 

'  CcntralhLf.  d.  vied.    Ji^isscnsch.,  Berlin,  1888,  S.  2. 

'"*  Zfschr.  f.   J'dol.,   iMiinclien,   18iH),  Bd.  xxxiii.  8.  130;    also  Wcintraud,  Chem.  Ccntr.- 

Ill      T.Pn.7ifr     1,<<C);'     ]{,]     \\     >;     9!U 
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uric  acid  after  a  meat  m  by  no  means  marked^  unless  tlie  food  taken  contains 
nuclein.  On  a  diet  compised,  for  instnnce,  of  egg  albnmin^  the  rise  was  very 
amall,  while  during  tlie  digastion  of  non-nitrogenous  diet  the  output  of  uric 
icid  was  even  diminished,  Camerer  liolds,  therefore,  that  digestive  leuco- 
cytosU  cannot  be  the  cause  ■>£  post-prandial  increase,  but  only  the  actual 
ingestion  of  nucleins,  and  his  results  would  suggest  that  we  must  answer  the 
question  in  the  previous  paragraph  in  the  affirmative^  and  recognise  that 
the  ejtcretion  of  uric  aeid  is  not  increased  by  tlie  ingestion  of  ordinary 
pn^teids. 

If  this  be  confirmed  J  we  must  for  the  future  attach  no  importance  to  the 
uT^pa  :  uric  a^i^f  ratio ;  ami  when  we  wish  to  eliminate  mere  dietetic  elFects 
fn>m  our  study  of  other  specific  variatif>ns  in  the  urinary  nric  arid  (when,  for 
instance^  we  are  endeavouring  to  ascertain  if  retention  is  occurring  in  disease, 
or  whether  a  certain  drug  is  promoting  elimination),  we  must  do  this  by 
controlling  the  ingestion  of  nucleins  during  the  experiments. 

It  sbouhl  be  uniierBtood,  huwi'ver,  tliat  in  spite  of  inncb  lalnmr  spent 
upon  the  pn»t>lem,  our  kTiuwl(?dge  of  the  relation  of  urinary  uiie  acid  to 
diet  is  scarcely  yet  upon  a  tlnn  fouinlution,  and  eontiailietory  statemciits 
will  be  found  in  the  litemtiire.  Future  iuve8tig;ators  may  have  to  face 
yet  another  diffieulty*  if  it  be  true,  as  Weintraud  *  attiruiH,  that  a  true 
excretion  of  uric  acid  may  uecur  tbrougli  tlie  walls  of  the  intestine. 

One  fact  ia  abiuiilantly  certain — ^that  great  indivithml  dijinnecs 
exist  in  uric  aci<l  excretixm.  In  spite  ot  all  that  luts  ])eeH  sai*!  above,  it 
is  found  that,  with  the  ordinary  regularity  id'  habits  and  diet  eustoniary 
in  civilised  life,  the  uric  aeid  outinit  (when  the  whole  twenty-four  Itours* 
excretion  is  dealt  with),  and  even  its  ielati(JU  to  urea,  will  remain  fairly 
oonstaQt  in  any  given  individual;  wliereas,  when  dillerent  individuala 
are  compared,  rnueh  greater  iliHtTonces  are  seeiL  Be  hue  we  mil  say 
with  certainty  what  eouKtitutes  a  patholdgicnl  or  exceptional  cooilition 
in  any  ease,  we  must  kiv*w  the  normal  hciiavitmr  nf  the  particular 
organisation  in  question  (Salkow.ski). 

The  ratio  bonie  to  lU'ea  may  vary  in  ditrerent  healthy  indiviiluala 
from  1:25  to  1:50;  the  prnportiun  m«tst  eonuunnly  found  being  from 
about  1 :  35  or  1 :  40. 

(h)  Variations  apart  from  ffhf, — Tt  is  a  wcll-e.^tablished  fact  liiat 
in  newIy-l>orn  children  the  uric  aeid  exi'retion  beiiis  a  high  proportion 
to  the  body  w^eiglit,  and  also  to  the  other  nitrogeiiuus  constituents  uf 
the  uriue.  In  the  hrst  few  days  of  life  7"8  per  cent,  of  the  ininaiy 
nitrogen  may  be  in  the  form  of  uric  aeid.- 

The  aljsolute  amount  is  iiiereased  l)y  excessive  exercise  and 
dLminished  by  rest  With  regard  to  druffs,  the  ac  lion  of  alkalies  is 
still  disputed.  It  is  ])nssible  that  an  isohited  dose  may  tenijMMvarily 
aceelemt'e  exeretio!i:  init, arc*uding  ti>  S[iilker  and  SNlkowski,-^  cnntinued 
adrainistration  diminishes  iL  Theie  is  certainly  no  foundation  for  the 
statements  of  Haig,  that  the  excretion  of  uri<'  arid  varies  inversely  as 
the  acidity  of  the  urine>  Salicyhitcs  undoubtedly  increase  the  amo\mt 
in  the  urine,  rilocariiine  produces  an  inori^ase,  pissibly  from  the 
leuc<j<:}losis  which  follows  its  u^(\     ratlinlogically,  there  is  increase  ill 

1  Chfm.  CtTUr.'BL,  Lcnp-^iff,  1805,  Bd.  ii.  S.  310. 
^  Hofirmer,  Virdww's  Ardiiv,  18S2,  B^h  Ixxxix.  S.  411^5. 
=  Ibid.,  1889,  Bd.  cxvii.  S.  r>70. 

*  Cf»  Herringliam  ami  Davit^s,  nXm  Tfi^rniighaiii  ;itiiI  Orovi «,  Jonnu  PhifshK,  Caiiilindge 
and  Lontlon,  1891,  voL  xii.  pp.  475  and  478/ 
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conditions  of  leukaemia,  and  this  may  be  said  to  be  the  only  well- 
established  fact  as  to  the  effect  of  disease  on  uric  acid  excretion.  In 
gout,  although  the  urate  deposits  form  so  prominent  a  factor,  the  question 
of  the  amount  excreted  in  the  urine  is  still  unsettled.  In  this  coiintr}', 
at  any  rate,  many  cases  occur  in  which,  as  originally  observed  by  Sir  A. 
Garrod,  the  excretion  during  the  chronic  condition  is  greatly  diminished, 
whereas,  in  relation  to  the  acute  attack,  increased  elimination  may 
occur.^  Pyrexia  alone  does  not  produce  any  marked  increase ;  but 
in  certain  specific  fevers  with  a  definite  crisis,  a  large  temporary 
increase  may  occur,  depending,  according  to  Horbaczewski,  upon  the 
associated  leucocytosis. 

Uric  acid  is  one  of  the  commonest  constituents  of  urinary  calculi. 

(e)  The  xanthin  bases. — Several  membei-s  of  this  chemical  group 
are  found  in  urine,  in  variable  but  always  small  amount.  Xanthin 
itself  was  discovered  by  Marcet  in  1819  as  a  constituent  of  a  urinary 
calculus,  and  its  presence  in  urine  was  fii-st  demonstrated  by  Strecker  in 
1857.  In  addition  to  xanthin,  the  following  members  of  the  group 
may  be  present  —  hdcroxanthin,  'paraxanihin,  hyj)oxanthin  {sarkin), 
(juanin,  adnim,  and  carnin. 

All  these  substances  are  closely  related  to  each  other  and  to  uric 
acid ;  and  the  chemical  group  to  which  they  belong  also  contains 
certain  important  vegetable  bases. 

The  relation  of  xanthin  to  uric  acid  is  best  understood  by  a  com- 
parison of  the  structural  formulae ;  our  knowledge  of  the  constitution  of 
the  base  jjcing  due  to  E.  Fischer. 

XH_C— NIL  NH— C  =  N\ 

I        II         >co  I       I         )co 

CO      C— NH/  CO     C— NH/ 

II  II 

XII— CO  NH— CH 

(uric  acid)  (xanthin) 

Xanthin  rontains  one  atom  less  oxygen  than  uric  acid,  while  hypo- 
xanthin  contains  one  less  than  xanthin. 

C.H.N^O.  C,H4N40,  C,H^N,0 

(uric  acid)  (xanthiu)  (liypoxautliin) 

In  the  laboratory  means  have  nut  been  found  to  pass  from  one  of 
these  three  compounds  to  another  l)y  oxidation  or  reduction  ;  but  in  the 
body  llie  sle])S  involving  oxidation  can  certainly  occur. 

Hctero'd ntliln  and  2;a7-aj:«/^//n'7?  arc  honiologues  of  xanthin,  the 
former  being  its  methyl-  and  the  latter  its  dimethyl-derivative : 
paraxanthin  is  therefore  an  isomer  of  the  vegetable  bases,  theoljroniin 
and  lh(M)|)liyllin. 

Guanlii  in  an  iniido-xanthin  ;  that  is  to  say,  it  is  xanthin  with  an 
oyygcii  atom  rc])lacc(l  l)y  an  Nil  group  ;  and  adtnln  bears  the  same 
relation  to  hypoxanthin. 

C,H,N^O.()         (yr,N,O.NH         (  .H,N,.0         C,H,N,.NH 

(xaiitliiii;  (guaniu)  (liyjKjxaTithin)  (adenin) 

Uric  acid   and   tlie   xanthin   bases   arc   gi'ouped   together  by  recent 

^  Cf.  Fawcett,  (liLi/s  I/osj).  JUj).,  London,  189r»  ;  Lud",  Ooulstonian  Lectures,  Lect.  i. 
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German  writem  *  under  the  term,  "  allnxuric  substances,"  a  name  meant 
to  show  their  relation  ou  the  one  luiml  to  alloxan,^  and  on  the  other  to 
urea;  the  hases  themselves  may  he  ilcsignateil  the  *'alloxurie  leases" 

The  amount  of  tlie  xantliin  hast'S  in  tlie  urine  has  heen  generally 
imder^tated  until  lately;  they  amount  collectively  to  fiomething  like 
one-ientli  of  tlie  u!  ic  acid  |nesent ;  that  is  to  say,  an  average  of  01  to  007 
grm.  of  the  cimihined  bases  ia  exereled  |ter  <liein  (tVunert'r,  Salkowski). 
Of  xanthin  itself  some  002  to  00*'*  ^aiu.  \^  fnnnih  upon  a  mixed 
diet. 

General  pntperties. — That  tlie  xanthiu  eompoimdB,  tmlike  uric  acid, 
are  Itasie  in  character,  is  jtripliably  due  to  tlie  fact  that  the  CO  group  is 
absent  fiom  the  central  carbon  chain.     {Vt  graphic  formuhc  above.) 

Tljcir  basicity  Ib,  however,  very  feeble,  and  many  c^f  their  compounds 
with  acids  are  deconiiHiscd  hy  water — ^just  as  in  tlie  "  sulphate  *'  of  uric 
acid;  wlule,  mi  the  other  hanih  they  are  all  capable  of  fornuug metallic 
derivatives  arni  conifMiunilH  with  uihvr  bases.  Tbey  contrast  shutiily 
with  uric  acid  in  their  easy  solubility  in  mineral  acids,  lu  aunnonia 
they  are  alsu  solulilc  (witli  the  exceiUion  of  giianiu).  Xantlnn  itself 
ilLssolvea  tfj  a  very  slight  extent  in  water,  but  the  ottier  Iwtses  are  more 
S4^iluble. 

They  are  precipitate" I  fruiu  urine — (1)  By  tlie  addition  of  jihospho- 
tuugsticor  phoHpbnmrvlybdic  mAdn  in  aci4l  solution  ;  (2)  In'  silver  inlnite 
ui  ammtmiacal  solution  ;  antl  (o)  by  cnpper  salts  ;  c.s]>ecially  in  tlie 
presence  of  thiosulphates.  Wlieu  prcclpilated  by  any  of  these  met  hods, 
they  are  accompanied  out  nf  solutit^u  by  uric  acid  (rtfJe  hifm). 

Isolaiiati  and  e^  ft  mat  ion. — It  is  hejoud  the  scope  of  this  article  to  describe 
in  detailthe  separatiDU  of  the  ximthin  bases  individuEilly.  Very  large  quanti- 
ties of  urine  (100  litres  and  upwards)  are  required  Utv  tlie  purpose.  If  the 
precipitate  obtained  by  adiling  amuir>iiia,  and  afterwards  aiinuoniaeal  nitrate 
of  silver  solution,  be  det^omposed  by  f^iil[)liurettetl  hydrogen,  and  the  liltrate 
from  the  silver  sulphide  aeiditicd  with  hydroeblorit-  acid^  eoncentratedj  and 
allowed  to  Rtand,  the  uric  acid  crystilli^es  out.  Tbia  beiug  filtered  o\i\  the 
liqui«l  is  again  made  alkaline  with  ammonia  and  the  bases  again  precipitated 
with  silver  nitrate.  Tlie  varying  solubility  of  the  silver  eompounds  so 
obtained  in  nitric  aciil  permits  uf  a  preliininmy  fractionation  of  the  bases  ; 
and,  when  liberated  froni  condiiiiation  with  silver,  their  diverse  solubilities  in 
water  and  other  media  yield  methods  fur  theii  final  .-reparation  from  each 
other. 

If  urine  (100  c.c.)  be  heated  to  btiiling,  and  pret^pitaled  witli  a  mixed 
solution  of  copper  sulphate  anil  sodium  thioHulphate,  some  ehloride  of  bjmam 
being  afterwards  added,  a  precipitate  is  obtained  which  contains  all  the  uriG 
add  and  xanthiu  bases  but  no  other  uitrogeimns  constituent  (Kriiger  and 
Wulff).  By  estimating  the  nitrogen  in  tbis  precipitate  by  means  nf  KjeldahTs 
proce.ss,  we  obtain  a  measure  of  what  may  be  called  the  "  alloxnrie  nitrogen," 
an  important  urinary  constant  It'  a  separate  estimatifm  of  tlie  mic  acid  be 
made^  the  nitrogen  proper  to  this  may  he  diihicted  from  the  "alloxuric 
aitrogen,"  and  we  obtain  a  value  for  the  '*  nitrogen   of  tlie  Imses.'*     Sneli  a 

'  KrtigBr  md  VViilIf,  Zt^kr.f.phm'm^'  Vhtrm.,  8trasshurK,  lS9t\  \\*\.  xx.  S.  176. 
fNH— C0\ 

I         M 
^Alloxan^i  CO     CO  r  is  on  oxelation  product  of  uric  acid.     Tlie  xantliin  hases  and  uric 

!       I 
Inh-co^ 

acid  will  all  b*.^  sckh  to  contain  tlic*  urea  residue  aiv\  tlio  lliree-feiHifn  ebai]i,  whir  h  together 
compriiie  the  ao-cullcd  '*alloican  riug." 
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procedure  b  our  convenient  method  for  following  the  vamtioiiB  in  the 

excretion  of  thexai       n  group. ^ 

Tc^a— Xaiithin  Lad  ita  two  hoiuultigues,  ami  ako  cam  in  ^  but  not  the 
other  bases,  give  Vi  eiders  reactmn.  ThiB  i^  almf^st  iileutical  with  tlie 
inui'exide  test  desc  \y^\  for  uric  Hcitl,  bvit  clilorine  water  is  used  instead 
of  nitric  aei<l  The  Imm^B  resist  oxidation  with  nitric  acid  much  inon* 
fully  than  tluea  urit  acid,  but,  in  tlie  iires<?ni'e  of  a  small  quantity  of  a 
chloride,  xanthin  v  11  give  the  ordimiiy  nmrexide  reaction.  Very 
characterifitic  of  xauthiii  and  hyjioxantliin  are  the  cry.stalline  pi^eipi- 
tatee  wliich  they  yield  with  silver  nitrate  in  the  presence  of  niuic 
add. 

Vm-iatifms  in  tlie  mnmtnt  of  the  m^inary  xanthin  baaes  dosely  folhiw 
those  of  uric  acid,  and  for  the  most  part  depend  upon  the  same 
influences.  The  l^atK-a,  however,  are  apt  to  ^'ary  even  more  widely. 
According  to  Cumerer  -  tliey  are  greatly  inci^eased  by  certain  forms  of 
vegetable  fuod ;  thuB,  in  one  experiment,  on  a  Hesh  diet  the  nitrogen 
present  as  these  basses  was  only  01  jicr  cent  of  the  total  nitrogen ; 
whde,  wlien  green  vegetJ[vbleg  formed  tlie  chief  ingredient  of  the  fcnxl,  it 
was  0'6  per  cent.  Tliey  are  increased  by  diet  rich  in  nucleins,^  imuX 
patbolffgiciilly  their  annjuiit  is  greatly  raised  in  ssnme  fonns  of  lenkaiaia. 

(f)  Creatinin.— Tbi«  baso  ia  chemically  iHstinct  from  the  alloxuric 
compoundSj  in  that  its  molecule  contains  neitlier  the  alloxan  ring  nor 
the  urea  residues  which  are  cbaraeleristie  of  these.  Nevertheless,  on 
byilroly.sis,  it  easily  yiehla  urea  aud  an  amido-aeid  (nietbyl glycine).  It 
is  the  anliydriile  of  creatin,  which  is  itself  methylglycocyaniin. 


CXNH)/ 


NH2  .NH 

C(NH)<  _^ 

N(CH3)-CH2-COOH  \n(CH3)-CH,-C0 

(creatin)  (creatinin) 

Wlietlier  creatin  itself  is  ever  a  urinary  constituent  is  somewhat 
uncertain.  It  ha.s  been  stated  to  occur  when  the  urine  is  excreted  in 
alkaline  condition,*  but  the  quantity  is,  in  any  case,  very  small.  So 
easily  are  the  two  substances  converted  the  one  into  the  other,  that  care 
is  requisite  in  the  isolation  of  either.  When  creatin  stands  in  acid  solu- 
tion, it  tends  to  change  into  its  anhydride,  while  creatinin  in  alkaline 
solution  suffers  the  inverse  change. 

G.  S.  Jolnison^  has  found,  however,  that  urinary  creatinin  is  not 
identical,  but  isomeric,  with  that  obtained  artificially  from  creatin  {e.g. 
by  tlie  action  of  acids),  and  distinct  from  the  creatinin  found  in  small 
quantity  in  muscles. 

The  cieatinin  of  urine  was  first  isolated  by  Lie])ig.  It  is  present  on 
an  avera^^e  to  the  extent  of  about  TO  grm.  in  the  excretion  of  twenty- 
four  boms,  when  a  mixed  diet  is  taken. 

Frojierfirs. — In  its  compounds  creatinin  exhibits  well-marked  basic 
tendencies,  and  it  can  liberate  anmionia  from  annnonium  salts  on  boil- 
ing; but,  according  to  Salkowski,  solutions  of  the  pure  substance  react 

^  For  details  see  Kriiger  and  Wulff,  loc.  cit.  supra. 
'^Zlschr.f.  BioL,  Miinchen,  1891,  Bd.  xxviii.  S.  72. 
^  Weintraud,  loc.  cit. 
•*  IIofFemann,  Virchoivs  Archii\  1869,  Bd.  xlviii.  S.  358. 

^    /'>-../•      I\.n     .<^'.,A      Tr^i,.L^»      1Q00      x^,^\      1      1.     oa7 
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neiitral  io  litmus.  The  cryBtalline  form  of  the  base  varies  with  the 
methml  of  preparation  (Johnson).  As  ordiimrily  ohtained,  it  exists  as 
cvilom^ess  nionocHnic*  prisiiis,  which  are  often  imporftx-tly  formed,  and 
appear  of  wlietHtoiie  shape  (Fig.  53).  It  dicS.solvefl  in  about  tWLdve  parts 
of  cold  water,  l>nt  reqiures  a  hundred  ]>aits  of  alrohol  to  thKBolve  it  at 
ordinary  teniperatiiros.  In  ether  it  is  ahiutst  insoluhle.  Ureatinin 
reduces  alkahne  copper  Bolutions  (cf.  p.  608),  It  forms  characteriBtic 
erystalhne  SiilLs  with  the  mineral  acids,  arpieuus  sidutions  of  whicli  react 
acid  to  lituuLs.  With  certain  s^dts  nf  tlie  heavy  metals  it  forms  crystal- 
line mtdccidiir  comiiounds,  tWf>  nf  wliirli  arc  id'  |>!ai  tical  iniportanci*, 

Crealinin  zmc'ckiondf — ((  \M.N|t>)2Xn( '1.^— scytaratcs  as  a  ]»rcci]»i* 
tAte,  consisting  of  stellate  chisteis  of  acicidar  crystaln,  wlieii  a  concen- 
trated neutral  solution  of  chloride  of  zinc  is  added  to  an  aquemis  or 
alcnholic  solution  of  the  huse.  The  eom]M>unil  is  soliihle  in  ht*t  water, 
in  mineral  acids,  and  in  alkalies;  hut  insolulde  in  alcohol,  and  very 
shghtlj  scduhle  in  cold  water. 

Cnatinm  mereuric-rJiioriik,  a  complex  compoiuid  of  the  formula 
4<(;\H-X/)  H^'l.HgO);3H«,K  'I.  This  is  preripitated  in  colourless,  glassy, 
spherular  masses,  when  sodium  acetate  and  nicrcuric  chloride  are  added  to 
creatimn  stilutiiuis.  The  hase  is  also  precijiitatiMl,  even  fmm  very  dilute 
solutions,  by  the  ad»litiiUi  of  ]»hosp[iotun<«:stic,  ]>hosphfimolyhdic»  or  jiicric 
acids, 

Imlatifm  and  e^fiuialiojt.^l^QuhiiiwY  ??c]wirated  (^reatinin  from  the  urinfi  hy 
means  of  it.*«  combimition  with  zinc  t^liloride,  tliis  salt  l>€^inf^'  addt'd  to  nn 
alcoholic  extract  of  Um  eviiporated  urine.  A  ni«>rc  rxmvenient  riir.thod  is  to 
treat  the  urine  direct  witli  a  Httlc  suditmi  acetate,  and  then  with  one-fourth 
its  volume  of  saturated  rnercurir-chloridc  solution.  The  jirceipitatc  which 
tirst  falls  in  at  once  iiltered  (►IF;  it  contruii.H  uric  acid  ami  other  eon."^titucnt.s 
but  not  creatiniu.  The  filtrate  from  thirf  rapidly  hn^ius  tn  deposit  the  mer- 
cury compium!  dest-.ribcd  above,  and  in  forty-cii^'Iit  hours  iirceipitation  is  mmv- 
plete  ((t.  S.  Johnson).  The  biso  il^^elf  is  pre|iare<l  liy  ^leroni|iosiii^'  this 
precipitate  with  sulphuretted  hydrn^eu,  and  Ijv  treating  the  crerttiniu  hy+lr^i- 
cMoride,  so  ohtiiin(?(],  witli  hydrate  of  lesuL*  To  iletermiiie  the  <|uanti1y,  the 
mercury  precipitate  may  itself  lie  wei<_jluMb  and  tlic  pert'i'iittiL,fc  i4  erentiidn 
calculated  from  thi>«.- 

Tt'sts. — If  a  solution  nl'  <  nMtinin  ln'  treated  witfi  a  small  i|uaiitily  of 
very  dilute  sot  hum  intiojuiisside  solution,  ;nid  snbsef|U  cully  with  wcnk 
c^ujstic  alkali,  a  rich,  ruby-red  cohjur  is  ]>rodmc(l,  which  afterwards 
changes  W  yelh^w^  (  W >///', s  rmiiwn).  If  acetic  acid  be  now  n<ldc<l  in 
excess,  and  heat  ap]>lie4l,  tlic  sol  nt  ion  be  conies  oi'(*cil  and  I  hen  blue, 
and  finally  a  preci|>itate  uf  l*rnssi;ni  hlue  is  fmuicd.  Acetone  (]>.  (JIG) 
j^dves  an  analnr^ous  reaetir>n,  hut  hebavcs  dilfi/rcotly  after  the  addiliuu  nf 
the  acetic  acid.     Many  spot  inicns  of  urine  will  oi\t;  Wiwbs  lest  dirci-L 

Jaffa's  test  is  an  appHciition  of  the  fact  that  ci-eatiinn  gives,  with 
picric  acid  and  caustic  alkali,  an  intense  iv«l  colnnr,  even  in  tlie  cold, 

Tlie  TariadonH  in  the  urinary  ercatinin  oenersdly  follow*  very  closely 
those  of  the  urea,  Init  there  can  be  no  dimbt  that  its  quantity  dc{jcnds 
largely  on  the  amomit  of  ere^itin  taken  witli  the  fond.  Its  physioluo^ical 
relations  are  discussed  elHcwhere.  P.itbold^it  ally,  it  is  increased  in  rnost 
febrile  conditions,  and  in  diabi^te^s.     It  lins  been  statt^tl   to  diminish  in 

'  In  tliis  process  all  tho  o|^ft^atioaR  are  carried  tmt  in  tlie  cold  ;  hy  this  means  tUe  true 
uriiiArj  creatinin  is  obtained.     Ih^nt  |irodniTs  iaonieric  chan^'c. 
*Cf.,  however,  Alkn,  "Cbumiiitry  of  L^rine,"  p[».  156  and  ITi^, 
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progressive  muscular  atrophy,  and  in  pseudo-hj^pertropliic  paralysis. 
According  to  Senator,  no  increase  is  produced  by  the  paroxysms  of 
tetanus — a  fact  which  is  of  interest  as  bearing  on  the  relation  of 
muscular  activity  to  the  urinary  creatinin. 

(g)  Hippuric  ax3id.  —  Hippuric  acid  is  benzamido -acetic  aciil,  or 
benzoylglycin,  tV,H..('0.NH.CH2.C0(.)H ;  in  otlier  words,  it  is  a  con- 
densation product  of  benzoic  and  amido-acetic  acids,  in  the  fcinnatinu 
of  whicli  tlic  hydroxyl  grou])  of  the  former  is  eliminat^l  as  water, 
with  an  atom  of  liydrogen  from  the  amido  group  of  the  latter.     But 


Fk;.  r»o. — A.   Creatinin  ;   1>.    Hi]>|tiiri('  a(;i(l. 

iIk'  siin])I<'st  .'irlilicial  synthesis  is  ohlaiiicd  when  nionoclilor-acctic  aci<l 
is  lie.-itrd  wit li  ])en/;iiui(lc. 

(;ji,(()A'n,+(iL('ix;o()ir  =  (rjT;,(WNir.(i 

[n  iiiosl  iiiaiiiiiuils  th(?  synthesis  by  (l(»hydi"olysi<  nccni's  in  the  kiihiov  : 
hi]»])Uii('  acid  a|>]>eaiiiiu  in  tli<*  uiine,  whenever  i»en/nie  acid,  or  ]»re- 
eursms  <»t'  Ix-n/oic  acid,  aie  taken  ]>y  the  lunuth.  The  excretion  of 
hi]»]«inic  acid  is,  iinlee(l,  niaiidy  de]»en(lenl.  ii]m.ii  tlie  relative  richness  <.t" 
the  diet   ill  such  |»i-cciiisoTs  of  lieii/oic  acid. 

It  is  in»t  necessary  that  h(Mi/.(iic  acid  sIkuiM  itseh'  Ix*  iiigesle«l.  A 
])en/ene  deiivatixe  containing:  a  sini^le  '•side-chain"  is  nearly  ahvav> 
oxiihsed  in  the  \)in\y  to  ])en/"ic  acid.  Such  snhstances,  t lieref«»re,  a> 
tuhiene,  t„ll,(1l,:  (innann'c  acid.  ( ;ll,.(  I  I.Oll.C 'OOlI  :  m-  jihenvl- 
j.inj. ionic  aci<L  ( "jr,.rH.,.( '|I..('(  )()H.  all  Lii\e  i  ise  \n  an  excreiicin  ..i' 
hi]»])ni  ic  acid  wlim  theyaie  taken  l»y  the  innuth.  Ammatic  coni]»ound< 
of  lids  ty]»e  aie  ahiuidaiitly  jnesenl  in  some  ininis  n|'  veLretal>le  footl.  a< 
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in  many  fruits  and  in  tlie  oortical  jmrtB  of  most  plants.  Vegetable  food 
greatly  in€rea.sc»8,  therefore,  the  exeretirm  of  liip]»uric  acid. 

But  the  veo^etaltle  aromatic  compiuimls  are  not  tlie  sole  souree  of  the 
iirinary  hippuric  acid.  In  the  decnnxpoRition  of  ]ir<iteiilH,  wliieh  oecurs 
in  the  liitwel,  ar*>inatie  rpsiduen  split  otf.  I'reeunstuH  of  henxoie  acid 
(mainly,  perh^ij^s,  phenyIpro])iunie  acid)  are  tlius  ff)rmeil,  and  after 
oxidation  they  atii>ear  in  the  urine  -a^  hii»]turic  acid*  The  metabnlisni 
of  the  tissue  proteidi?  themseh'es,  moieover,  may  yieUl  precnrsorB  of  the 
saiae  kind,  so  that  even  in  8tarvati<ni  hipjunic  acid  does  not  wholly  di,s- 
apjiear  from  tlie  urine. 

Tliis  dual  origin  (frnm  aromatic  jirecurBors  in  the  iliet  chiefly,  hut 
likewise  from  proteid  metaUiHsui)  is  foinid  also  in  tlie  eii.se  nf  the  nlher 
animatic  constituents  of  the  mine  (p.  605). 

Upio  a  mixed  diet  tlie  excretion  of  hijitairic  acid  in  human  urine 
amounts*  to  alxMit  0*7  grms.  jier  dit^m  :  upon  a  diet  rich  in  fruits  it  may 
l>e  mi&ed  to  three  or  four  tiiocs  this.  In  lierhivioa  the  rpi;intity  is  much 
larger;  the  urine  of  cattle,  for  instauic,  often  cinitains  as  mueli  as 
2  |:»er  cjeiiL,  thouf^li,  as  mi;^ht  he  ex]tecteih  tliat  of  sucknig  [alvcs  oidy 
Contains  small  amounts. 

ProjMrtufi.^—lt  forms  four-sided  prismatic  crystals  ending  in  two  or 
fiitir  facets,  and  often  j^nYntped  in  cluni]*s  (Fig.  5*«),  of  whitdi  the  melting 
|)oint  is  about  187"**  It  is  hut  slightly  sr^hdde  in  cold  water  or  alcohfd; 
l>ut  hoth  these  s<dvents  ilissolvc  it  easily  when  liot.  It  is  si^lvihle  in 
ac^tie  ether,  luit  not  so  in  most  other  nrgauic  liquids.  U"  heated  to  240'' 
it  decomposes,  lienzoie  acid  sulJimingout  and  a  reddish  residue  heingleft 
fiehiiid.  When  first  heated  at  this  temperature  a  hay-like  odour  is  given 
♦  »tt',  which  is  suceeerled  liy  that  of  prnssic  acid.  When  hoiled  with  strong 
hy«lrochloric  acid  it  s]»lits  \x\\  into  its  coinimuents,  heiizfiie  and  ninido- 
aeetic  acids.  The  growth  of  the  Mkn^rtHnta  ifrrtr  can  hriug  ahout  this 
decompjsition,  so  that  stale  specimens  nf  urine  <})'tcn  contnin  henzoic  in 
place  of  hippuric  acjti.  Taken  ^>  dryness  with  nitric  aciil,  it  yields  an 
odour  of  nitrohenzene. 

Solutions  of  hippurie  aeid  react  acid  to  litnms,  and  even  wlien  very 
dilute  they  impart  a  violet  cohMU"  to  congo-red.  Wy  the  use  of  the  latter 
indicator  Briicke  proved  the  absence  nf  the  free  aciil  from  the  urine.  It 
is  present  always  as  salts.  It  forms  salts  with  hases,  hut  dot's  not 
c^»mhine  with  acids.  Its  iron  comjtouuil  is  iusiduldi-  in  hot  watei",  and 
may  he  employed  in  separating  the  acid  fmm  its  solutirms. 

Isolation  and  estimafion. — The  iiuthod  of  IJunge  ami  Sclunirdehprg  ^ 
consists  in  making  an  alcoholic  extract  of  the  urinary  soHd^^,  eva|Ksratiiig  oil" 
the  spirit,  diitsolviag  the  residue  in  water,  andj  after  {icidifyhig  with  hydro- 
chloric acid,  shaking  up  repeatedly  with  siicitoflsive  quantities  of  acetioethcr. 
On  evaporating  tlie  IntU^r^  impure  crystaln  of  the  aeid  are  uhlained,  the 
impuritie.^?  being  removed  l>y  treatment  with  petroleum-ether,  in  which 
hipparic  acid  is  ineoluble* 

Tt'st^. — The  eubstanee  is  recognised  hy  its  ciystulline  form,  by  its 
melting  point,  by  its  behavimu'  on  hrjitiug,  uud  hy  the  fr^rrnation  of  its 
insfdidde  iron  compound  when  neuiral  fi  rri<'  ehhuide  is  added  to  its 
scdutions. 

In  addition  to  hippuric  acid,  nnnute  quantities  of  its  hoiuologue 
phjrnacdark   acid   (phenylacetylglyein),    CJI:,(  'IIJ/U— Nll.Cli.C*  mi^ 

^  Arch,/,  exper.  Path.  %i.  Pharmakol,,  Leii"x{gi  lU.  vi,  S.  235. 


6o2 


CimMISTMY  OF  THE  URINE. 


are  oecasioually  i  J  iu  Ikihihh  urine,  its  origin  ami  sigiiificance  are 
analitgoua  tci  those  u.  the  more  aljiimkiifc  substJiiice. 

When  benzoic  acid  or  its  preciiTfsorg  fire  atlDiinistereil  U»  birds,  they 
are  excreted  as  onniknrie  myU^  which  is  an  aimlugous  c-< mjugatiiil  com- 
pound i>f  benKnic  aci  1  with  dianjidovalerianic  acid, 

(h)  Amido-aoic' ».— These,  in  simple  iniennjugateil  form,  are  seldom 
fomi<l  in  imrijiid  w  ne.  Under  C43rtaiii  pathological  conditions  i^ucine 
and  tifro^iim  appear  ri  considerable  tiuantities.  The  eliininatioi]  of  these 
subntiinees  m  e^]>e  ally  asscKviated  with  conditioiis^i  in  which  a  rapid 
destnietinn  of  tlic  hepatic  tissue  has  oecurred ;  tlius  they  are  found  in 
acute  )'ellow  Mtrophy  of  the  liver,  and,  to  a  lews  extent,  in  phoi^phonis- 
poiaoniug. 

When  these  amido-aeidB  are  given  by  the  mnuth  in  moderate 
quantity,  ami  under  conditions  of  normal  health,  their  nitrogen  is 
excreted  wholly  in  the  furm  of  inea,  if,  however,  tyrosine  be  adiuinis* 
tered  in  very  lai^^  aiuninxtSj  it  njay  be  oxereted  in  part  aa  tyix*Hine- 
hydantoiri,  in  whi(di  it  exists  as  a  conjugate  compound  witli  urea;^  and 
at  the  same  time  otlier  aromatic  constituents  of  the  urine  are  increased 
in  ([uantity  liy  derivation  from  its  aromatic  nncleiia.  Only  when  tl**? 
nonon]  liepatic  funtlittnH  are  in  abeyance  rlocH  tfie  imaltereil  annthi*ai'id 
itself  apjjcar^ 

When  yjresent  in  urine,  leucine  and  tyrosine  mv  usually  found 
together.  If  in  large  qnantity,  they  may,  thfiugh  very  rarely,  fonn 
a  deposit;  at  otJier  timej^  they  may  Ive  seen  under  the  microscu|N; 
when  a  drop  of  the  urine  i«  evapumted. 

In  general,  however,  they  must  be 
Hl^k-  ^S-^  jf=\  ^"V  separated     by    special    means.       The 

^F     _:^    ft. ^3^  ^av^  leucine  may  be  dissolved,  by  means  of 

hot  alcohol,  from  the  residue  obtained 
by  evaporating  the  urine,  and  when 
the  alcoholic  extract  cools  it  separates 
as  a  greasy  mass,  which  under  the 
microscope  will  be  seen  to  consist  of 
minute  spheroids  with  concentric  mark- 
ings interrupting  a  radiated  structure. 
To  demonstrate  the  presence  of  tyrosine, 
the  urine  is  first  precipitated  with 
basic  acetate  of  lead,  the  filtrate  from 
the  lead  precipitate  treated  with  sul- 
phuretted hydrogen  and  again  filtered. 
On  thorough  concentration  and  cool- 
ing of  the  lead-free  filtrate,  the  tyrosine 
(»ut  in  characteristic  acicular  prisms,  which  are  mostly  combined 
ves  or  stars  (Fig.  54). 


Fig.  51.— Leucine  and  Tjn'osine. 


separates 
into  shoa 


Cydiiie  ^  is  another  aniido-acid,  but  it  is  at  the  same  time  a  sulphur- 
containing  substance,  diflcring  in  its  nictabolio  significance  from  leucine 
and  tyrosine. 

J  Jail/',  Ztschr.f.  physioI.  Chem.,  Strasslnirg,  1883,  Bd.  vii.  S.  306. 

-  Acconlin^  to  tlic  recent  observations  of  Ulricli,  leucine  and  tyrosine  are  always  to  l^e 
found  in  normal  urine,  though  in  small  niiantity,  CciUralfjl,/.  Phijs-lol.y  Leipzig  u*.  Wien, 
1897,  Bd.  xi.  S.  12. 

3  Cf.    BauMianii,    /t<^rhr.    f.  phf/sio/.    CTicin.,   Strasshnri,',    1884.    Bd.    viii.  S.   299;  also 
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It    is   a   milphiir   derivative   of   an   amidalactic-aoid,   and   has   the 
fonuula : 


I 


CH. 


NH^C— S— S— C— Nil., 


COOK        COOH 

It  may  appear  in  small  quaiility  in  ^^'ertain  diHoasei?.  Iviit  is  generally 
a  pnnIiK't  *4'  pecnliar  iliHurdeifMl  metal Kilinm.  whit  h  is  fdiuid  to  lie  eliai- 
acteristie  \\i  certain  families.  iMenihers  of  .siieh  familieH  n^av  exerete 
hAbitiidUy  fniui  OH  U\  1  ^rni.  dciily.  It  somt'tinies  Ke]>arates  as  a  eryslal- 
line  deposit  from  the  mine,  ami  ucLSLsinnaily  forms  ealruli  in  the  urinary 
tract 

I*hy8iologieally  it  is  of  interest,  in  that  cystine  uisuhshuues  allied  to 
it  are  proljahly  the  preennBurs  of  certain  of  the  nmnial  sulphin*  cumpuonds 
of  the  urine  (p.  (13 2),^ 

It«  ervstals  are  very  cluiraeteri.stir,  hein^^  n.sually  in  the  form  of 
hexagonal  plates  (Fig.  55);  nmre  rarely  it  ai>]»earH  in  rliDniholitHhid 
furra.  Urine  whieli  contains  it  will,  if  heated  with  eaustie  ]KthisL  and 
pliimhic  acetate,  give  a  Mack  prccipitfdc  of  lead  sulphide. 


rrtoTEins. 

Normal  urine  contains  hut  traces  of  snhstanees  h<:donging  or  allied 
lu  the  proteid  gi^'Up.  lUit  minute  rpiaatitics  of  a  aav}r^^-pn>Uv}  deiivctl 
from  the  cells  of  the  yrinary  passages 
are  seldom  or  never  ahsent.  In  the 
majority  of  cases  tlie  auiount  of  this 
is  so  small  that  it  is  dithcult  directly 
to  demonstrate  its  presence.  The 
flocculent  cloud  which  generally 
sejja rates  on  standing,  even  from  the 
clearest  nrine,  hy  no  means  always 
contains  any  isolated  j>rotcid,  luit  may 
consist  entirely  of  intact  epilhelium 
cells.  But  the  nucleo-ijroteid  mriy 
he  detected  by  suitable  tests  in  the 
precipitate  wliich  falls  when  largr 
quantities  of  noinnil  urine  arc  mixi'd 
with  alcohol. 

The  nncleo-proteid  may,  on  tlic 
other  hand,  so  far  increase  in  con- 
ditions of  apparent  health,  that  thf 
{yiiU  infra).  Thus  Klenshurg'^  found,  t^n  cxaminiJig  the  urine  f)f  1252 
healthy  persons,  tliat  97  of  these  gave  a  Teucliiui  witli  nitric  acid,  wlneli 
could  he  show^n  to  he  due  to  a  nuclei t-pmtcid. 

In  such  cases,  and  in  others  where  the  increase  is  greater  rtnd  thu*  to 
inflamniatory  changes  in  the  urinary  trrtct,  I  lie  nucleo-proteid  may  lie 
precipitated  by  the  additic>n  lu  the  urine  «if  lectie  acid  in  the  euld  : 
e8p»ecially  if  the  tluitl  he  first  diluted  to  eliminate  the  solvent  at iiou  of 

*  r»olrlimiiin  and  naiiniaiin,  ihid,,  1888,  lii,  xi\.  S*  254. 
^  iikamlin.  Arch./.  Ph^jsiul,,  L*<ip/i^^  rsv>:j.  VA,  iv.  S.  410. 


urUK 


Fit  J.  55.  —Cystine, 
will  react  tu  Heller's  test 
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the  salts  ptestiiit,  better  atill,  if  the  salts  be  first  reduced  bv  ciialVBis. 
In  some  |>atliolagtcal  conditions,  and  eBjieciall)^  in  cvBtitis,  the  amoimt  may 
be  so  greatly  iiiei^^sed  that  it  sejmnite.s  as  a  v  lie  id  gelatinous  pimipitatt'. 
The  mucoid  aijjt^ami  ee  of  the  urinary  niicko-proteid  led  to  its  beiii*^  long 
looked  upon  a«  mncf  i :  but  it  does  not  yield  a  reducing  substiince  on 
hydrolysis,  while,  on  lie  oilier  hand,  it  m  rich  in  ]iluus|>horiii5,  Neverllieles«, 
recent  resean-hes  ini  ie  u{>on  large  quantities  of  urine  indicate  thai  lli»* 
precipitate  gi^Tn  b^  acetic  acid  conl«*i.ins  small  quantities  of  oniiiiary 
muciriy  or  a  jihuijipho  us-free  mucoid,  aa  well  as  tlie  nui  leo-proteid.* 

Apart  from  increuBe  due  to  inliaunnatory  conditions  of  the  exeretmy 
tract,  nucleo-pmteifi  is  said  t(>  lie  iucreat^ed  wlien  the  hlooti  is  excep- 
tionally rich  in  leucocytes  (leuk^t^iuia).^ 

The  question  as  to  whether  or  not  nornial  urine  cnntains  mrum  albumin 
or  sericm  glohdhi  offers  a  problem  of  the  Bame  order  aa  that  of  physio- 
logical f^lyeo!?uria,  fully  diseus.sed  on  p.  6 OB.  Tlie  luatter  is,  however,  of 
less  imiiotliince  |ihysiolngieally  than  is  the  latt-er  question, as, although  the 
evidence  ti»  linnd  jioints  to  the  fact  that  if  sultiuient  urine  is  employed  these 
proteid.i  luuy  nearly  always  be  separated  in  minimal  traces,  it  by  no  means 
follows  that  tliey  farm  part  uf  the  true  excretion,  for  they  may  ariiie 
rather,  like  the  nucieo-albuTuin,  from  the  surface  of  the  urinary  tract 

As  U\  the  aises  when,  in  a]»parent  health,  theix^  is  such  an  increase  of 
these  proteids  that  their  iiresenee  may  be  shown  h\  the  direct  applica- 
tion of  ordinary  tests,  we  are  met  witli  the  diflieulty  of  having  X^\  define 
what  is  meant  by  ^'normal"  urine.  Such  quanlities  may  be  present, 
for  instfoi*'"  ;ifh'T'f'\"rf'p^inniillv  spv^^ri'  (^xp^'i^fv  ii^  iip  flif*  nrinr^  *>f  «i>lib*'r-i 
after  prolonged  marching  (Leube,  Chateauburg) ;  but  it  is  not  certain 
that  the  excretory  mechanism  is  here  working  physiologically. 

When,  as  the  effect  of  disease,  the  renal  epithelium  has  undergone  degenerat- 
ive changes,  the  presence  of  albumin  in  the  urine  is  a  common  phenomenon  ; 
one  of  the  most  familiar  in  pathology.  Albuminuria  may  arise,  too,  from  such 
alterations  in  tlie  constitution  of  the  blood  as  upset  its  normal  relations  to  the 
renal  cells  ;  this  may  be  observed  in  anaemia,  and  as  the  effect  of  specific 
poisons.  Again,  it  may  follow  disturbances  of  blood  pressure  in  the  renal 
vessels,  even  though  these  be  unassociated  with  obvious  changes  in  the 
excretory  epithelium.  Lastly,  the  albumin  due  to  addition  from  the  excretory 
tract,  after  the  urine  has  left  the  kidneys,  may  pathologically  reach  a  consider- 
able proportion. 

Under  pathological  conditions,  also,  the  urine  may  come  to  contain 
albumoses  and  peptones.  On  the  one  hand,  a  so-called  enterogenous  peptonuria 
or  albumosuria  may  occur,  when,  from  degenerative  changes  in  the  gastro- 
intestinal walls  {e.g.  in  carcinoma  ventriculi  or  the  ulcerative  stage  of  enterica), 
the  difhisiblc  proteids  reach  the  blood  stream  and  thereupon  are  immediately 
climinatcMl  by  the  kidneys.  On  the  other  hand,  these  substances  may  reach 
the  blood  stream  from  abscesses  or  other  purulent  collections  where  the  tisv«;ue 
proteids  have  been  hydrolysed  by  the  growth  of  organisms.  Whatever  their 
origin  (and  it  is  sometimes  not  so  clear  as  in  the  above  groups  of  cases),  the 
proteos(»s  and  j)eptones  no  sooner  reach  the  blood  than  they  are  foimd  in  the 
urine.  Tlie  older  methods  of  investigation  did  not  clearly  distinguish  between 
peptones  and  albiimoses  in  the  urine  ;  evidence  is  now  accumulating  to  show 
that  the  latter  are  by  far  the  more  common. 

'  Cf.  Malfatti,  Jricn.  klin.  Jf'chnschr.,  1891,  S.  433;  also  Mdmcr,  Skandin.  Arch. 
f.  Physiol.,  Leii»/.ig,  181»r»,  S.  437. 

-  According  to  recent  observaticns,  the  inicleo-imtteid  of  urine  is  in  some  cases  to  be 
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A  very  large  number  of  U^l»  for  the  preseii<:e  of  albumin  and  globulin  in 
the  urine  have  been  deacrnMnl.     We  cau  hei*e  refer  to  two  only. 

lidhts  tesi,~A  small  quantity  of  .strong  nitric  nv'ul  is  platted  in  a  test 
tube,  and  the  urine  t&  allowed  to  ilow  gL-utly  down  tlie  sirlo  «]f  the  tube  su  that 
it  floats  uyKin  the  surface  of  the  acid  without  njixin<^with  it.  Jf  coa;Tijlable 
proteids  are  |»re.sent,  u  dense  whit*^  ring  fnrms  at  thu  junction  of  the  liquidi?. 
As  little  as  '002  put  cent,  of  albumin  may  he  thus  detected.  The  urinary 
nucleo-albumiji  may  react  to  thi?i  test  if  in  sutiicieut  quantity,  but  the  ring 
formed  is  lesa  dense,  and  more  apt  to  be  formed  at  some  little  di-^taricc  frnm  the 
acid. 

Ferroct/anide  test.  -A  solution  of  pota^isic  fcrrocyanide  is  lir.^t  added  to  tlie 
urine,  and  the  mixture  made  acid  with  acetic  acid,  when  the  albumin  and 
globulin  are  precipiUited  ana  fiocculent  cloud.  If  the  salt  be  addetl  before  the 
acid,  nucleo-proteid  h  nut  precipitatcil. 

To  sepiarate  serum  globulin  from  allnimin,  the  urine  is,  after  lu.n it ra ligation, 
saturated  with  magnei^^ium  sulphate^  which  |»iecij>itates  the  former.  The 
precipitate  may  contain  certain  uf  t]ie  ^alts  of  the  nrine,  and  heteroalbumo.*^e 
if  pret^ent.  The  proportion  of  gloliulin  to  albumiu  may  vary  greatly,  and  may 
be  quite  different  from  that  present  in  the  bhfod. 

To  detect  peptone.«,  the  urine  is  saturated  with  sulphate  of  amnioniutii,  and, 
ifter  standing,  tiltered  ;  the  biuret  test  may  miw  be  applied  to  the  tiltratc^  a 
large  excess  of  caustic  alkali  being  used.  The  amiurmium  sulphate  precipitate 
contains  |in  addition  to  ammonium  unite)  all  other  [)r(jteids  ]uesent  and  also 
the  urinary  mucin.  If  this  {m.-L^ipitate  he  alhiweil  to  i^Uiud  under  alcohol  for 
some  days,  the  prote<»se3  are  obt^iined  in  ^olutioji  ^t-ln^n  it  is  extracted  with 
water.  The  presence  of  urate.s  must  be  ht»rne  in  mind  when  the  ammonium- 
8uJphute  precipitate  is  being  ih-alt  with,  as  these  yield  a  coloration  witli  certain 
proteid  U'Mt^  ;  and  again,  may  lead  tu  error  if  ordinary  mucin  is  to  he  identified 
by  itfl  yield  of  a  reducing  body  on  boiling  with  acidrf,  for  uric  acid  itself 
reduces  copper  solutions, 

AlMMAlIC    SUimTANCES. 

In  addition  to  liippuric  aciil,  vvliicb,  owing  to  its  inipoiUiice  im  a 
liitrogenotiH  constituent,  we  have  tn.^iitetl  sjiecinlly,  tlif  urine  contains 
other  »ubstain:'e>5  bcdou^ing  to  tlif  uroniutic  ;^nou]j:  tli^it  in  to  huv, 
aEtetances  the  ninlecular  Btructurc  of  wbiub  contLiins  tliu  bcnxene 
nttdeus.  Under  normal  eircuiuwtaiR'es  oaeb  unr  uf  these  is  picsent  in 
very  small  amount,  but  collfctively  tlicy  are  of  inqioi tuiice.  Vur  our 
knowledge  of  their  chemistry  in  the  uiine  we  are  largely  iadi'btcd  to 
the  initiative  wnjrk  uf  Baumanu. 

Like  hippuric  ar-iil  (//.nb  tliey  are  derived  in  part  from  the  firomatic 
constitiienty  of  the  f(»od,  uml  they  iire  all  increased  by  a  vegetalde  diet; 
but  ako,  like  bi]>pnrie  acid,  Uiey  purtly  arise  from  the  breakdown  of 
pruteiilf?.  In  their  derivation  I'rum  the  In  tier  it  is  ]>ossible  tluit  tyrosine 
in  the  lx>wel  is  an  intermediate  stagt\  as  many  of  tbeni  it  re  ^rreatly 
increased  when  that  substajice  is  given  by  the  motiilu'  We  cannot  deal 
with  these  aubstaneeH  in  great  detaib  but  the  cliarat  teristic  ty[»e8 
of  compuunds  in  which  the  aromatic  nucleus  is  b>und  in  the  nrine 
ahuubi  lie  nuted.  T/iri/  mmjiri<f\  mai}ffi/,  slm/tk  /n/tiroxf/i'suhdihition 
producfs  of  htjizftw,  and  cffrbajyfteidfi  nitijul  lo  thfn*'.  We  shall  also 
consider  in  this  .section  urinary  indul  and  ^ikatul,  whi<  li  are  nitiogeiiniis 
aromatic   compounds.      Most  of    tbo   sulistanees   t«»   be   dealt  with  are 

*  Brittgcr,  Ztnchr.  /'»  plnfaial.  Chem.^  SirjiH^lmig,  I87S,  Ikl,  n.  .S.  256  ;  WulkoM  uad 
Bftumaim,  ibid,  1591,'  lid,  xv,  S.  ns. 
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excreted  as  conjicgated  sulphcUes  (see  p.  631),  but  the  carboxyacids  are 
only  in  part  so  excreted.  Inosit,  which  belongs  to  this  group  chemically , 
has  somewhat  different  physiological   relationships  to  the  other  aro- 

matics  of  urine. 

Phenol  (C0H4.OH)  and  kresol  (CHs.CeH4.OH).— Traces  of  carbolic 
acid  are  present  in  urine  physiologically,  but  the  "  phenol "  of  the  normal 
Huid  consists,  as  a  matter  of  fact,  mainly  of  the  homologous  kresol;  and, 
of  the  isomeric  forms  of  the  latter,  parakresol  is  the  commonest.  Tlie 
properties  of  this  substance,  however,  closely  resemble  those  of  phenol 
itself.  -  The  amount  of  phenol  and  kresol  taken  together  may  be  upon  a 
mixed  diet  no  more  than  some  30  mgrms.  per  diem.  If  the  urine 
be  acidified  and  distilled,  the  distillate  made  alkaline,  concentrated,  and, 
after  concentration,  neutralised,  on  the  addition  of  bromine  a  whitish  pre- 
cipitate will  appear,  due  mainly  to  the  formation  of  the  tribrom phenols. 

Pyrocatechin  (orthodihydroxybenzene)  and  hydrochinon  (para- 
dihydroxy benzene)  C6H4(OH)2. — Of  these  two  isomeric  substances 
the  former  is  a  constant  constituent  of  human  urine  in  small 
quantity;  tlie  latter  is  found  probably  only  under  exceptional  cir- 
cimistances.  The  former  is  easily  removed  from  the  acidified  urine 
by  shaking  with  ether;  but  its  subsequent  purification  involves  a 
lengthy  procedure.^  It  is  a  white  crystalline  volatile  solid,  easily 
soluble  in  water.  It  gives  a  dark  gi-een  coloration  with  ferric  chloride, 
which,  on  the  addition  of  ammonia,  becomes  violet  and  afterwards 
cherry -red. 

Inosit. — This  substance,  from  its  sweet  taste,  w^as  originally  classed 
with  the  sugars,  and  was  known  as  "  muscle  sugar."  It  strictly  belongs, 
liowever,  to  the  group  of  substances  w^e  are  considering,  as  it  is  by  com- 
position hexahydroxybenzene  (CH.OH)^.  It  appears  in  normal  urine 
with  considerate  frequency  when  polyuria  is  inchic^d  by  diuretics  or  by 
copious  (h'i liking.  (.)n  the  other  hand,  its  appearance  is  not  entirely 
<lci)en(leiit  u]k)ii  the  Hushing  of  the  tissues  which  such  polyuria  might 
denote,  as  extreme  ])nlyuria  is  at  other  times  not  associated  with 
iiiosiluria.  It  may  occur  in  (habetes.  Galloise  found  it  in  five  out  of 
thirty  cases. 

1 1  may  l)e  sej)arate(l  from  the  urine  by  precijatation  witli  acetate  of 
h'a<l.  Tile  ])veci])itate  is  decomposed  with  hychogen  sulphide,  the  liuid 
concentratcMJ,  and  finally  precipitated  ])y  admixture  with  a  large  bulk  of 
alcohol.  'J1ie  alcohol  precii)itate  is  dissolved  in  water,  tlie  solution 
mixed  with  an  equal  Imlk  of  spirit  and  poured  into  ether,  which  pre- 
cipitates the  inosit  almost  ])ure. 

Tiie  substance  forms  crystals  not  unlike  those  of  cholesterin.  It  is 
o])tically  inactive  and  docs  not  ferment.  It  is  said  to  yield  sarcolactic 
acid  by  the  action  of  bacteria. 

Of  the  aromatic  carboxyacids  the  following  have  l)een  identified 
ill  human  urine: — I\ira}iydroryp}iciii/l-arrtk  afid  Oll.(\;H., — CHo.('OOH; 
j)<ir(ilt if(J III. iijiJn  lii/l-jrropionic  acid  OH.CcH^ — (\_,H^.(M)OH  ;  dihydroxi/' 
jihriiifl-iirrCir  arid  (0H)_, — C.'IL.CL'OOII  (the  lionio^eiitisic  acid  of 
Wolkow  and  J)aiiniaiin)  :  -  and  triln/droxifiditiiifl-jwopionic  acid 
(OH),(V,H,.C,Ii,.(H)OH  (the  uroleucic  acid'  of  Kirk).^ 

ill    the   urine   of   lieil)ivuia   other  analogous  compounds  have  been 

'  Cf.  Hallil.uiton,  '•  Clieniical  ]Miysi..lo;ry  an<l  l*atli()l();:y/'  IS'.M,  j..  74."). 

2  ]j>r.  (•//.,  Ib91,  liJ.  XV.  8.  211.     This  is  tliat   isomeric  acid  wliich  is  related  to  hydro- 
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iletected,  and  kynnraiic  (iciff,  a  related  substance,  is  an  important  consti- 
tuent of  dog  s  urine.^ 

Pathologically,  the  substances*  jii!*t  described  may  l>ccoiue  of  considerable 
imporUnc©.  In  carbolic  acid  poisoning  uiaiiy  uf  them  are  excreted  in  ^TeaLly 
increased  amount;  pyrocatechin  and  hydrochirmn  may  lu'  jiresent  in  Itirge 
quantity,  and  thon  ;^ivc  rise,  by  their  oxidjitioii,  lo  t!ic  peculiar  culomtioti  seen 
in  mrboiuriiL  In  certain  tli^ca.se.s  other  memWrs  of  the  ^Tonp  are  iiicrea^sed, 
uid  give  rise  to  the  phenoinei:ia  of  ateapfonnna.  In  this  ^(tate  the  urine 
develops,  on  standing,  a  dark  colour,  like  that  i^een  in  rarhohuiu  ;  and 
B<Bdecker  in  1861  isolated  a  substance  which  ho  termed  alkapton,  -to  the 
oxidation  of  which  he  held  the  cuhnir  due,  Alkapton  was  shown  by  Marshall 
vad  Kirk  to  be  imjmre  nroleucic  arid  (riife  .'Hjpra),  This  latter  suhHtancc, 
however,  h  not  wholly  responsible  for  the  cohniititin  ]»henouietii>n*  Wtilkovv 
and  Baumaun  -  have  recently  sljown  that  in  a  ciu^e  invvstigated  hy  them  tlic 
**alkapt4>nuria"  w*aa  almost  wholly  due  to  the  prf-senco  of  liumogcntisic  acid 
(gupra),  Pyrocatechin  is  doubtless  sometimes  the  cause.^  Most  hytlroxy- 
derivatives  of  benzene  in  alkaline  solution  develop  a  dark  coloration  on 
exposure  to  the  air^  (cf.  p.  630). 

The  quantity  of  plienol  and  kresid  in  the  urine  is  increased  in  extreme 
constipation,  in  ohstructinn  of  the  lower  bowel,  in  perittjnitisj  ami  in  jncPniia 
(cf.  jndoxyl,  infra f  and  p,  iVM). 

Indoxyl  and  skatoxyl. — These,  although  niUooenous  nunpfuuidfl, 
are  cloJiely  related  hi  the  Bubstances  just  tieatetl,  and  may  titly  he 
considei-ed  here. 

Imkhrf/l  (C^H^.NILCH.COH). — ^Tln^  Ko-ealleil  viiiniiry  indiciin  is 
indoxylsnlphnrit-^  aehl  In  noruial  uriiu.*  on  a  mixed  diet,  the  quantity 
present  is  only  from  5  lu  20  uiorms,  Iti  herbivom  the  qnantity 
is  mueh  larger.  It  is  ahseiit  fmni  the  urine  nf  new-born  ebildreii 
(Senator).  Imloxyl  in  derived  from  oxidation  in  the  hody  oi  the  ifuiol 
ab>orl»ed  from  the  buweh  ami  ils  anKumt  is  increased,  likt-  that  of  the 
urinary  phenolw,  by  all  eaunes  wbirh  lead  to  increawe*!  baeterial  decom- 
position of  proteids,  in  tlie  intestine  or  elsewhere  ;  ami  by  eireumstanees 
which  favour  the  absorf>t!im  <d'  the  indol  when  formed  Ontestinal 
obstruction,  ete.).  Skaio,rt/I  ((\,H,NUH)  is  deriveil  iVom  skated  (n^ethyl- 
indolX  and  aeeonq^aiiies  iudnxyl  into  the  urine  by  ]»arallel  jnitlis  uUil 
frr»m  kindred  eauses.  Like  iudnxyl,  it  is  piesi*id  as  a  eoujugated 
sulphate. 

By  oxidation  indoxyl  forms  indij^oddui"  and  indij^o-rod,  whilo  Hkaloxyl 
similarly  yields  i^d  pi^nents.  Tin*  eonseqiu'ut  eolour  plieut^memi 
which  arise  in  the  urine  are  disius.sed  urrder  the  head  of  the  ingments. 

CaRBOHYDIUTES  ANO    KeLATKU   Sl7i!>TAN(  fa 

Normal  urine  eont^tins  sujall  quantities  of  rerlain  earbohydrates. 
Under  ordinary  eireumst^anees  the  physiolo;4iial  littnt  extendi  only  to 
a  minute  quantity  of  any  one  of  these  stdjst;nit'(*s ;  but,  in  the  irriju*  of 
women  during  laLdaliun,  milk-su;:ar  may  oceur  in  very  eousiileraldi* 
amount,  without  dei»arture  from  wliat  must  l>e  considered  [diysioh^gieal 
conditions. 

'  For  pberiiiirfltani^  acid,  sec  mider  Ijiiipurie  acid.  -  Lor,  rif, 

•  Cf.  T.  Jakscli,  '*KiiiiiMrhi"  Dtagnostik,"  4tU  liditifuj.  IHlHl,  \k  115, 
^  The  1)eh»viour  of  tho  alkaUot  aolution   of  pyrogattie  acuI  us  id  in  pliotograpby  will 
be  &ii  example  fuiiiliar  to  maay. 
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The  general  chemistry  of  the  carbohydrates  is  elsewhere  discussed. 
We  shall  deal  only  with  their  relation  to  the  urine : — 

(a)  Dextrose. — The  question  as  to  whether  or  not  small  amounts  of 
grape-sugar  are  excreted  in  the  urine  during  normal  health  has  been 
much  debated.  It  is  needless  to  confuse  the  issue  by  an  attempt  to 
define  what  is  meant  by  "  normal "  urine.  We  may  ask  rather,  Does 
the  urine  of  the  average  individual,  living  an  ordinary  life,  upon  ordi- 
nary diet,  generally  contain  sugar  ?  There  can  be  little  doubt,  in  the 
light  of  our  present  knowledge,  that  this  question  must  be  answered  in 
the  affirmative. 

Brijcke  ^  was  the  first  (in  1858)  to  state  that  sugar  is  normally  present  in 
human  urine,  and  Bence  Jones-  was  an  early  supporter  of  the  view.  For 
some  years,  however,  the  question  was  treated  as  an  open  one,  and  in  1871, 
Seegen,  after  careful  study  of  the  matter,  decided  that  means  were  not  then 
to  hand  by  wliicli  its  presence  could  be  proved  with  certainty.  Pavy,^  in 
1878,  afHrnied  that  it  was  certainly  a  normal  constituent,  and  has  always 
maintained  tliis  })osition.  Since  then  other  observers  (in  England  especially 
Sir  G.  Johnson  and  G.  Stillingfleet  Johnson'*)  have  stoutly  maintained  the 
contrary.  The  chief  criticism  of  the  earlier  methods  of  demonstration  which 
gave  [)ositivo  results  was  that,  while  they  depended  upon  reduction  tests,  they 
did  not  eliminate  the  influence  of  other  reducing  substances.  The  creatinin, 
uric  acid,  hippuric  acid,  and  other  aromatic  constituents  of  the  urine,  all  tend 
to  reduce  salts  of  the  heavy  metiils  in  alkaline  solution.  It  is  admitted  by  all 
observers  that  normal  urine  exercises  a  reducing  power  on  copper  solutions, 
which,  if  due  to  glucose,  would  indiciite  the  presence  of  about  0*1  to  0*3  \Atx 
cent,  of  this  subsUmce.  But  it  is  e(|ually  admitted  by  all  that  a  large  part  of 
this  reduction  is  due  to  the  other  substances  mentioned  above.  The  question 
which  has  been  at  issue  is  as  t<:>  whether  any  part  of  the  reducing  power  is  due 
to  sugar. 

It  is  evi(l(Mit  that  we  cannot  rely  alone  upon  reduction  tests  applied  to 
the  original  urine.  The  more  accurate  knowledge  that  we  now  posesss  with 
regard  to  the  question  has  been  obtained  by  three  lines  of  investigation: — 
(I)  By  tli(;  application  of  direct  tests  which  are  unaffected  by  substances 
other  than  su;^nir  ;  (2)  by  the  use  of  methods  which  involve  a  preliminary 
removal  of  interferin<^^  suhstances ;  and  (3)  by  the  em])loyment  of  means 
whereby  the  su^^ir  itself  is  se|)arat(*d  from  the  urine  umnixed  with  the  con- 
stituents which  lead  to  error. 

1.  T}i('  ph<ni)i1lnj(lra::i7it'  leaf  of  Fischer  and  v.  JahscJt  has  given  positive 
results  in  tlie  liantls  of  several  observers  when  ai)plied  directly  to  normal  urine.^ 
The  yellow  crystals  of  phenylglucosazone  may  certainly  be  obtained  from 
urine  eontaining  as  little  as  O'l  per  cent,  of  sugar  (v.  Jaksch).  In  my  own 
experience  great  care  is  generally  necessary  to  secure  unequivocal  results  in  the 
case  of  noriiial  urine.  As  a  crucial  test,  it  sutlers  the  disadvantage  of  yielding 
crystals  with  the  glycuronic  acid  coni])Ounds  ;  the  amount  of  crysUils  obtain- 
a])le  from  uonnal  urine  direct  being  in  general  tuo  small  for  discriminating 
tests  to  he  applied  to  tlieni.  After  the  sugar  has  been  previimsly  isolated,  the 
reaction  witli  pheiiylhydrazine  is,  however,  of  the  utmost  value  as  a  confirma- 
t(»rv  test  {rii/''  intra). 

A  <'ol(»ur  i'cacti<Mi  may  be  observed  in  normal  urin(%  which  is  held  by  some 
to  be  conclusive  of  the   presence  of  sugar.      This  is  the  fur/urol  reaction,     A 

1  Si/:innjsh.  ,/.  J:.  Akad.  >/.  //'/.svs./^sr//.,  Wi.-ii,  185S,  IM.  xxix.  S.  :34(5. 

-  Jon  in.  ('h-i,>.  Soc,  Lomloii,  vol.  \iv.  }).  2'1. 

''''  frui/'^  J/"Sj).  /,''j).,  bondnii.  \ul.  xxi.  j>.  413. 

■*  See  .irli"  Its  .ind  ((tncsj.oiKlciH^p  in  llu-  Lanrrt,  London,  daring  July  and  August  1S04. 

^  CL  K.  l(....s,  Ztsr),r.j\  plnjsiol.  ('hem.,  Stiassbuig,  lbi>l,  \^k\.  xv.  S.  523  ;  A.  H.  Alkn, 
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HinalJ  quantity  of  ^-naplitliul  disj^iolviid  in  chloroform  in  adtletl,  ami  theu  some 

**  •  :  sulfilmric  iwmL     The  hitU'r,  by  urtiii^f  u]k>m  tlie  tmces  iif  KU^^iir  presentj 

es  fiirfiirol,  which,  with  tlie  /iiiaphthdl,  ^'ive8  a  vixilet  or  t'ariiiiiie-red 

j-m.*     This  t«,Ht  is  also  nflVrtpfl  l>y  tlo'  pivsfiKH'  of  >,'lyL"nr(inir  ariJ. 

Jiy  tiratiiig  the  iiriio^  witli   infrinnic  !ifi*t;rU*^  rivaliiiiri  ami  thti  various 

'hjirine  rt^ilucing  suh^timres  an?  ptvi"i|utntHl.     i\.  S.  JohiiMMi  lias  nmin- 

ihiit  in  thti  filtrate  iilttoiiUMl  after  tnMtioK  a  nonual  urine  iu  thiK  wiiy, 

_  ir  reaction  ean  he  uliwei  ve«l.      A.  Ih  Allen   lui.^,  howevivr,  nbtaiueJ  jwsi- 

-.iilt^.2 

3,  By  far  the  most  Batiwfaetory  eviihuue  is  fthtmiieil  hy  methoda 
capahle  of  isolatiiij^  any  sugar  tliat  may  be  luesent.  Mniitz,  hy  trratiu*^ 
5  to  6  litres  of  the  urine  uf  fu*aUhy  men  with  lead  salts  and  aniinonia, 
dud  hy  decniiipusing  the  preei]iitate  so  t>ltt*iined  with  sulphuretted 
liydnjgen  (Bnieke'H  luetluid),  wan  able  Uy  isolate  a  Huhstaiice  which  t^ave 
ill!  the  reactions  of  j^rape-sugar.  It  was  fernientahli*  with  yeast,  yielded 
pljenylgliieoHiizoiie  erystals,  waw  dextnufitatory,  and  rediieed  alkaline 
copji^r  and  hisnHit!i  Hnliitioiis.^  Pjivy,  hy  a  similar  metliotl,  huij^  ago 
obtAtine<l  a  fenrientahle  rediKiii;^  hndy  frnm  iifumal  urine,  and  he  has 
since  extended  his  earlier  results  hy  allowing  that  the  suhstanei*  yields 
phenylglucosazj  me.* 

When  solutions  of  earhnhydrates  are  treate<i  with  hen>;oy lcldi>ride, 
they  yield  a  |»reei|>itate  of  insohible  eompfoutels  (esters)  willi  benzoic 
mid.  (Tlyeurmnc^  ai  id  gives  no  ]Ui'ri]iitate.  Ikuiuann  lias  apjilieil  this 
tact  to  the  separatism  of  urinary  (a  rliohydrati'f-' ;  and,  in  the  liandn  of 
Wedenski^  and  llaisch,'^  the  method  has  yielded  very  eonvineing  results. 
The  last  observer  deeomp<»sed  the  benz<ac  esters  he  obtained  from 
normal  urine,  with  aleohnlic  soda,  and  isolateil,  inler  alia,  u  sugar  whieli 
gave,  with  |jiienylliydrazine,  an  osazoue  melting  at  llie  ri^dit  tt^mperature 
lor  that  of  i^lueose.  I'he  pnKbiel  gave  also  nil  llae  other  reactions  of 
dextrose.  The  quantity  tVjun<l  varied  from  Ol)H  to  iJ'bS  grms.  in  the 
Iwenty-fonr  h^airs. 

The  evidence  we  have  detailed  leaves  little  niont  bu-  d*iubt  thn-it 
grape-sugar  is  a  eonstituent  of  nornud  urine,  and  we  may  take  the 
figures  just  quoted  from  llaiseh  as  tbe  nuwt  aeeurate  estimate  we  possess 
of  its  amount  Pavy  and  v.  rdrjinsky  bunj^l  largor  i|uatitities,  and 
Seegen  considerably  less,  but  their  methods  aii^  ]»erbaps  more  open  to 
question  from  the  quantitative  point  of  view.'' 

Aiimenfan/  rjbjeomiritL — It  is  eertjon  that  uiaay  healtliy  iTidividtial^i,  after 
a  meal  rich  in  su^^ar,  and  o^pofially  after  the  et»nHinh]ition  of  an  excessive 
imount  of  sugar  in  fwdution — as  in  swert  wines  and  the  like— exerete  teui* 
pomrily  quantities  of  .^^u^'^n'  ^Teatly  in  exress  of  tlte  snudl  Uitruird  constant  wt" 
have  just  disfusaed.  The  explanatirai  of  tins  is  ja-obably  to  be  fouuil  in  the 
"►Wrvation    of  ninslM^ri^',^   tliat   when    lan^^i*    qnnntilies  of    sugar  are    present 

'Molisch,  C^nfmlbL  f.  d,  nnd.  irisscHAth.^  H*-rHn,  1S8S,  Nos,  31  nn<l  1!«.  AUu  huthcr. 
f-kiti.  CttUr.Bi.,  Leiiizig,  1891,  Bd.  ii,  S,  90  ;  v.  VihiiuAiy,  ZL^'ht.f.phihmL  f%nt.,  Stniss- 
^rg,  1888,  Bfl.  %\\.k  3B0. 

^Lnc.  tit.,  |K  ly. 

^Dtut»chf9  Afch.f.  kiin.  Med.,  hoi|.i^ig,  IsW,  VA,  Jilvf.  8.  252.  A  cmnpltlo  review  nf 
tl>«&rlier  httrHtar*'  will  W  found  in  tlii;*  pajjcr, 

*  **Ph\aiology  of  tlie  Carbohvhati  h,/'  18IU,  \k  180  H  90f. 

^  Zt9chr. /,  phnniol.  Vfum.,  ^Xts^Uw^,  I!<S1>,  Hd.  xiii.  S.  122. 

\ibid.,  18fi4,  ikl.  xviii.  S.  19,'r;  \mh,  xix.  S.  .its  :  xx.  S.  24Si. 

'  For  a  critioi^m  nf  Bnieki*'s  hjaU-prt'i  ipiuilinn  irMithuil,  soeCollsj  Joiirn,  Pht/sfwL^  Cftni- 
t*Tidgraijc1  Ltindoii,  1K**6,  vol.  xx.  i«.  lOP, 

*Arch,/\  d.  ijfs.  Physiid.,  lloiiu,  18S9,  B<h  xliv.  S.  .tOn, 

VOL.  L— 59 


6io  :  CHEMISTRY  OF  THE  URINE, 


in  the  Ijowel,  soi:  lj  be  alM^orbeil,  n«jt  by  ilie  ordinary  pith  of  the  mpil- 

laries  auA  iwrtal  ve^Ja,  hut  hy  way  of  the  kcteals  mid  thoratie  ihict^  thus 
escaping  the  infliience  of  the  hver  Tht*  {jerceiitri^^e  of  8ugar  m  the  hkiod  is 
thereby  increased,  and  the  excess  l^  excreteJ  by  tlie  kiiineyy,  A  digtinction 
between  such  cases  in  il  those  in  whkdi  diabetes  exists,  i^  at  en  in  the  fact  that 
the  "ulimeiitory  glycci  nria  "  ih  not  [irodnced  hy  eUreliy  fooiis,  however  biT^jfe 
the  quantity  tjiken,  1  it  only  by  excejiiH  nf  ready-fcirniefl  snj^r  in  the  iliet,^ 
According  to  Moritz,  lextmse,  laa^'nlojie,  eaue-stigar,  and  itrolMhly  milk-migar, 
may  all  apfiei^r  unalt^  ed  in  the  wiuw  when  noverally  taken  by  the  mrnith  iu 
considerable  qnantity  (e.r/.  200  grnis.),  Sneh  alimentary  effects^  lajst  from 
three  to  nix  hnnrs,* 

Patiufhfjif'af  fjhjcomria. — Tlie  ^^reat  inoreaBe  of  dt^xtn^ae  in  the  nriop 
of  diaWtes  iH  n  familiar  phenoinenoh.  It'^  excretion  mny  mnge  in  thb  4li.^^eftg4? 
from  qnit^?  .nniall  qnantttie.*^  np  to  500  of  600  grniR,  per  dieiiL  The  iiiomiiig 
urhie  i?^  njit  to  eon  tain  h*aat  sn;j;ar  ;  that  pis*4ed  three  or  fotir  hours  after  a 
meal  ^enetidly  contains  mo^t 

Id  otlier  ilise^L^ed  eimditiims,  qnite  ainvrt  fKJUi  dialietes,  a  special  teudencj 
lias  Uen  observed  tu  the  iKHmrrenee  nf  an  alimentary  glycoijnria ;  gout, 
exophthalmic  goitre,  and  certain  nervous  dif^ea^^^  may  be  inatanocnL  Aii 
inc^ea^c  of  redui  iug  j^ubstanee^,  almost  certainly  consiathig  ftt  legist  in  part  of 
dextrciscs  is  naiil  to  be  found  in  tbe  urine  of  8ome  pyfeniic  conditions.  As  tht* 
effect  nf  certain  drug^  and  ti>xvc  siikstniceN,  such  an  chlond*  cblonil  aniide^ 
morpLiue,  hydrocyanic  acid,  tnrpcutiue,  and  c^irbon  monoxide,  the  urioe 
commitidy  reduces  cojiper  .solutions ;  but  in  njont  of  these  v.'dm*H  the  realuetion 
is  dui'  to  r4nijiigated  com  pounds  of  glycnronic  aciil^  and  not  to  dextrose 
{vide  ]K  613), 

Tbc  d*ffpff iom  and  &»(imafirm  of  dextrose,  which,  as  wc  have  wen,  have 
proved  diftii'ult  problems  in  the  ^■nsc  «»f  the  minute  amount  normally  [ire«eiit 
in  urine,  beconjc  easy  wlieu  tlic  increased  anion nt  excreted  in  diseaae  \»  U3  tie 
dealt  witlh  Tbe  n]ethndf^  used  ilepeiid  uj>on  the  redueitig  power  which  the 
sugar  (►xertH  ufjon  nu4;illic  i^idts  or  up^pu  ct'H-^dn  coloured  organic  siilistnii «-, 
and  these  may  be  checked  by  the  fermentation  of  the  suspected  urine  by 
means  of  yeast,  by  tlie  indications  of  the  phenylhydrazine  test,  and  again  by 
the  use  of  the  polariscope.  Of  reduction  tests  a  great  number  have  been 
projtose*! ;  we  shall  here  refer  to  two  only.  The  well-known  Fehling^s  test 
consists  of  a  solution  of  copper  sulpliate  of  definite  strength,  mixed  with  caustic 
alkali  and  alkaline  tartrates  (Rochelle  salt).  The  presence  of  the  last  pre- 
vents the  precipitation  of  cupric  oxide  when  the  solution  is  boiled  by  itself, 
hut  allows  the  precipitation  of  yellow  or  cuprous  oxide  w^hen  reduction  has 
occurred  from  the  action  of  the  sugar.  The  reduction  may  be  observed, 
after  boiling  the  liquid,  if  the  urine  contain  not  less  than  0*2  per  cent  of 
dextrose.  If  less  than  about  0'5  per  cent,  be  present,  no  precipitation  occurs 
until  after  cooling,  when  the  liquid  becomes  opaque,  and  of  a  greenish  colour. 
With  larger  amounts  a  definite  precipitate  of  a  yellow  or  red  colour  is  seen, 
immediately  after  heating  the  test  with  a  small  proportion  of  the  urine. 
Ni/Jafifff'r.<  .snbftioti  has  some  advantages  over  Fehling's,  in  that  it  is  much  less 
atlected  by  cieatinin,  urates,  and  reducing  bodies  other  than  sugar  {vide  siipra). 
It  is  a  moditication  of  the  bismuth  test,  originally  suggested  by  Biittcher,  and 
is  prepared  with  the  same  reagents  as  Fehling's  solution,  but  wuth  the  su}> 
stitution  of  l)asir  nitrate  of  bismuth  for  the  copper  sulphate.  On  boiling  this 
solution  with  urine  containing  sugar,  the  liquid  turns  black.  The  reaction  is 
easily  seen  if  O'l  i>er  cent,  or  upwards  of  dextrose  is  present. 

Both  solutions  are  reduced  l)v  lacUxse  and  by  glycuronic  acid ;  but  the 
former  of  these  substances  can  only  be  present  under    special  circumstances 

'  Cf.  Xeumoistcr,  '' Lelirbnch  der  physiol.  Clioni.,"  Th.  2,  S.  306. 
-  Moritz,  Ccn^valhl.f,  klin.  Med.,  lionn,  Bd.  xii.  No.  28. 
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(infra),  while  the  latter  bi  never  |>reseiit  in  the  urine  in  nmoynts  large 
enough  to  lead  to  confusion  with  glyt^osnria  in  thi^  pi^thrdogieal  sense ; 
except  when  quite  special  t^nhstiinces  have  lieen  taken  by  the  month.  But 
in  ortler  tft  make  the  identihnitioii  of  giuf^ose  mure  cerUiin,  we  niiiy  confirm 
the  result**  of  a  re<luction  test  hj  means  of  ijt^xmt  fenmntafkm.  Laeto^e  and 
;,']ycurunie  acid  tlo  not  ferment.  The  tinne  ?!hould  he  plaiietl  in  a  test-iuhe 
«o  as  completely  to  lill  it,  and  the  tid)e  inverted  over  u  hjksin  Loidaining  a 
further  qimntity  of  the  urine.  After  nseertaining  that  no  air  is  present,  a 
small  jiiece  of  prensetl  yeast  is  pas^ied  under  the  inverted  tithL%  ami  the  hitter 
i«ecured  in  jxtsition  witli  n  <'l:iiup.  The  tnlte  is  then  allowe<l  to  st^uid  at  a 
tem|jeraturc  of  25"  U^  30"  C.  In  twelve  hours,  if  dextrose  be  i>rc.sent  in 
quantity,  a  not-able  nuicmnt  of  carhoii  dioxide  will  hiive  collcH^ted  in  the  upper 
juirt  of  the  tube.  The  feniierihttion  test  is  very  conclusive,  but  it  ih  not  easily 
obtaineil  when  le^  than  0%5  per  cent  liextroije  is  present  ^Vith  phenyl- 
hydrazine,  however,  a.s  already  st:ited,  urines  cont^iiiiing  as  little  us  O'l  per 
•'eiit  will  yi*^hl  easily  rcengnisahle  eryst^ils  of  pheiiylglucosazone.  The  hict 
thai  LTBVuIose  also  fernierrt.s  with  yeasty  ami  yields  an  identical  glnrosazone,  is 
fif  little  iin]M>rtinfe  in  practice  ;  this  su^rar  is  rarely  present  (infm)^  and  except 
under  special  circuokst  inces  it  ij^  unnecessitry  tu  distingitish  it  from  dextro*ie. 

For  the  er^timation  4>f  ilextrosi>,  juoditicfitions  uf  the  various  tentH  just 
deiK-ribed  are  emi»!"y»*<l.  We  may  ascijrt;di^  f*"r  inst4iiiiu*j  buw  much  tif  a 
given  spe^.'imen  of  urine  is  required  to  precipitate  all  the  co[i[>L'r  frum  a 
measured  (j^uantity  of  standardined  lA^hling  soluti«ai.  Or,  with  greater  con- 
venience, we  may  employ  tlie  tuoflificd  copper  test  kn^iwo  as  Pavy's  solution. 
Tills  contains  a  large  excess  of  aiunnada,  in  additiuu  to  the  ordinary  constitu- 
ents of  Fehlings  test  la  umnomiacal  solution  cu]jric  salts  are  blue,  but 
cupr<:iU8  Ri:\lt8  are  cokmrli^sH.  iJy  noting,  thcndorc,  the  ammint  •►f  the  urine 
(dihiteil,  if  necessny,  l^i  a  knt«wn  bulk)  which  is  ncressary  to  tlecolorise  a 
ILfiven  quantity  of  the  standard  I'avyM  test,  we  oblain  a  measure  of  its  rrdiicing 
[jower,  ami  so  of  the  dextrnse  |»resent.  Again,  we  can  adapt  llie  fi^'niejitation 
lest  to  quantitative  jmrposes,  by  measining  the  Cf  L  prurbici  «l  fiom  a  drtjnite 
(jnantity  of  th(*  urine,  or  by  asrcrtainiiig  the  dinn"imti«tn  in  the  specific  gravity 
of  the  iluid  which  fuUnWs  the  destruction  u{  the  sugar  by  the  Vi^ist.  Lastly, 
we  may  euipli*y  the  ]H»larinieier,  wliiih  indicates  the  pereentagc  of  dextrose  by 
the  numlier  of  degrees  through  whieli  a  polaiiserl  ray  is  tnrneil  bi  the  right 
on  {ifii««ing  througli  a  layer  of  urine  of  detenninate  depth,  A  ilrawhack  to 
the  use  of  this  iuKtrument,  when  a[>i>licd  t**  tlo*  urine,  arises  from  tlie  fact 
Ihiit  other  substances  may  1h?  ]>resetd  whiili  arc  ^'ptica!Iy  active' 

(b)  Laevulose* — The  nccurrerux'  ol'  la  vulose  in  nornjul  urine  bus  not 
be^n  observed  :  but  in  certain  crises  uf  i^lyeosuriu  it  isiiaid  tu  be  iiresent. 
Kulz^  separated  from  the  urine  of  a  diabetic  ,i  hcvurotjitory  Bii^^ur, 
which  |R)8Bes.sed  all  the  properties  of  ludinury  hcvuhLSu,  except  that, 
unlike  the  latter,  it  was  precii>ilatetl  liy  bitsic  ucet-nte  vt  Iciuh  When 
hevulose  is  given  by  the  mouth  in  diabetes,  it  can  be  utili^tni  in 
metaboliBrn  raore  readily  than  dextrose,  and  within  t^eitain  linnts  of 
administration  it  in  not  excreted  in  the  urine,  lleyoiul  thei^e  limits, 
however,  it  is  eliminated  partly  unaltered  and  partly  as  dextrose.- 

(c)  Ijactose. — That  a  reducing  substsniee  is  apt  to  appear  in  the  urine 
of  women  during  the  period  of  lactation,  was  first  observed  by  Heller  as 
far  back  as  1849;  and  F.  Hofmeister,^  in  1877, '"^b owed  definitely  tbut 

*  Details  of  all  thpae  jirocesses  will  Ijc  foninl  in  [HMrHiual  luoidliooks, 

^  Ztiehr.f.  BifiL,  MiiacheRp  1B90,  PA.  ix.  S.  J^fi,  Referbnces  tti  the  earlier  litinitiire 
nill  be  found  in  this  |iii|»4'i. 

*Cf,  Haycraft,  Ztiiihr,  f,  phfjiiiol,  Vh.m.,  Slra.sHhiiri?,  M.  xix,  S*  137;  link  White, 
Gutr*»  !io.*p,  fl^p.,  Liindoij/189'i,  J'.  133. 

•  Ztschr.J\  phymuL  Vhem.,,  Strasuljarg,  1877i  liih  i.  8,  104. 
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this  was  milk-sugar.  Only  lately,  however,  has  it  been  recognised  that 
lactosuria  is  an  almost  constant  phenomenon  during  lactation.  Even 
when  the  conditions  are  altogether  favourable  and  normal,  it  is  seldom 
that  the  sugar  is  not  present  in  the  urine  at  some  portion  of  the  period. 
When  any  interruption  to  the  natural  removal  of  the  milk  occurs,  the 
amount  may  be  very  considerable. 

The  plienomenon  is  easily  understood  when  it  is  remembered  that 
the  lactose  excreted  into  the  blood  from  the  mammary  gland  does  not 
come  under  tlie  normal  influence  of  the  liver.  Eecent  researches, 
indeed,  indicate  that  milk-sugar  cannot  in  any  case  act  as  a  precursor 
of  glycogen,  until  it  has  been  inverted.  When  lactose  is  taken  by  the 
mouth,  tliis  inversion  occurs  before  or  during  absorption  from  the  bowel. 

The  coinpleto  identification  of  lactose  in  the  urine  is  difficult,  unless  it  be 
first  isolated  by  processes  too  lengthy  to  be  described  liere.  But  if  the  urine 
exhibit  tlie  followinj^'  cliaracters,  the  presence  of  lactose  is  estabhshed  almost 
witbout  tlio  possibility  of  doubt.  It  sliould  reduce  copper  and  bismuth  solu- 
tion ;  but,  witb  the  fermentation  test,  it  sbould  give  negative  results  for  the 
first  twenty-four  bours  of  the  (experiment,  and  it  should  give  no  definite  crystal- 
line ])reci]>itjito  with  the  phenylbydrazine  test  when  tbis  is  directly  applied.^ 
On  tbo  otber  band,  after  boiling  with  5  per  cent,  sulphuric  acid  for  a  short  time, 
the  urine  sbould,  if  first  neutralised  witb  ammonia,  give  the  phenylbydrazine 
test  readily ;  crystals  of  dextrosazone  sbould  be  thus  obtained,  and,  with 
pr(q)er  precautions,  galactosazone  crystals  may  be  also  distinguished.  Although 
tbe  lactose  is  converted  by  tbe  mineral  acid  into  dextrose  and  galactose,  a 
fermentation  is  not  always  to  be  obtained  after  treatment,  as  the  large  amount 
of  sul])bate,  wbicb  is  ])resent  after  neutralising  the  acid,  interferes  with  the 
growth  of  tlie  yeast.  If  the  reducing  pcjwer  of  tbe  iirine  be  estimated,  this 
sbouM  be  found  increased  after  boiling  with  mineral  acid,  but  unaffected  by 
l)oiling  witb  citric  a(dd. 

(d)  Pentoses — Xi/losc,  arahinose  (O.HjoO.). — Ebstein,^  Salkowski,^  and 
otbers  liave  (►l)serv(Ml  the  presence  of  5-e4irbon  sugars  in  the  urine. 
Tboy  ar('  gon orally,  wben  ])re8ent,  derived  from  tbe  food,  and  then  pro- 
bably aviso  fioni  certain  fruits,  osj)ecially  cherries  and  plums,  which 
contain  citlior  pentoses  or  a  precursor  of  tliese  sugars,  the  so-called 
"  fruit  ;4uni."  T1h»  pentoses  are  a])pareiitly  assiniilalde  with  difficulty. 
Under  exeo])tional  eircunistances,  it  seems  possible  tliat  they  may 
arise  in  tbe  ori^Miiism,  as  tbe  result  of  disordered  met-iibolism.  It  bas 
becni  found  that  a  certain  ])roteid,  derived  from  the  pancreas,  yields 
pentoses  wbon  ])oiled  with  acids,  aiul  some  such  su]>stance  may  be  the 
soui-oo  of  ]»('nt(»sin'ia. 

Tiic  pentoses  <^\\v  a  icd  coloration  wben  treated  witb  strcmg  hydrixihloric 
acid  in  llie  presence  of  ])bloro^ducin  (Tollens'  reaction),  (llycuronic  acid, 
bowevci*,  beliMves  similarly.  Tbey  reduce  co]i]>er  solutions,  and  yield  an 
os;i/.(.ne  after  >oiii('wbat  prolonged  warminj^'  witb   pbenylbydrazine,  but   tbey 

do   not   fi'i-iiH'nt. 

(e)  Isomaltose. — Wben  tbe  mixture  of  carlxdiydrates  obtained  from 
noi'uial  urine  by  ]»i"eei])itatiou  witb  benzoylebloride  is  fermented  with 
}'east,  so  tbat  all   tliu  dextrose  pi^esent  is  destroyed,  tbere  renmin  small 

'  T.;i<t<»s.iznii.'  (l-Ms  ii(,t  crystalli-f  rr.ulily,  except  fn»iii  jturo  solutions  of  tin*  siifrar. 

-    ]lrrln„r's  Arrhlr,   ]>'JL\    Ii<l.  rxxix.  s!    101   ;   cxxxii.  S.   'MS. 

'^  f'rn'ra/h/.    f.    d .    ,,i><l.     Wissmf^rh.,     \\viV\u.     ISli;{,    S.    H»:'.  :     Bcrl.    kihi.     U'chn.^chr., 
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quantities  of  a  swgar,  which,  tlimigh  not  fermenUibk*.  gives  a  well- 
crvBtalUfled  osazoiip.  and  reduces  FehliiigK  K«ihition.  Acenrding  to  the 
re^^earches  of  Baiscli,^  the  piMpcrtics  nf  this  svilistaiiee  a|:roe  with  thf^se 
rrf**is<»ioaJt*>s€*." 

(f)  Animal  gum. — The  third  and  remaining  cjuhnhvilmli^  wliieh 
s^jjanites  fruni  normal  urine  when  tfii^  i.s  treated  witli  hro zny Ic I d<*ride, 
ifi  a  dextrin-hke  subst^iiicc,  in  all  jirohahihty  identieul  with  *' animal 
gum.**  This  wa!4  first  i.snlateil  from  urine  by  Lmdwelir,^  wlio  t(»ok 
advantage  for  this  ]iuriit>se  of  the  insoluhility  t>f  its  fuppt^r  ci»m|iiunnl 
Its  pre»6nce  has  heen  coutirmed  Inith  by  WethuKski  and  liaisejj.  who 
employed  the  lien/<>vIeldoride  method. 

The  Buh^taneti  does  nut  reduce  ineUUie  salts,  hut.  mi  thr  rttlu^r  liand, 
on  boiling  with  mineral  acids,  it  yields  a  derivative  which  will  reduce 
Fehling^s  and  Nylanders  roagentH  Freely.  Sinudtaueonsly  it  yi<'hlH 
(like  many  other  earbohy<l rates  arul  certain  of  tho  aromutie  ec>nstitu*mta 
of  the  urhnO  with  aeid.s  a  luv>wn  tloecnlcnt  ]«n'ci]»itatr  of  the  '' /ufmotm 
sHk^tamrs''  uf  v.  I'dninsky.-*  It  is  iUw  to  the  ]nest'nri-  of  this  t^ulfstanee 
that  the  reducing  powtT  uf  nn>st  urines  i.s  incirasetl  aftei"  hniliu^^  with 
mineral  acids. 

(g)  Glycuronic  acid. — Tlie  chenncal  relationship  of  this  ;j<id  to  the 
gluci-ises  is  seen  liy  a  conipaiisun  of  their  rcspi'i-tiv*.'  hirmula: — 

ClLHt)(CfLOH),CHO  C001L(CH.On),(iIO 

(glui'u»e)  (glvL'iiruiik  tw  iilj 

It  is  derived  from  these  sugars  lay  nxtdutiiMi  of  the  priiuaiy  alcohol 
group,  ('Hj.OH,  to  the  earhoxyl  gronji,  ('Ut)It.  It  is  at  once,  therefnn% 
iin  aldehyde  and  an  acid.     As  an  ahleliyde,  it  reduces  copper  solutions. 

It  should  he  understand  thai  glyrtH(*]nc  acid  is  never  a  constitucnl 
of  norma!  urine*  in  appreciMhh^  aumtintj  nt*r  does  it  appear  as  the  result 
of  ]KJithologieal  processes  iii  the  ordinary  sense.  Its  preseucc?  ahjiost 
always  depemls  upon  the  iu;iestiiin  of  special  suhstances,  which  nre  fur 
the  most  part  foreign  to  ordinary  ftMulstvMfs:  and,  win  n  e.\crctc<l,  it  is 
"conjugated  "  with  tliese,  or  with  derivatives  i>f  tln's<\ 

It  is  ajrparently  an  internu^diate  [iroduct  in  tlie  TUi'tiilMdism  of 
earlM»hydrates,  which,  normally,  heconics  fully  oxiilisrfl  iu  the  l^iily; 
but  whicli,wheu  cr>njugate(l  with  the  exerptional  substaners  jefcrreil  to, 
escaptes  oxidation,  and  appcnrs  in  the  urine,  just  as  the  easily  nxidisahle 
glycin  is  ]u<»teeted  by  eonjagatinn  with  heuzoic  acid  and  apjicars  as 
htppuric  aeid. 

Some  of  the  substances  wliich  baiu  these  eonjiigattHl  (^ompoutuls 
with  glycnronie  acid,  are  those  whieli  ordinarily  furni  conjugated  i»r 
cthere^il  HnlphatcsO-f.  iiji.  tiOh  mtuI  (j:J1  ),  (\s]K'eially  tlie  art»ma1ic  hydroxy- 
compounds,  rhenol-  indnxyl-  ami  skatuxyl-glyeurunic  acids  and  many 
analogues  have  l^een  descrilied  in  the  urine,  lint  apjiureutly  the  Hul[>hate 
ciinjugatinu  is  the  more  constant  proeess,  and  it  is  ntdy  wluui  the  altove 
substaneeH  are  present  in  very  large  amcanit  that  tla^ir  glytMironic  cun- 
jugafces  appear  in  addition  to  their  Hul[4nirie  acid  eoiu]M>uutls,^— in 
general,  only  when  they,  or  their  precursnrs,  are  given  abunilautly  by 
the  mouth  for  the  jnnposes  of  experiment. 

Of  mure  practical   importance  are  those  ernijugated  conipuumls  uf 

*  Baiach,  Zt^chr.  f.  phi/siof.  f%^nK,  Slrji.s>«lnTr;^,  IVl.  xx.  8.  249. 
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glycuronic  aoitl  *  inemberM  of  the  fatty  group  of  alrolinls,  which  tire 
excreted  after  the  Lse  uf  certain  commoii  drugs.  Thus,  %vhL'n  djlonil 
hydrate  is  bein^,^  taken,  trichlorethylglyeuroDic  acid  (urochUimlic  Muil)^ 
is  often  found  in  tl  e  urine,  and  anningfmsi  cnuipouudt^  ame  after  the 
administration  of  \m  ylchlnral  hyiirate  and  chlurofurm. 

All  these  cunipoi  uds  are  Uuvrirotatoiy,  thnugh  gl^xurotuc  acid  itmdf 
is  dextrorotat<irr :  n  any  of  tliL*iu,  urochloralic  acid  fur  iuHtance.  rcnluc*? 
bismuth  and  coppe  solutions  freely,  and  their  preacnci*  laay  there  fitr*? 
lead  to  error  in  test,  ig  for  sugar ;  but  tht^y  arc  not  fcrinentahle.  They 
split  up  with  varying  degrees  of  eana  into  glyetii:onic  add  and  the 
conjugated  sulmtauce,  either  hy  boiling  with  mineral  acids,  or  when 
heated  with  water  in  sealed  tubes  ;  some  (tv/.  i*henolgly citron ic  ncid) 
decompose  wlica  lioiled  witli  water  alone. 

Glycuronic^  acid  itstdf  is  a  nyrupy  substance,  soluble  iu  water  and 
alcohol;  but  when  ita  aqueous  solutions  are  boiled  or  evaporatti^d,  it 
loses  water,  ami  furnm  a  crystalline  anhydride  which  \&  insoluble,  in 
alcohol. 

To  separatt^  th<f  uiiaiiry  glycurunic  cujupound^,  \\  Inrge  quantity  of  urin*^  lis 
precipi tilted  witli  ai^ptsitr  uf  Imad,  m\A  thr  prtx"i]iitjitc^  decom|M3ged  with 
sulphuretted  liydr<>j*i'ii.  Afk^r  tiltering,  Ipnriiun  hydriile  m  iiddfd  to  the 
sohition.  The  snljiliutcs  and  plitKsj.iijiit.es  tliUH  preci|«it#ikMl  arc  KltenMl  nfi;  and 
alcohol  adde<l  lu  tln^  Jiltialf%  whr'reuiRm  the  Ixiriuni  saltw  uf  the  conjiipite*! 
glycuronic  acids  rrywtalUsc  out/^ 


Other  Organic  Compounds. 

Oxalic  acid. — Small  quantities  of  oxalic  acid  (COOH^  are  present 
in  all  specimens  of  urine,  about  50  mgrms.  being  the  average  for  the 
day's  excreti(jn.  Much  of  this  may  arise  directly  from  preformed 
oxalates  ingested  with  the  food,  as  all  vegetable  food  contains  traces  of 
these  salts,  and  direct  experiment  has  shown  that  they  are  susceptible 
of  but  very  incomplete  oxidation  in  the  body.^  But  oxalic  acid  does 
not  disapi)ear  from  tlie  urine  wdien  pure  Hesh-food  is  taken,  nor  even 
during  starvation ;  *  it  would  thus  seem  certain  that  it  can  aiise 
from  proteid  metaljolism.  It  is,  in  certain  cases,  very  largely  increased 
in  amount,  from  causes  w^hich  are  not  clearly  understood.  Some 
authorities  liold  that  these  cases  of  "oxaluria"  depend  always  upon 
excess  of  preformed  oxalates  in  the  diet;  but  no  one  who  has  observed 
the  marked  tendency  to  increased  oxalate  excretion  in  diabetes,  or  the 
way  in  whicli,  in  some  cases  of  glycosuria,  a  temporary  decrease  in  the 
sugar  may  be  associated  with  an  increase  of  oxalates,  can  doubt  that  it 
may  arise  also  from  incomplete  oxidation  of  carbohydrates. 

Oiralate  of  calcivm  frequently  separates  from  the  urine  to  form  a 
crystalline  deposit.  It  mostly  takes  the  form  of  the  so-called 
"  envelo])e  crystals,"  but  may  appear  as  dumb-])ells,  and  is  often  seen  as 
clear  ovoids  (Fig.  56).  It  is  respoiLsible  for  the  formation  of  a  variety  of 
urinary  calculus. 

^  This  was  tlic  Hist  of  these  substances  to  be  described,  vide  Musculus  and  v.  Merin<;, 
Ber.  d.  d^.utsrh.  ('hem.  GcscUsch.,  Berlin,  1875,  B<1.  viii.  S.  662. 
^Cf.  Asliduwn,  Brit.  Med.  Jourii.,  London,  1890,  vol.  i.  p.  169. 
Hia^dio,  Arrh.  /.  r.rprr.  Path,  v.  PhnrviakoL,  Leipzig,  1887,  Bd.  xxii.  S.  246. 
•*MaiToii,  Jnhrcsh.  it.  d.  Fortschr.  d.  Thicr-Chcm.y  Wiesbaden,  1892,  S.  72. 
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To  demomtraie  the  preseute  <»f  oxalic  aci<l,  in  hi  to  eslimaie  it**  umounfc,  a 
litre  of  urine  shoultl  b©  treat4?il  witli  (mlcimu  {"hlorid©  and  animoina^  and 
afterward.s  made  acid  with  acetic  acid.  Aft^r  twenty-fciiir  honrs*  standing, 
Uif  crj'staihue  precipitate,  wliicdi  cont^iins  nrin  acid  crvf^tals  mixcit  with 
calciiuii  oxalate,  is  filk^red  olf  nod  treat«*d  witli  diJnt'i?  hvdr^M'ldtiric  arid.  The 
oxalate  •lissolve.*^^  and  is  ivj^rerijiitatefi,  iifUT  hltei'in^^  ivH"  thi*  ttric  acid,  l>y  the 
jiiidition  of  amnnmia.  At  a  dull  red  heat  it  is  converteil  ijito  calcium 
carbonate,  and  may  be  weighed  as  such. 


Krj.  56. — L'iildiirii  oxalate. 


Acidfi  and  hydroxyacids  of  the  fatty  series,  with  derived 
substances,— Nor uial  urinu  LoiiLaiius  iiiiuutu  ^[iinritilii'.s  of  tin/  njffflih' 
jnihj  ariff\  es])B"'iuily  acutie,  but  also  fnrnii<%  prnpiipnir\  and  butyric 
acidfiv^  1'h<jy  do  nut,  as  u  rule,  aniuunt  i  nllrctivtdy  ti»  inoru  than  .snuic 
50  mgniiH.  in  iliu  day\s  (\\rrt!tiori,  and  thL*y  arise  duubtk\SH  from  the 
bacterial  deeompoBition  of  rarbohyd rates  and  proteids  in  the  h>wer 
bowel.  Fatty  acids  of  low  atoniir  weight,  siir-h  as  the  above,  are  less 
easily  oxidised  in  the  (jrg;uii,sni  than  are  tlinse  of  greater  eoni]dexity," 

The  annjtint  is  coiisiilendile  in  the  urine  of  Inrhivonu  and  \u  in;in  it  is 
ijirrnaspd  by  many  discuses,  cs[n^<'iully  by  sUL'ti  as  hail  in  incrcuM-il  deciiin|M)si' 
tion  in  the  bowel,  or  to  p^|^li>Tc4ed  consti[)atioiL 

When  a  specimen  of  urine  undergoes  aianioiiiacal  fernientation,  the 
volatile  acids  are  increased  at  the  expense  of  the  carhuhydnites  it  eontiiiiis.-^ 

These    acids    are    obtaimd    from  the  nrine  by  distillation  with  pltosphorir 

*Cr.  V.  Jaks^li,  ZLicJir,  f.  phffsioL  f%rw.,  Stra.HHlnirg,  1886,  Bd.  x,  S.  r»:i«.  The 
iM'lier  litt^rature  in  lirre  ^uiiimiiriHid. 

*C,  Schotts-n,  ihitK,  1.H83,  BJ.  vii.  S.  375. 
'S»lk<j\vski,  ihid.,\M%  MA.  xiii.  8.  201. 
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acid.  They  are  found  in  the  distillate  so  obtained,  together  with  traces  of 
hydrochloric  and  benzoic  acids,  phenol,  and  acetone. 

Sarcolactic  acid  is  not  a  normal  component  of  human  urine,  but  it  appears 
in  many  diseased  or  abnormal  conditions  of  the  body,  of  which  it  may  be  said 
generally  that  they  involve  either  a  suspension  of  normal  hepatic  functions  or 
interference  with  the  proper  oxidative  processes  of  the  body.^  It  was  first 
observed  in  the  urine  of  phosphorus  poisoning,  and  of  acute  yellow  hepatic 
atrophy,-  and  may  be  always  demonstrated  in  these  conditions.  It  is  found 
also  after  vslow  asphyxia ;  in  poisoning  by  carbon  monoxide,  in  prolonged 
anaemia,  and  shortly  before  death  in  very  many  diseases.  That  it  may  appear 
after  prolonged  and  severe  exercise,  is  doubtless  explained  by  the  fact  that 
oxidation  in  the  body  has  not  kept  pace  with  the  increased  production  of 
lactates  in  the  muscles.^ 

The  throe  closely  related  substances,  p-hydroxyhuiyric  acid,  acetacetic 
arid  (liiarefir),  and  acetone  rise  to  importance  only  in  diabetes,  but  small 
(juantities  of  the  last  may  be  found  in  normal  urine,  and  all  may  be  increased 
in  disease  apart  from  glycosuria.  The  following  equations  show  the  relation 
which  ol)tains  between  them  :  "* — 

CH..CH(0I1).CH..C00II  +  0  =  CH3.CO-  CH2.COOH  +  H^O 

{/^-liydroxylmtyric  acid)  (diacetic  acid) 

CII3.CO— CH.,.COOH  =  CH3.CO.CH3  +  CO2 

(diacetic  acid)  (acetone) 

Th(?  first  only  api)ears  in  the  urine  in  conjunction  with  the  others,  but 
either  of  the  two  latter  may  be  found  alone.  Large  amounts  of  all  three  may 
be  found  in  diabetes;  of  the  hydroxy-acid  many  grammes  may  be  passed  in 
the  day. 

The  ])rrsonce  of  diacetic  arid  may  be  demonstrated  by  making  the  urine 
acid  with  sulphuric  acid,  and  shaking  with  ether;  the  latter,  which  extracts 
the  8ul)stince,  is  tlion  transferred  to  another  vessel,  and  is  shaken  with  a  weak 
aqueous  solution  of  ferric  chloride,  which,  if  acetacetic  acid  was  present  in  the 
urine,  becomes  of  deep  burgundy  wine  colour. 

In  testiug  for  th(»  ln/(h'oxf//jf(tf/rir  arid,  advantage  is  tiiken  of  the  fact  that 
it  yields  a  volatile  derivative,  a  crotonic  aci<l,  on  distilling  with  sulphuric  acid. 
This  sul>stan<N^  rrystullises  out  froui  the  distillate  of  the  urine,  and  may  W 
i<lentiH('<l  by  its  melting  point  (72'  C).  The  urinary  hydroxybutyric  acid  is 
kevorotatory. 

Arrfnu'^  is  identified  in  a  urinary  distillate  by  first  adding  a  few  drops  of  a 
solutinii  nf  sodium  nitrfjprusside,  and  then  caustio  alkali,  whereupon,  in  the 
])resonco  of  ar*('t<>ne,  a  line  cherry-red  colour  is  produced.  Acetic  acid  subse- 
quently added  in  excess  changes  the  colour  to  })urple  {fjpgaVs  ffsf). 


Tiif:  CoLoini  of  Uiiine  and  the  Ciiemistky  of  the  Pigmekts. 

It  is  a  familiar  fact  that,  under  ])hysiological  conditions,  the  iirini* 
may  be  almost  colourless,  or  may  exhibit  tints  varying  from  a  jwile 
stiuw  yrllow,  tlirouj^di  deep  orange,  to  reddish  brown.  In  its  commonest 
c(Ui(liti(tii  it  is  Vidlow.  Pathologically,  the  colour  may  undergo  variations 
wider  than  those  seen  in  health. 

'  Cf.  Ar.iki.  /fsrhr.   f.  phi/siol.  Clnm.,  Strassl.urg,  1805,  Bd.  xix.  8.  422,  witli  refeniKo 
to  j.r.'vioii>  |.;i]Mi-,s  l.y  this  author. 

'  S<liult/in  u.  Iiies>,  ('hen.  Centr.-L'L,  Lfip/ig.  ISfJ^,  S.  flsl. 

•' CMhisauli   and   Moscatelli,    Arch./,   cjpcr.   ruth.   u.   J'/uinnakol.,   Leipzig,  1890,  Hd. 


THE  COLOUR  OF  URINE.  Itf 

An  efifort  has  been  made  in  refer  the  varying  degree  of  ]iiginentalinii 
to  a  standard  ccilnur  8eak%  ko  that  tlie  eoiiditinn  of  a  given  speeinien,  as 
regards  col  on  r,  might  Ite  quantitatively  expressud.  Wwl  mnrh  diihenlty 
inter^'enea,  in  tliat  variatinns  may  1**'  due,  nut  alone  U\  differing  aninunts 
of  a  single  eulmirhig  matter,  Init  tfi  indejM*ndent  and  tiuite  inegular 
variations  in  at  least  three  or  four.  The  entleavour  lo  attaia  to  nuanti- 
Utive  preeinion  has  on  this  aeeoiint  proved  misiic  cewsful  in  jaaetiee.i 
We  may  content  ourselves  with  speaking  of  physiologiwd  nrine  as  pile, 
iiomiaU  or  high-eoloured  respectively,  and  aw.sist  the  de8erij>ti*tn  hy 
comfwirison  with  other  sahstances  of  himiliar  ap])earaia'e  (**  .straw- 
iv>loured,"  *' slierry-colonredr  ctc.X 

Pale  urine  is  usually  of  low  density,  and  t'tnitinns  a  wnjall  ]troportion 
of  Solid  matter.  It  results  froni  all  causes  whicfi  promote  a  eopi(ais 
How  of  tiuid  from  the  kidneys,  sueli  as  free  ingestion  of  liquids,  a  check 
to  the  cntiineoas  transpiration  (as  from  the  etlect  of  et^ld),  and  emntioual 
excitement. 

High-coloured  urine  is  generally  of  high  ilensiLy.  auil  is  excreted 
whcii  the  transpiration  from  the  skin  is  more  than  usually  frecj  or 
under  cmiditions  of  high  metaholic  activity;  After  a  full  nn-ul  the 
urine  is  often  at  once  copirais  and  of  full  colour 

In  general  the  amount  of  pigment  rises  witli  an  iiuTeasi-  in  the  eon- 
stituents  excretcil  tn'  the  renal  epitheliinn,  jind  not  with  the  glomt-rular 
excretives.  The  depth  of  colour  may  hv  atlccted  \\y  the  rcitclirai  of  the 
urine;  other  things  hcing  cqunl,  an  acid  urine  will  show  a  darki-r  tint 
than  <ine  that  is  alkaline. 

Examined  directly  hy  means  of  the  spectioscoijc,  fresh  normal  urine 
is  found  nearly  always  to  sliow  no  *lefinite  al>sor])tion-hand ;  a  diffuse 
absorption  of  the  more  re  frangible  rays  hiding  alone  evident. 

lint  by  the  aid  of  the  ffjn'tirojfhntftntpfcr''  wi'  may  aii'sisun^  tin'  iuuoinil  of 
lil^lit  ahsorption  in  any  rc^'ion  of  the  spectrnia  aj^art  from  the  |irt'sencG  of 
aeUiid  Ijands,  When  ii^^lit  ]>a,sses  throu^Hi  urine,  the  anion nt  oi  aUsorption 
increa^ei?  progrensi vtdy  from  tlie  irdd-rcfl  lo  the  violi^t. 

8uiijn>se  the  ulisolutt'  absorptiou  at  any  tvvt>  [M>iut>i  in  this  n-gitai  of 
S|K»ctrujii  Ik*  meiif^ured  ;  say  iu  the  nt  ij^^hhourlifimi  of  the  Fraiuihofcr  hm*^,  E 
and  F  respeetively.  If  in  any  one  j^pin  jjnen  of  u<>rmal  nriiir  th<'  ^ihsorjitiou 
near  F  i.**  found  to  he  twice  as  great  ns  that  near  1%  tlu-n  if  the  urine  <  oiiUunrd 
but  one  pigment,  this  wuue  ratio  wonbl  bf  fnttrid  in  any  other  s]»e<  iuien.  Tlie 
al>sorption  at  F  would  in  all  i'a,<es  ln^  4unhle  that  at  E.  For,  clearly,  the 
rljJution  <jf  an  iudiviilual  pi^'iniMit  wuuUl  dreri-Jisr-  the  (th-ttiinff  ahsorpti<ai 
dirongliout  the  speetnun,  but  vvnnlrl  h  ave  thf  fhtfirf  ahsiUption  at  any  twu 
iwiiit^  unatrected  ;  Himilarly,  eonrentratiou  wiaild  inenusi-  tin*  alisulut^s  but 
would  nowhere  alfect  the  relativoj  ahsnrjaiou.  iJut  ililb'rejit  sperimens  of 
normal  urine  ilo  not  agree  in  this  way.  iJne  urine  may  wlrnw  more  relative 
absorption  (nay)  in  the  inid-;;reen,  an<»ther  more  in  the  hhir,  Tbi?^  <'an  nnly  be 
due  to  the  faet  tbut  nuae  than  nin-  ]ii*rnn*nt  is  eniH-i-rned."^  Altleat^'b  it  yields 
no  definite  Wads,  the  s]ief'troKrn|»ir  janpi^rlii^H  uf  frrsb  normal  yrllnw  mine 
thur^  in<hc^ite  some  pomplexity  in  its  ia;;nH'nt^alion  ;  but  tb*'  sauu-  ex]*enmental 
evidence  indicates  iieveitheless  that  ntj  mme  than  **iu'  ja;^'ment  is  usnally 
present  iu  a  relatively  large  aim  am  t. 

^  Uy  tli«  U9S,  liowevi^r,  uf  LuvilMaMFi  tiutoiia  tii\  tlu  col^mr  of  mhw  nwhv  varying 
eircaiuiitanoes  may  be  very  t'xactly  iiiiiiatFil,  and  cxrreHHiid  ui  tirins  of  u  scjilc, 

*  See  this  textbook,  artklo  '*  Hw.'Tno^lt)bin/'  ]k  ^13. 

•^  This  argument  only  liolds  for  <'Dlcmiin;4  ni.Ut"T.4  wbii  li  do  imi  niidLii^o  iIRHucintion  in 
solution. 
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The  piguieuts  of  the  urine  have  long  received  attention  and  have 
been  the  subject  of  many  laborious  researches  ;  but,  owing  to  the  great 
difficulties  they  present  to  the  investigator,  our  knowledge  of  the 
chemistry  of  most  of  them  has  remained  indefinite.  Tliese  difficulties 
arise  from  \'arious  causes.  Pigment  metabolism  appears  to  be  always 
of  a  higlily  consenative  nature.  The  colouring  matters  found  in  the 
epidermal  structures  of  animals,  serving  for  ornament,  protection,  or 
other  purjMjses,  are  almost  always  present  in  strikingly  small  quantity : 
and  those  which  are  purely  excretory  leave  the  body  in  equally  small 
proportionate  amount. 

Tlie  higlily  developed  optical  activity  of  these  substances,  which  has 
led  U8  to  group  them  together  in  a  special  class  as  *'  pigments,"  at  the 
same  time  gives  to  them  a  prominence  in  various  phenomena,  dispro- 
portionate to  the  actual  quantity  in  which  they  are  present.  The 
urinary  pigments  are  (at  least,  under  normal  conditions)  quite  ininut<? 
in  amount,  and  this  fact  is  the  primary  difficulty  in  the  path  of  chemical 
investigation.  As  Bunge  has  written,  many  endeavours  have  resulted 
merely  in  applying  Greek  and  Latin  names  to  substances  which  have 
been  obtained  in  quantity  too  small  for  proper  investigation. 

The  extremely  delicate  indications  of  the  spectroscope  have  been  of 
the  greatest  assistance  in  overcoming  this  fundamental  difficulty,  and 
our  knowledge  of  pigments  has  been  much  extended  by  its  use.  But 
evidence  so  gained  has  to  be  checked  and  assisted  by  other  methods.  A 
complex  spectrum  may  indicate  a  mixture  of  substances ;  but  it  may, 
with  e([ual  ])robability,  be  due  to  one  alone.  A  mixture,  on  the  con- 
trary, may  show  l)ut  a  single  abs(n'ption-band,  for  the  reason  that  of  the 
pigments  present  one  alone  extinguishes  light  in  a  specific  region. 

It  is  theiefoie  easy,  ]jy  a  mere  qualitative  use  of  the  spectroscope, 
to  mistake  a  mixture  for  a  chemical  individual.  On  the  other  hanil, 
very  slight  variations  in  the  physical  condition  of  a  pigment,  or  a 
minute  clian<j:c  in  its  molecular  constitution,  may  produce  a  gre^it 
ctlcct  u])on  its  sj)cctrum,  and,  uidess  we  are  aware  of  these  conditions, 
we  may  be  led  to  see  wide  <lillerences  where  chemically  there  is  little  or 
none. 

When,  a^ain,  endeavours  ai"e  made  to  isolate  pigments  by  chemical 
means,  the  mval  instability  which  they  exhibit  as  a  class  is  apt  to  lead 
to  error.  So  often  has  this  danger  l>een  overlooked,  that  we  are 
conijK'lled  to  attach  no  im])ortance,  beyond  what  accrues  from  historic 
inteiest,  to  niuch  of  the  woik  which  has  been  done  on  this  ])robleni. 

It  is  of  ])rinie  iin])ortance,  when  we  endeavour  to  obtain  these 
unstable  siibslances  in  their  integrity,  that  the  use  of  highly  active 
reagents  should  be  avoided. 

We  sliall  deal  only  with  the  pigments  of  which  we  liave  (M.)mi>aral- 
ively  accuiate  knowh*dg(* :  l)ut  it  maybe  safely  asserted  that  the  four 
substances  now  to  be  described  foini  thi'  basis  of  urinary  chromatohvL^\ . 
These  are  n rurji ronK  ,  tfrnhi/i/i,  /' /'(jrrt/f/t  ri /i,  iiud  ]i(f  inatojujrpJiffrln.  ()tlH'r 
l)iLrnients  exist,  and  some  ha\e  douljtless  yet  to  bi?  recognised,  biit  thev 
are  exceptional,  oi-  take  ])ut  very  small  share  in  the  coloration  of  tlu' 
mine. 

Preformed  pigments  of  normal  urine— (a)  The  essential  yellow 
pigment,  urochrome.  —  In  1  Si)4,Thndichuni  i^ave  the  nameof  urochrome 
to  preparations  olttained  from  n»>rnial  urine  by  coni])licated  processes  nf 
extiaetion.     Tbudiclium's  products  undoubtedly  contained  a   large   ])ro- 
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fjurtion  of  the  substance  we  are  now  tu  describe,  but  they  were  mixed 
with  nrohilin  and  with  decrnnpcisition  jjrochicts. 

To  A.  E.  Guinxl  *  wo  owe  a  piocei-s  fur  the  extmction  of  the  essential 
yellow  colouring  matter,  wiiich  is  lieyond  repruarh  in  itH  avoidance  of 
destructive  reagents.  It  yields  a  prodiR-t  entitled  to  he  euiiHidered,  with 
jikrge  ik'gree  of  prohalnlity,  ay  a  elieinical  individual. 

Folluwiug  Garrud,  we  slmll  describe  thit^  pigment  uudt'r  the  name  of 
urochrom^i — a  name  eminently  fitted  for  a  suh.stauce  whieh  i«  the  prime 
cause  of  the  familiar  colour  ^^f  urine,  but  in  the  use  uf  which  we  nnist 
avoid  historital  confusion. 

Between  the  urni chrome  uf  (larrod  and  that  described  thirty  yciirB 
earlier  tliere  iy  the  ditVereuce  between  ]»resnnii)tivu  chenncal  individual- 
ity and  aLmost  certain  admixture.  It  shovdd  be  stated,  however*  tliat 
Thudichum  still  holds  the  pigment  described  Ity  him  to  be  a  dehnite 
suO.stunce,  and  has  rt*cent1y  investigated  certain  *tf  its  reaetious,  which  he 
believefci  mdicate  for  it  the  combinetl  characters  of  iiu  alcnhtd  :Hid  a  base. 

Separation  0/  firorhrome  (GurnHl). — Tin'  luiiii'  in  saturrilnl  with  riy^tals 
of  ammonium  e:uli<hi4to^and,  idUr  ahaitUw^,  is  lilUri-d  iriJr  iitjra^  *'Si'iiJtratinii  i>f 
Urobilin").  Thu  Rltrute,  whirh  is  still  :dmost  a.-^  liighly  rfiloiiri'd  as  tlit-  original 
uriue,  is  shukeu  with  alrohu].  The  laltrr  snjvfiit  s(»jijuatf's  rapidly  fomi  the 
sthne  mixture,  an<l  is  seen  to  wilhtlniw  a  Itirgo  phi|Mn1inii  of  thr*  lolrauing 
mwtt-er.  Repi,^at<^«l  i-xtrjutinii  reninves  ]ira('timlly  ah.  TIip  al«'«*hoJii'  Molutinu 
is  diluted  with  :i  largt-  bulk  i>f  wattTj  and  thr  uiixtun'  again  saturated  with 
ammoniinu  Mulpliatc  ;  by  this  jirfiecdun'  the  al<  (dud  is  again  iiiadi*  t«*  st'tJiUtitf 
from  the  wati^r,  Ciirrying  the  pij^iu^nt  with  it»  auil  a  satisfat'tory  washing  of 
the  urighial  extract  is  secured.  ThiR  scfiond  alcoh^Iif*  Ndution  is  imw  made 
ja»t  alkahue  with  ammnnia,  and  i'va|Kn-atL^d  tu  drvin^ss  ;  ihti  residue  is 
extracted  om-v:  or  twice  with  ai'eti<!  etln^r,  wliiidi  ii'nn>ve.s  <  ltI^oii  inijiuiitiot?, 
and  is  again  dissidved  iu  str*>iij^  ah-idnd.  Stuinnvliat  [^^^►iiged  di^'estiau  is 
necessary  at  this  stage,  a^  the  suhdjility  in  almhul  is  dinueased  wlieii  the 
pigment  has  «»uee  beea  t^iktui  to  drvin'ss.  Finally,  the  aleolud  is  (■'}nevntralfil 
till  it  \\i\s-  a  tleep  oran^'c  rvdour,  and  is  pKureri  into  at  least  an  equal  vnhinie  of 
edier,  wdif*n  tm  amorphous  brown  prr»  ipitate  falls,  ronsistin<^'  of  the  ^Tcatcr 
portion  of  the  jiipneot  ]>resent,  in  ahnnst  jture  euitdition.  The  preei[dtjite 
may  be  filtered  off,  dried  on  the  pajK-r,  and  wasliud  with  a  litth*  ddori>forni 
and  abwjlnte  alcohol.- 

Proptrllr,^, — The  Kubj^tunce  ho  )ireparrd  is  a  hy unoseoidc,  lnuwii, 
amorphou.s  .substance,  easily  siphddc  iu  water,  mm-b  loss  soluble  in 
alcohol:  only  slightly  srdulde  in  atolir  etli<'r,  amyl  alcohul,  in  a(otr>ne ; 
and  iiiH<dyble  in  chloroform,  idlior,  ami  Ijcn/cne.  lis  solutions  show  no 
definite  ^]ieetroscojdc  absor]>t ion  braids,  even  after  ibe  -oldition  of  acidw. 
Zinc  chloride  and  ammonia  |uiKhicc  no  Ihiorcseiuioe.  Alkidies  |j[i\c  tlie 
solution  a  hrowuisfi  tint,  afdds  u  reddish  laown.  Tho  pigment  forms 
insolulde  comjiounds  with  the  Iieiivy  mettds,  and  is  ]avcipitated  by 
phospliotungstie  and  phosythoniolybdie  uciils.  With  strong  nitric  acid 
it  undergoes  a  colour  cliangc  resembling  iiji'  xantbo-protidc  reaction. 

Urocbronie  we  liave  seen  to  he  a  ]MgnRiit  which  caji  be  renrovetl 
from  tlie  urine  witljout  the  use  of  stufug  TVJigeuts,  an<l  in  the  rennivnl 
<tf  which  theriuid  loses  nearly  all  its  ndom,    ^Vt  the  same  lime,  itsai[Ueous 

^  Proc.  R&}(.  Sot\  Lmuion,  ]81>4j  vc>l.  Iv.  ]».  ;iOr 

'See  also  Kramm,  iUitfgfh*'  vte^K  frckuschr.^  Lv\[t/A^  Isimj,  \hL  wii.  S,  '!'>  jiml  42.  Tina 
author  aeparates  t\w  japuMit  liy  an  cutinly  diltcniit  iin  llio<l,  IIo  cuiifniafi  (iarrod's 
orij^un]  ncooimt  of  iU  piopei  tit^:^. 
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solutions  liavtj  «  it  like  thut  uf  ui'iim  it^*e!f,  hikI,  like  noiiiial  urine, 
show  no  ab8c,irptiou-r>aiids.  Tliere  ran  Ite  no  doubtj  tlieiefnrf?,  tliat  it  is 
the  essential  canse  of  uoriual  urinary  coloratinii, 

PhydoUHjiail  nl  Hohs.—V wtW  liuite  recently,  we  had  no  knowledgt* 
of  the  cheuiiral  rein  ionship,  nr  of  the  met*iholit*  jireuurKors  of  tliLs  im- 
portant 1 4 ly s  i u  1  og ici?  pigiucn t.  B  ii t  K i  va  *  and  Chi  od c ra  '^  1  m v u  obta  i  n eil . 
by  the  action  of  \  tassium  pernmnganate  \\\y(m  eolutious  of  ur«>hUin, 
a  substiince  which  t  ey  believe  to  bo  identical  with  urnchri>me.  A.  E- 
Garrod^^  has  added  Btill  more  concluHive  e\idence  fnr  the  exist*;nce 
of  a  8imj>lc  relation  lietween  thia  pigment  and  umbiiin^  by  olitiemng 
that  akuhulie  aohitiun^  of  puie  moclironie,  when  treated  with  aldehyde 
(which  wc  may  believe  acts  as  a  mild  reducing  agent),  yields  a  pipoent 
showing  the  speetrnni  ami  all  the  more  cliaracteristJc  jiropertii^s  of 
urobilin.  The  e.Htablishnumt  of  tliif^  relation  i>^  nioat  ini]»ortani  in 
bringing  oav  knowled^ji'  of  physiologiejil  ])igmenly  into  Une»  sinc^.  as 
will  be  slunvn  innnerlialely,  the  derivation  of  uroi>ilin  from  hlocxi  and 
bile  pigment8  in  clearly  c^tablisheiL  Wc  can  now  aBcril>e  a  similar 
origin  to  the  fmidamental  colouring  matter  of  urine, 

(b)  Urobilin. — ^In  1808,  Jail i\*  a^  an  outconie  of  a  nim:Xv%m^M]m 
study  of  tlie  uriut%  discovered  a  piguieiit  witli  well-eliaraeteritieil  pro- 
pertieSj  to  wliieli  he  gave  the  name  of  arohihn. 

This  pigment  is  perhaps  s^carcely  entitlev!  to  l)e  clamitieil  among 
the  preformed  pigments  of  normal  urine,  fijr  it  m  present  as  a  rule  in 
minimal  amount  and  ulmont  always  in  the  form  of  a  chromogoa.  But  on 
rare  occasiians  the  fn-s^  [^igim  nt  \^  fouiid  in  the  fresh  urine  fsf  normal 
iniUviduals,  and,  moreover,  the  importance  of  urobilin  in  other  respects 
makes  it  necessary  to  give  it  a  prominent  place  in  this  section.  It  was 
tlie  first  physiological  urinary  pigment  of  which  we  had  accurate  know- 
ledge from  the  point  of  view  of  genesis  and  metabolic  history.  Its 
increase  in  disease  is  a  familiar  phenomenon.  These  facts  and  ite  well- 
marked  spectroscopic  characters  have  made  it  predominant  in  the 
literature  of  urinary  pigments.  Even  at  the  present  time  it  is  some- 
times desci'ibed  as  the  essential  colouring  matter  of  urine,  an  eri'or 
wliicli  is  at  once  demonstrated  if  the  spectroscopic  indications  of  normal 
urine  and  of  weak  solutions  of  pure  urobilin  are  com^mred. 

SejKiration. — When  zinc  chloride  and  annnonia  are  added  to  urine  in  due 
]>n)l)(»itioii,  a  precipitate  i^>  obtained  (cf.  "  Separation  of  Creatinin," p.  599),  which 
coiituins  iiiucli  of  the  urobilin  present.  This  aiethod  of  precipitation  was  use<l 
by  Jalb',  and  from  the  ziuc  precipitate  he  succeeded  in  extracting  the  pigment 
in  a  reniarkal)ly  |nn'e  condition,  but  in  small  quantity,  and  by  a  somewhat 
com  plicated  j»roce(liu*e. 

^Ichii ''  later  showed  tliat  saturation  of  the  urine  with  ammonium  sulphate*, 
after  acidification  with  weak  sulphuric  acid,  produced  a  complete  precipitation 
of  this  ]»i;4iiicnt.  The  precipiUite  thus  i)roduced,  which  mainly  consists  of 
pi^Miiented  urates,  will  yield  to  acid  alcohol  a  solution,  in  which  the  character- 
istic absorption-band  of  acid  urobilin,  to  l)e  later  described,  is  easily  seen. 
Even  when  normal  urine;  has  been  employed,  tlie  six'ctrum  may  be  olxserved 
after  this  procedure,  for  the  bandless  chromogen  is  decomposed  by  the  aci<l 

'  (hnz.  moL  ill  T'rrino,  1896,  vol.  xlvii.  Xo.  12. 
-  Arrh.  ihiL  di  I'lin.  med.,  Milan,  1896,  vol.  xxxv.  p.  505. 
'•^Journ.  Physiol.,  Cambridge  and  London,  1897,  vol.  xxi.  p.  190. 

■*  Cenfralhl.  /*.  d.  mcd.  Wisscnsc/t.,  lierlin,  1868,  Bd.  vi.  8.  243  ;  FircJww's  Archiv,  1869, 
Bd.  xlvii.  S.   105. 

'-'Bull.  Aciid.  de  nu'd.,  Paris,  1878,  tome  vii.  p.  671. 
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employed.  When  a  urine  rich  in  urobilin  i.s  siituiiited  Avith  aiiimoniiim 
sulphate  (he^^t  aft^r  pn-vitius  remuval  of  thp  iimtes  liy  iiri^liniinarv  Haturation 
w\i\v  diiuritle  of  aiimiotiium)^  aiiil  addiiied  with  Hul[»iiiiric  ;iri<l,  it  will  yield 
tlie  pigment  when  shaken  with  a  nuxturc  nf  ether  and  clitornfouu.  From  this 
org;inic  ^olvi-nt  distilled  water  will  a^^ain  remove  all  tljt*  nnihilin,  ajid  fntni 
the  water  it  may  he  i>reei]iitate(l  hy  the  further  une  of  aniinoiiinm  tsulplmte. 
A  methcMl  of  fieparatitm  may  W  bailed  upon  lhe>ie  facts  wlurh  will  yit'ld  u 
very  pure  product  in  Ciimimrntively  large  aniountJ 

Propertiea. —  Uruhilin  is  nil  oxtreoiely  sohitile  suhstuiiee,  diisFrd\iiif^ 
freely  in  all  ordinary  wulvents.  It  is,  however,  i^rnpoitionatoly  h"ss 
soluble  in  wnter  thnu  i^  nnHhrome,  tbnnnrb  nnich  niun*  n^udily  Bohible 
than  the  latter  in  alcohol  and  oiin*r  or-^'anie  liipiidH.  Its  j^nlutiiniH,  wlieii 
coiice!  lira  ted,  have  a  brown  eohdir;  when  nuaxr  dilute  they  are  yellow  ; 
(tn  threat  4lilutif*n  they  exhibit  a  hij^ldy  ehnnieteristie  ehaiio^*  to  a  dull 
pink  eolour. 

An  alcoholic  solution  oi'  the  pure  ] pigment  free  from  extraneous  aeid 
or  alkali  exhibits  a  green  tluoresecsnee  ([uite  apart  from  tb*^  adtlitioii  ivt 
reagents.  When,  heiwever,  ziiu*  ebloride  and  ammonia  ant  adtled,  a 
greatly  increaned  tluoreacenre  is  prrwlueed.  This  striking  leaetion  is  of 
much  value  in  the  iilentitientiou  i»f  urobilin:  it  maybe  obtained  after 
fjreiit  dilution. 

Solutions  of  ur«ibilin  exhiJ>it  very  ilefiuite  spfr/f^iscujiit:  phruttm*  na. 
In  clear  aeid  seilutions  of  moderate  strength,  a  single  absorption-band  is 
seen  between  the  FiauubolVr  lini's  h  and  F,  slightly  overlap] >ing  tbe 
latter;  situate,  therefore,  at  tbf*  juiittittn  of  tbe  green  and  blue  of  tbe 
apectnuu  (Fig.  Tu,  Sj^ectrum  4),  In  highly  eoneentrated  srdutioii  this  [^aml 
is  lost  ill  a  general  absorptinn  tif  tbe  niorc  refrangible  rays.  i)\\  diluting 
such  a  concentrated  solution  a  broail  baud  lirst  apjtrars  witli  a  region  tsf 
complete  bkekness  towards  red,  and  a  dark  sltiidiii;;  towiuds  ^  iolet.  As 
dilution  proeee<ls  the  shading  first  disap]»oars,  auil  then  the  ilark  portion 
<if  the  band  shrinks  till  its  liiidts  extoint  from  about  >.  ollS  in  >,  4^0. 
After  thi»  the  width  of  tbe  band  is  coiLstaiit.  until  with  very  large 
iJiliition  it  gnnvH  faint  and  ultimately  disappears  (Fig.  o7,  S]>ectruin  n). 
Tlie  activity  of  tlie  pigment  in  absorbing  light  in  this  region  is  enorninns, 
and  a  solution  so  liilnte  as  to  have  a  v<!ry  faint  eolour  imlet^d,  will  show 
a  well-iiiarked  band.  An  abscuptiou-band  of  an  intensity  such  as  is 
occasionally  seen  in  normal  urine,  would  eorn-sjaontl  to  thai  of  an 
almost  colourless  sulutiou  of  the  ]inre  substauee. 

Urobilin,  like  most  aidinal  pigments,  shows  aeidie  Ifudencies,  and 
forms  compounds  witli  bases,  being  HlK-ratod  from  these  cmnbi nations 
on  the  a<hlitiou  uf  an  acid. 

If  ammonia  be  added  to  a  solution  of  thi^  free  pigment,  the  enlmir 
changes  to  a  canary-yellow,  and  nrrless  the  solution  he  very  strong  the 
absorption -baud  tii.sa]>pears,  Tlie  sndinur  and  ]n>tassinni  eomponmls 
have  a  eolour  in  srtlutiou  umre  like  that  of  tfie  free  pigment,  and  show 
an  analogoiLH  bantl,  which  is  situate,  however,  souiewbiit  nearer  lla*  red. 
The  zinc  compound  in  aminouiaeal  s<ilidion  llninisees,  as  we  have 
already  stated,  and  shows  with  the  speetroscojje  a  bnml  almost  identital 
with  tliat  of  the  potassium  ami  si«iliuni  i  iaji]>mmds.  Tin-  ealcinm  com- 
pound is  yellow  in  solution  and  shows  no  l>and.  Mereurv  birms  a  pink 
comp<jnnd,  with  a  l>and  nenrer  to  tin-  red  than  any  of  tlujse  jtrevifmsly 
referred  to.     A  solution  of  merenrie  ebloride  will  develo]»  u  pink  eiphuir 

'  fTaiTo*!  urid  HMjtkias,  ,hmrn.  J'fttjsii/l.,  raniUrkl^i' ainl  htimiuu^  Iftt+C,  vol.  xx.  p*  120. 
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when  ap]ilied  U         xm  Htaiiic^d  with  urobiliTij  ami  may  thus  be  usetl  as 
a  test  for  such  ftbuii    ug  (Adolf  Sehmidt), 

When  to  a  coDCimtrated  sokition  of  nearly  jmre  urubjliu  in  sodic  or 
potassic  liydnite,  si  Rcient  sulphuric  or  hytlnjehloriL*  acid  m  added  to 
render  the  Liquid  fa  itly  acid,  a  slight  turbidity  is  obi?erved,  due  to  the 
liberation  of  the  fre  pigment  from  its  more  soluble  alkaline  comhittatiMU,  - 
If  the  turJiid  liipiid  m  examined  with  the  spectroscQi)e»  there  is  »i?eii,  in  I 
addition  to  tiu^  lud  lary  ai'id  Imml  between  h  aud  F,  a  Bharply-detined 
narrowband  in  th  green,  enelosirm,  and  \iemg  ahuost  bisect-ed  hy  the 
Fraunhof  er  line  E  (F  r;.  57,  Spectrum  6).  Thi«  extra  baud  is  most  prolMhIy 
due  to  the  .^pticial  light  al  tf^orptiriu  exercised  by  the  impalfnibie  pirticles  of 
soUd  urobilin  in  HusponsioiL  It  wholly  disappears  when  the  precipitate 
is  filtered  oil,  or  when  it  is  redissolved,  the  ordinary  l.iand  alone  being 
then  visil  ile.^ 

Solid  uroliilin  is  an  amoqilious  red-louwu  substance,  which,  wbt-n 
isolated  aud  ilry,  uiay  l*e  kept  without  dceoni  posit  ion.  It  is  not 
deliquesci'ut,  but  iwm^  at  comparatively  low  teroperatures,  afterwjmU 
solidifying  to  a  brittle  transparent  sj^liellac-Uke  form.  It  has  a  Klight 
but  peculiar  aud  characteristic  odour. 

Physii^hiificnl  relatwiu'^, — Ihimiry  urobilin  is  identical  with  the  rtnef 
pigment  nf  f:ires  (stercoliilin).  Si^icrtain  is  the  iilentity  of  tbBse  two 
substances,  iluit  it  in  imdessirable  to  reUiin  nepamte  nnmcH  for  thera. 

Urobilin  m  closely  related  to  the  pigments  of  the  l>ik\  This  was 
from  the  first  [(icot^nised  by  JiiHV- ;  mid  sbnrlly  after  tJie  discovery  nf 
the  pigment,  Maly  prepared  a  substance  (hydrobilirubin)  by  the 
reduction  of  bilirubin  with  sodium  amalgam,  which  he  held  to  be 
identical  with  urobilin.  That  the  urinary  pigment  is  a  reduction  pro- 
duct of  bilirubin  is  likely,  but  it  is  probable  that  hydrobiUrubin,  as 
descril)ed  by  Maly,  represents  an  intermediate  stage  in  the  reduction. 
It  differs  at  any  rate  somewhat  from  urobihn  as  it  occurs  naturally. 

Urobilin  is  formed,  however,  when  bile  decomposes  out  of  contact 
with  the  air,  and  it  may  be  extracted  from  tlie  bile  removed  post- 
mortem from  the  gall  bladder. 

Several  o])servers  have  shown  that  intestinal  micro-organisms  can 
effect  the  reduction  of  bilirubin  to  urobilin. 

This  ])igin('iit,  or  substances  closely  allied  to  it,  can  be  prepared  direct  from 
lijcinogloltiii  (loriv.'itives — hsematiii  and  hfematoporphyrin — by  reduction  pro- 
cesses. It  liiis  heen  silted  that  oxidation  is  also  capable  of  yielding  urobilin 
from  bile  and  Ijlood  pigments  respectively,  but  it  is  not  conceivable  that 
both  reduction  and  oxidation  could  lead  to  the  wnne  cliemical  result,  and  there 
is  in  this  matter  an  anomaly  which  requires  explanation.  It  must  not  be 
forgotten  tliat  peroxides  (peroxide  of  hydrogen  and  peroxide  of  lead,  have 
Ix'en  (Mnj»loyod  in  this  c.(mnection)  may  in  a  sense  act  as  reducing  agents,  free 
oxygen  hcing  given  ot!"  hy  the  interaction  of  the  peroxide  and  any  easily 
reducible  compound   with  which  it  is  brought  in  contjict. 

Urinary  uro])ilin  has  not  yet  been  analysed.  If  the  formula  of 
hydrobilirubin  be  compared  with  those  of  the  related  i)igments,  it  will 
be  seen  that  both  reduction  and  hydration  probably  occur  in  its 
formation. 

HcTuiatin         .         .         .     C3,,lI,oN,04Fe 
Biliruhin         .         .         .     C.^.,Hig^^40^. 
Hydrobilirubin        .         .     C'.f.H^oN40- 
■  Garrod  aiul  IIoi>kiiw,  Journ.  ]*hysioi.,  Cambridge  and  LKjndon,  1896,  vol.  xx.  p.  125. 
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The  change  from  bilirubin  in  hydrf)bilinibin  iiiiiy  be  tbim  ex- 
pressed— 

If  urobilin  differs  from  hydrobilirubin,  tlie  ditferene.e  m  jiossibly, 
as  already  stated,  in  the  clirectinn  of  increased  rednrtioiL 

The  oriffln  nt  urinary  urobilin  is  ])rnb:ibly  thn*effdtl — fiuia  absrup- 
tion  of  the  ready-fonned  )iignient  in  the  bttwel;  fnun  direct  prfKbietion 
in  the  liver;  ant!,  lastly,  fruin  reduetion  of  the  Iduud  jti^^rnent  in  the 
orgaiia,  independently  of  liepatic  ageney. 

Of  the  precise  nature  of  tbe  f'hrumthjf'n  of  uridiibn  we  have  iicj 
knowledj^e.  It  in  ]ireeipitated  intaeL  wlieii  normal  urine  is  wntnrated 
w^itb  aniuioniiini  .nulpbate  in  tbe  ulisenee  of  mil  tend  acid.^  It  is  possible 
that  o?cidatif»n  nuiy  deeomi>ose  it,  aH  sonu:^  urines  originally  nliovving 
iiD  absor]ition-band  will  develop  such  mi  standing.  This  iibenomennn 
might  fi»llow,  however*  from  the  deeom  position  during  stain  ling  of 
some  eompuin<l  of  the  pigment  witli  linn*  or  otfu'r  luise, 

(c)  Uroerythrin, — This  pigment  ix  be^^t  known  as  the  folonring 
matter  of  pink  urate  deposits.  It  is  a  snbstaTiee  nf  tlie  greatest  iutiTest^ 
but  one  whieh  has  proved,  from  its  uiarknl  instability,  elusive  and 
difficult  of  investigation. 

It  was  first  dealt  with  as  far  hack  as  ISOO,  l>y  bmis  Pi  oust, 
niider  the  name  of  udflc  romrhpie.  Its  presetit  unnu*  was  assigned 
t<j  it  by  F.Simon  in  1850 — tbe  term  *' pin]>urin/'  earlier  |troposed  hy 
Golding  Bird,  being  still  souretimes  used.  Hellt*r  published  au  aeeount 
of  the  pigment  in  1854,  and  Macumnn  first  arf-umtely  described  its 
spectrum  in  1H8:I.  Very  imiinrtant  emilributiona  to  onr  knowledge  of 
uroerythrin  have  reeently  Imtu  mside  l»y  Kiva,  Zoja,  and  A.  K  Garrod.^ 

The  quantity  of  tbe  ]iignnnit  excreteil  is,  under  any  eirenmstaucea, 
very  small;  but  its  tinctorial  power  is  extrenndy  high,  and  when  in 
wibition  it  may  materially  contribute  tu  the  eulorahUn  nf  ibr  urine. 
It  is  certainty  to  he  looked  u]ion  as  a  jui^iiit^'iit.  of  normal  nrint*,  as 
urates  coloured  by  it  frequently  separate  from  the  excretion  nf  persons 
in  health. 

Separafioru — A  f[Uftntity  of  f»iiik  unite  di?|*nsit  in  rullpitcil  u|h>u  a  filter, 
waJiheil  with  ice-f^uht  water,  dri<.'il,  tun  I  suakeil  in  ;ili.Multne  idroliol.  The 
ilcobol,  tbonj^h  a  anlvout  for  un^erythrin,  dor.s  u«it  extract  it  fnun  the  urates. 
Tbe  »pirit  is  jKuned  t^tf*  anil  the  prKnuitJitf  dissolveil  in  warm  wat(*r;  htm\  the 
aqiieuud  jrM>luti<in  «<>  obUiiucd  the  ]>ipncnt  is  easily  and  roinph^ely  extnicted  I13' 
shaking  with  arnylic  aIrnUi>l  (liiva).  nrun'd  hnj^  slinwii  thiit  if  tin-  pink  urates 
are  first  dissulved  in  wnrni  wattTj  and  nn*  then  repreripitntnl  liy  .salnnitti^n 
with  ammonium  chloricic,  the  iiiguient  iM  eanie^l  iiown  with  thfiii  afresl^  and 
in  such  a  comlitiou  tliat  it  may  now  In-  extrarted  willi  alenlmL  An  alcohi>]ie 
solution^  if  diluted  with  wnter,  nmy  1h*  washed  by  sliakin^^  with  neutral 
chlo^>ftJrJlI,  which  renupves  iin|nirities  Inil  u<»  uriXTythrin.  Kut  if  nfter  this 
pn^liniinary  washing  a  frei^h  KUfqily  of  ehti^nvf<irin  is  ndd<d,  tugrther  with  a 
single  drop  of  acetic  acid,  mi  sliakin^,',  the  i»i^4iijent  is  now  fnmel  tn  he  tnmsferred 
completely  to  the  chlomfnrni  as  an  ellect  of  ihe  aeiilifiratain  of  tin*  liquid. 

Projtcrtk^i. — The  most  strikinj^^  properties  e>f  uroerythrin  are — ( 1)  Its 
remarkable  athuity  for  urie  aeid  eompounds:  (2)  tiie  e^iiie  witli  whieh 

'  Eicboh,  J&ttm.  Phydd.,  Caiiibnil^.'  nia]  Loudon,  vol.  xi\%  ]k  32(3. 
^Journ.  Phf/.naL^  CamhTh\fiv  and  Lowlmi^  I'l^'JTf,  \<il.  xviL  |l  i'id.      F\t]\   reft  rentes  to 
the  Uu-raturo  will  here  he  fouiirl. 
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its  solutions  are  decolorised  by  light;  and  (3)  its  cnlonr  reaotinns 
with  tilt*  (taiistic  alkalies  and  mineral  acids.  The  jugnient  iiivariahly 
asscMJatt.'s  itstjlf  with  urates  during  their  precipitation;  either  wiien  tht-v 
separate  naturally  from  a  urine  containing  it,  (»r  when  they  are  arti- 
ficially adde«l  to  its  pure  solutions,  and  are  alluwx»d  afterwards  to  sejiaratc. 
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litllr  iiilriir.i".  aiiil  llic  pimiiciil  is  also  snliiMc  in  alcnlinl.  chlni'ofni-ni.  ai!«l 


H.^MA  TOPORPHYRIN.  625 

utef.  The  solutions  have  a  rich  orauge  colour ;  ouly  wlien  very  fltlute 
and  quite  free  from  iuijmrity  do  fchey  exhibit  a  ]>mk  tint.  All  solutions 
d  the  {jiguient  are  decolorised  on  exiH»,sure  In  liglit,  even  to  sultdned 
ikylight.  *)n  the  other  hiiod,  ligfit  has  little  etleet  upon  the  i>nlid 
pigment,  and  none  at  nil  upnu  pink  urate  wcdinjcnts, 

Wlieu  sulid  uroerytlirin  is  treated  witli  sulutiuns  of  the  auistic 
alkalies,  a  reniarkahle  green  coloration  is  prtKluced  (Tliudichuni).  Green 
<lerivativ*es  from  animal  pigments  are  so  uncommon  that  the  reaction  is 
iiighly  characteristic.  It  can  l)e  well  seen  wlien  a  Hltlc  pink  urate 
deposit  is  collected  upon  a  filter,  dried,  ami  then  touched  with  a  drop  of 
sodiiim-hydrate  soliitioQ.  If  a  solution  *if  the  pigment  he  treated  wiili  the 
same  reagent,  a  rapid  play  of  colours  may  frequently  be  seen,  Trnm  pink, 
llirough  purple  and  blue,  to  grass-greeu.  With  acids,  colnur-reactiona 
also  occur,  hut  they  are  somewhat  less  certain,  huiug  dependent  upon 
exact  conditions  of  experiment.  If  to  a  solutiun  of  the  pigment 
sulphuric  acid  be  added,  the  deep  orange  enlnur  changes  t<»  a  brilliant 
carmine.  Hydrochloric  acid  ]»rodiices  a  njse-^iiidv,  phnHpiinric  acid  a 
sabnon*pink. 

Examiiied  spectroscopically,  a  sulutiun  of  urttcrytbriu,  at  a  suitable 
degi'ee  of  dihiti<ni,  shows  two  somewhat  ill-defined  alisorpti^m-bantls 
tmit«d  by  a  siiading  of  less  intensity  (Macmunn).  The  more  red-ward  of 
these  is  seen  in  the  green  lietween  tlie  lines  ])  and  E,  and  nearer  tbe 
latter;  the  other  closely  agrees  in  ]HJsitinn  with  tlie  urditiary  urobilin 
liaud  at  F  (Fig.  57,  Spcctum  7).  I'ink  urate  sedimrnts  an<l  llie  carmine 
derivative  prwlnced  by  Hulphuric  aeid  agree  in  giving  a  single  banded 
fcipc*ctnim,  namely,  a  brnail  band  extending  from  the  I>  line  towards  viulet. 

(d)  Hsematoporphyrin,^ — In  1881,  Neusser^  and  Mat  nnnni-  ubserved 
the  occurrence  in  urine  of  jiigmcuts  closely  related  to  lui-mati -porphyrin. 
During  the  following  decnde  the  work  of  le  Nv^bcl,  Stockvis,  Salkowski, 
Haomiarsten,  tJopemau,  ami  others  exlendeil  this  diseovery.  and  it 
t>ecame  established  that  luematoi^urphyrin  itsfdf  is  a  eonstiluent  of 
certain  pathologie-iU  urines.  in  lHf)2,  A.  li  (burod"'  showc<i  tbat  it 
is  also  to  he  fianul  in  normal  urine. 

In  health  the  jiignujjrt  is  excreted  iu  vt-ry  small  ahHJunt,  and  can 
scarcely  he  said  to  function  as  an  active  colouring  niJitter  of  the  urine; 
hut  it  is  of  the  highest  interest  to  recognise  that  this  iron-irce  deriva- 
tive of  h^ujatin,  which  in  the  laboratory  is  otdy  ti»  br  ijbtaitUMl  by  the 
iLse  of  strong  reagents,  is  a  normal  pbysiological  product.  In  p^atht)- 
logieal  conditions,  and  especially  after  the  use  of  certiiin  drugs,  it  is 
present  in  greatly  increased  amount. 

l9(^ufiou  fruiu  normal  nrine. — The  unHJiiMl  ri'roiimM'nili'l  by  (lavnMl  ilr^ 
jiends  upon  the  fact  tbat  the  pi^njiMit  is  rjirrit'l  «I<nvn  by  tln'  ]HiH"i]iiUt<'  [»f 
pliosphates  pruduced  ou  the  udilitit>n  t>f  fiastir  jUkali  to  tlu-  miiip.  After 
specml  treatment  of  this  |ireci[pil;(t<^j  ibv  [»i^nui'nt  may  br  <ibtiiiH;tl  in  L-hloinform 
aolution.  The  chlor^iforai  is  inapoiuled,  ari«l  the  ivNiibit'  wa.^lnd  with  u»'Utral 
alcohol  and  dissolve^i  in  acithfit'^i  alcf>ln»b  wliuu  a  solutiun  Is  (sbl-iuiR-ti  nf  pin»^ 
pink  rcilour,  ci^uiparattle  with  .^iihiti«ais  of  tlio  pnreKt  spr^innieus  nf  tb*^.  pij^iupnt 
obtained  froju  bicwd,  and  showing  tln^  NjiecLrutu  of  arid  ha;iivato]M>rphyrin  with 
didtinctness, 

^SUziinffsb.  d.  k,  AkfuL  d.  H'issfni*cft.,  Wieu,  l?!i81,  M.  Ixxxiv.  S,  D3t;, 
'  Proe.  Jimf.  Soe.  LomimK  vol.  xxxi.  ]».  'J06. 

^Joum.  Physiol, f  GinilpriJ^r  ;oi»l  LnjiJoii,  1S92,  vul.  xiii.  p,  ii9S  ;  ihid.,  1894,  vol.  xvH. 
p.  M9. 
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Pathological  urines  rich  in  the  pigment  will  generally  yield  it  easily  to 
acetic  ether  and  to  amylic  alcohol. 

Properties. — An  account  of  the  properties  of  hnematoporphyrin  will 
be  found  in  the  section  devoted  to  blood  pigments ;  but  the  pigment  as 
found  in  the  urine  has  certain  peculiarities  which  must  be  referred  to  here. 

When  the  urine  is  sufiBciently  rich  in  the  pigment  for  the  absorption- 
bands  to  be  visible  without  treatment  (always  a  pathological  condition), 
it  is  found  that  the  bands  observed  are  those  of  the  so-called  alkaline 
hrematoporphyrin  (Fig.  57,  Spectrum  2).  Indeed,  if  a  solution  of  the 
pigment  showing  the  acid  spectrum  (but,  of  course,  free  from  excess  of 
mineral  acid)  be  added  to  urine,  the  bands  are  seen  to  change  to  those 
of  the  alkaliuo  form,  even  though  the  urine  itself  be  of  normal  acidity. 
Acid  sodium  ])hosphate  will,  in  fact,  yield  base  to  the  ha*matoporphyrin, 
unless,  indeed,  the  salt  is  in  great  excess,  when  it  can,  on  the  other 
hand,  convert  the  alkaline  form  of  the  pigment  into  the  acid.  These 
facts  form  an  interesting  commentary  on  what  we  have  said  in  the 
section  devoted  to  the  acidity  of  the  urine,  as  to  the  complex  conditions 
which  govern  the  phenomena  of  chemical  reaction  in  the  fluid. 

Urinary  hit^matoporphyrin  may  be  in  the  form  of  unstable  modi- 
fications. Alkaline  solutions  of  the  pigment  obtained  from  many 
specimens  exhibit  a  five-banded  instead  of  a  four-banded  spectrum 
(Nlacniunn).  Occasionally,  too,  urate  sediments  may  be  pigmented  with 
a  form  of  the  pigment  which,  in  alkaline  or  neutral  solution,  shows  a 
s])eetrum  of  two  l)ands  resembling  that  of  oxyhiemoglobin  (Fig.  57, 
Spectrum  8).  Dilute  mineral  acids,  however,  promj^tly  change  this  spec- 
trum to  that  of  ordinary  acid  hajmatoporphyrin  (Fig.  57,  Spectrum  1). 
Tliere  is  some  evidence  that  a  colourless  chromogenic  substance,  related 
to  ha-matuporphyrin,  may  occur  in  the  urine,  as  the  pigment  has  been 
ol)serve(l  to  increase  in  amount  after  standing. 

Chromogenic  substances  in  urine. — Two,  at  least,  of  the  i»ii:- 
nients  we  have  now  described  (urobilin  and  hai'matoporphyrin)  may 
(»xist,  as  we  have  seen,  in  the  form  of  ehroniogens — colourless,  or  less 
ccjloured,  [)ie('ursors.  Ihit  the  urine  contains  other  eliromogenic  sub- 
stances, whieli  in  the  original  urine  always,  or  nearly  always,  retain 
tlu-ir  enlourless  form;  and,  as  a  rule,  take  no  siiare  in  the  true 
])i;j:ni«'ntation   of   the  fiuid. 

Wq  do  not  include,  under  the  term  of  **  chronioj^^en,"  all  substances  whieh, 
by  tlie  acliuii  of  stronj^^  rca;;ents,  ha])pen  to  be  cai)al)le  of  yielding  a  <;ol(jured 

derivati\  ('. 

We  |iiir].ost'ly  exchlde  >sU('li  lindii's  as  the  so-called  '*  liuiiious  substances  "  cf 
Udr.'inskv  inddiiiile  i)roducts  of  wholly  dnuhtful  nature  obtained  ])y  snrh 
processes  a>  fu>in,i:  urinary  ])i'eci}»itates  witli  caustic  alkali,  or  bojlin;^'  the 
])re\  idiisly  cniieciit  rated  urine  for  hours  with  hydrochloric  acid.  Tlu'se  are 
])rol.aMv  derived  fr..m  the  carltohydrates  and  otlnM-  c<»nstituents  of  the  urine, 
hy  the  de>truetive  action  (»f  the  ri^a^M'Uts.  ]5ey<ind  the  fact  that  they  happen 
to  he  amorphous,  and  yellow  or  l)rown  in  colour,  there  is  nothing,'  to  su;^';j»'>t 
that  they  are  rel.ite(l  to  uio(dironie  or  any  otlnM*  defniite  jiiL^nient. 

A\'e  shall  deal  oidy  with  thos(»  cdiii^inogenic  substances  whieh  are  of 
iini>oitaiico,  citlioi  !)((  ause  they  may,  thotii^di  with  great  raiity,  a]»]K.'ar 
as  actual  ])i^nicnls,  oi-  Ijeeause  they  yield  their  eolotired  derivativi's 
with  comparative  ease,  and  may  thus  lead  to  confusion  when  the  urine 
is  being  investii^ated  in  othei'  connections. 
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CHROMOGENIC  SUBSTANCES  IN  URINE,  8tf 

(a)  Indoxyl  (indigo-blue  and  indigo-red).— Incloxyl  (cf.  pp.  607 
and  6*U)  easily  nxidise.s  tn  iurligU'ldue,  or  to  the  isomeric  substiiuce 
indigo-red.  The  relation  hi'tweeti  iuLluxyl  and  ita  blue  derivative  is 
expressed  by  the  following  ec[iistion  :— 

f  TT  /  ^^  OH )% . ,  T  J   I  p    _  nrx  /  C  OXp  _  . ,/  *'  0\^,  ,  r    ■  .>|t  rx 

(iodosyl)       -  (iuiligu-bluc) 

The  f-rmiila  of  iiidigo-it-d  is  (;H,'^S2^)C  =  cC  '^}Pll^'^j}i ,  ami  il 

arises,  like  its  blue  isomer,  when,  by  oxidation,  four  atonic  of  hydrot^^en 
are  removed  from  two  niolt'cide.s  of  iiidoxyl  Oxitlisin^  rea^fents  wlien 
addec^l  to  urine  may,  aeeordiiij^^  to  the  fniidiLinus  ut'  the  exj^LTiment,  give 
rise  tu  the  formation  of  eitlier  or  botli  of  tliese  eoloured  derivatives. 
The  blue  subfcjtanee,  however,  is  luore  easily  and  more  generally 
obtained. 

It  is  of  great  rarity  for  tlie  urine  to  be  actujdly  piomented 
with  iudign-bhie.  A^  we  have  already  seen  (|i.  G07j,  the  urinary 
indoxyl  is  excreted  in  the  form  f»l"  a  conjugated  sulphate,  and 
this  compound  resists  oxidation.  Only  when  the  iiuloxyl  is  first 
liberated  from  itn  c<jmbination  dues  the  action  of  oxidising  reagents 
]>ix«iuce  the  l>hu*  eolour.  It  ih  stated,  fiowever.  tliat  the  urine  of 
cholera  may  Hometimes  cxliibit  a  bhie  sliade  from  tho  jtresenee  of 
iiwiigo-blue.  \\'e  have  seen  that  the  Jimount  of  indoxyl  .sulphate  is 
increased  in  the  urine  %vhenever  baeteiial  putrel'aetion  of  albuminous 
substances  is  occurring  to  a  greater  extent  than  usual^  wliether  in  the 
Ixmel  ur  elsewhere  in  the  body  (putrid  abscesses,  et(^).  The  most 
ready  method  of  demonstrating  tlie  amount  of  indoxyl  is  )>y  converting 
it  into  indigo- blue,  Ja0^  ttnt} — -Tlie  urine  is  mixed  with  an  equal 
hidk  of  strong  hydroetilorie  aeirl,  hy  whith  me;ms  tiu^  ''imhean" 
(indoxyl  sidphute)  is  decomposed  and  tlie  indoxyl  lii>erated.  With  a 
pi[>ette,  il  sedation  of  a  hypocldorite  is  mjw  added  to  the  mixture  drop 
iy  drop,  when,  by  uxidiition  of  the  indoxyl,  indigo-blue  is  formed.  By 
shaking  up  the  liij^uid  with  chluroforrn.  a  solutinn  of  the  blue  sulistanee 
is  obtained  in  the  latter  (Stuekvis,  Semitoi;  and  fathers ).  Otherwise, 
a  crystal  of  potassium  chlorate  in  plat  od  at  the  bottom  of  a  test  tube 
and  covered  with  tlie  urimji  to  be  examitn^d.  Strong  Indrochlorie  aeid 
is  then  allowed  to  run  down  the  side  of  the  tul>e  so  as  to  reach  the 
crysUil  without  mixing  with  the  urine.  The  latter  floats  njjon  tlie  aci<b 
and  at  the  Junction  of  the  fluids  a  Idue  ring  is  seon  of  intensity  var^ung 
with  the  amount  of  indoxyl  present. 

But  indig<»-hlue  is  itself  an  easily  oxidisable  snhstanee.  It  is 
instiintl}"  dt^enhuised  by  nitric  acid,  antl  \vith«nit  diUieuUy  by  hypo- 
chlorites. In  Jatle's  test,  as  above  des(  ribed,  it  is  thoreiV^re  neeessary 
to  udd  the  oxi<lising  agent  with  great  care,  or  Uie  blue  colour  will 
disappear  as  soon  as  formed.  In  Ubermayer's-  meth(»d,  the  urine  is 
first  precipitated  liy  acetate  nf  lead,  and  iiltered  ;  tn  the  hltiate  is  added 
an  equal  bulk  of  stionj^:  hydrochhaie  aeid,  eontaiiiing  two  oi'  thieo  parts 
per  thousand  of  ferric  <'iduride.  Tlie  mixtuii'  is  s[iMlv*:n  for  a  sh<trt 
time,  and  the  liberated  pigment  taken  up,  as  before,  in  ehlnrntnriii.     In 

^  ArcLf.  (/.  ^/fs,  Phif,M.,  Hoiin,  1870,  Bd.  iii.  S,  448. 
*  H^im.  klin.  Wehimchr.,  18^0,  S.  17ti. 
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this  case  the  feruu  .^  It  acta  m  a  inilil  i^xidisiiig  agents  sufficietit  to  form 
but  not  tfi  destroy  tne  piginerit. 

With  care  a  ceri^ain  aniouiit  uf  iiidigo-l^hie  nmy  \m  olitainetl  from 
most  normal  urmef  ;  and,  apart  from  the  increase?  io  actiml  disease, 
indoxyl  may  he  pr  sent  in  considerable  anioimt,  ami  the  iirLne  yield 
a  well- marked  indi  o  react  inn,  ivben  nothing  more  than  conetipation 
exists.^ 

Indigo-red  Is  n  re  liable  to  h^  formed  from  the  lu-inary  indoxyl 
when  Jalfi^'8  teat  i..  applied  with  the  aid  of  gentle  he^it.  Higher 
temperatures  favoui  the  formation  of  the  red  isomer,  lower  temjjera- 
tures  the  Idue.^  In  Weber's  test  for  indicamiria  both  pigments  are 
formed.  The  urine  is  treated » m  in  other  methods,  with  its  own  volume 
of  hydroclilorie  acid :  one  to  three  drops  of  dOute  nitric  acid  are  then 
added,  and  the  mixture  heated  to  boiling.  After  cwling  it  is  shaken 
with  etlier,  when  the  mine,  if  I'ieJ}  in  indoxylj  m  found  to  retain  a  blue 
colour,  wliile  the  supernatant  ether  is  red  or  violet.  The  formation  of 
indigo-red  has  no  gignifieanee  lieyond  such  aa  is  attached  to  that  of 
indigo-blue.  It  may  sometimes  arise  from  the  urine  on  the  addition  of 
strong  hydrochloric  acid  al^nle  {hifra). 

(b)  Urorosein* — (Juite  distinct  from  indicjo-red  is  the  red  pignientf 
named '*  u run jsein '' by  Nencki  anti  Sielier,^  and  since  carefully  studied 
by  H.  RoHiiL*  It  Is  pniduced  from  its  chromogen  by  the  action  of 
mineral  acids ;  best  with  tlie  aid  of  ao  oxidising  reagent,  but  frequently 
appearing  wljen  tlie  urine  is  treated  with  strong  hydrochloric  acid  alone, 
especially  after  St jonh'iig.  It  i^  fivrly  tiikcii  up»  i*fter  itH  formation,  by 
amyl  alcohol,  but  is  not  soluble  in  ether.  Alkalies  immediately  destroy 
its  colour.  The  chromogen  of  urorosein  is  precipitated  by  saturation 
with  annnonium  sulphate.* 

(o)  Skatoxyl-red,  which  is  formed  from  skatoxyl  on  oxidation,  is  never 
obtained  from  urine  inider  ordinary  circumstances  (Rosin),  though  it  may  be 
produced  in  tlie  urine  of  animals  wlien  skatoxyl  has  been  given  by  the  mouth 

( Brioger). 

It  may  be  stated  generally  that  when  a  red  colour  is  produced  in 
urine  l)y  the  addition  of  strong  acids  (with  or  without  the  assistance 
of  oxidising  reagents),  it  will  in  the  great  majority  of  cases  be  due  to 
urorosein  or  to  indigo-red.  The  two  pigments  may  be  easily  distin- 
guished, in  that  urorosein,  unlike  the  indigo  pigment,  is  not  taken  up 
on  sliaking  with  etlier  or  chloroform,  and  is  easily  decolorised  by 
alkalies.^ 

The  Pigmentation  of  rATnoLOGiCAL  UmNES. 

All  the  i)ignients  and  ehromngons  that  we  have  so  far  described  may  1m^ 
excret<'(l  in  increased  amount  in  disease.  There  are  other  pigments  which 
only  ajipear  in  the  urine  patholopcally. 

In  thf  urine  of  fever  a  well-marked  band  of  urobilin  may  generally  be 
seen  without  jneliniinary  treatment,  and  uroerythrin  is  often  present  in  more 

^  (f.  V.  .Tiiksrh,  ''Kliiiisclie  Diagnostik,"  lS9d,  Aufl.  4,  S.  406. 

-  Rosin,  rirchow's  Archiv,  1891,  Bd.  cxxiii.  S.  519. 

^  Journ.  f.  prakt.  Ch^-in.,  Leipzig   18S2,  Bd.  xxvi.  S.  333. 

*  JJriffsrhc  mrd.   irchnftrhr.,  Lei|>zig,  1893,  S.  51. 

*  Garrod  and  IIo}>kins,  Joum.  Physiol.,  Cambridge  and  London,  1896,  vol.  xx.  p.  134. 

*  Roj^in.  Virchow's  Archiv.  1891.  Bd.  cxxiii.  S.  .»il9. 
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than  normal  anioimt.  I  I»iive  also  frequently  uWrved  that  unK^jroim^  it^tlf 
take^  a  hhare  in  the  iiicretiseii  pigiiientation  of  febrilL^  urinp. 

UnjbUin  h  inximl  in  large  amonnt  wlion  «-xtt*nsive  hsemolyms,  or  krge 
internal  liiemrtrrhiigeH,  htive  ciccunvtl  ;  it  i-^  altii)  greiitly  increaMoil  in  certJiin 
Ciises  of  Iiepatic  cirrhosis.  The  high  colour  of  the  uriuf  uf  pernii-ions  imaMnia 
i.^  in  psirt  *lue  b>  unsbiliii  ;  other  jiignu  iitn  nisiy  take  a  largi^  ^hjiie  in  thi^  inereii^e 
in  colour,  but  it  is  charucteristic  of  this  ibsfiisL*  f^r  free  urobilin  to  be  jiirscnt 
iii^tc^ad  of  the  i"hroiinigi'n»  for  even  in  pule  .M|>eL'iniens,  which  are  .Houit'tiuifs 
pa3!54?ii*  an  abKorption-ban<l  betweeu  h  and  F  is  u^uall)'  visilile.  It  is  nmiujon 
for  free  urobilin  t^j  l>e  present  in  diubetetf.  An  itierea.He  of  uroerythriii  is 
f?4?en  in  many  forms  «»f  hepatic  rlisortler.  HfPiiuito[xirphyrin  does*  not  ajipear  to 
tlepend  u^m  Inemolysiri  for  increaseil  excrt^iou.  After  excei^sive  une  v{  druj^rs 
of  the  hul[>b<»nal  tyiK%  the  urine  mwy  exhihit  a  tleep  [«>rt-wine  eolour  ]  l)art, 
Init  not  the  whole,  of  this  pigiiipnt4tti<ui  is  due  U>  an  enormously  ineieaf'ed 
excretion  of  hiemabspnrpbyrin,  whieli  may  In*  quite  tmassoriated  with  any 
dccrea^ie  in  the  IhTnioglobin  of  the  blood.  Increase  of  this  pigment^  but  of 
much  slight-er  degree,  oceurs  alno  in  plumbi.sju  find  in  certuiir  other  diseased 
coiiiiitionH, 

The  eo  called  pathologrical  urobilin.— ^ev^-ra I  observers  have  made  a 
(listineti<m  between  normal  urobilin  and  a  [lathologiral  f<>rm  of  llie  pigment. 
The  diflferences  fonml  have  been  mainly  thrtse  of  speetr<i^ei>pie  a[>peii ranges  ;  the 
[jathological  ffirm  showing  a  [iro|M»rlionately  broader  band  bctwec*n  h  and  \\ 
and  additional  kinds  elsewhere.  The  variiais  ileseriptiotLS  of  the  [mtholitgiral 
pigment  are  in  jio  ^ense  consistent  laie  wdth  the  other,  Evitlemte  b:is  recently 
Ijeeii  brf»uglit  forward  to  show  that  the  points  of  distinetion  may  be  tdl 
explaineil  as  tlie  result  i>f  impurities,  and  that  urobilin  is  one  and  thi-  same 
snbetiineu  wherever  haiud.^ 

Special  pathological  pigments— /*7'^-j*/  />/y^/^e;y/,v.  -In  h^fimfuria^  due 
to  what4'ver  cause,  tin*  mine  u^^lally  contains  ntialteied  luenioglobiti.  In 
generiil  tlje  pigment  may  bn  recogniseil  in  soluliini  speeth^seopieally,  while  red 
bletKl  corpuscles  are  found  in  the  dejiosit.  Some  sprcina'ns  of  urine  pn  serve 
the  integrity  of  the  corf ►u sides  very  completx-ly,  and  in  slight  etisi^s  of  hainatnrin, 
while  no  pigment  may  be  found  in  sohitiim,  the  deposit  (pbtained  by  centrifuging 
will  sIkiw  a  red  layer  of  corpns<4eH.  In  Itti moijhibimiria  the  pigment  is  passed 
wholly  in  solution,  and  no  eorpuscles  are  foiuui.  Not  infrequently  mfihumf}' 
ghbin  is  present  in  plaee  of  or  in  mldition  Ui  o.\yha?mi^globin,  even  when 
the  urine  is  first  passed.  Sfiecimeiis  whi«ds  are  spi>ki  11  of  as  "smoky  '  usually 
eojit,^iin  this  latter  form  of  pigment. 

If  the  quantity  '*f  pigment  is  too  small  to  show  a  re  ciigTiisabb-  s[»cctrnni 
direct,  tlie  urine  may  he  heateil  with  caustic  iilknli,  liltered,  nnd  a  few 
drops  of  amnnaiinm  sid|>btd<*  added.  Tbe  more  [»>\vcrfnl  absor[>tion-]iand3 
of  haemocfiromogen  will  ihen  be  generally  visible.  Or,  the  nrim^  Jnay  be 
boiled  with  entistie  alkali,  when,  in  the  prt'senee  nf  bliHid,  a  greenish  tint  is 
[rrrnluced,  and  the  [>ho.spha(cs  are  preripinited  willi  a  bniwnish-red  ctili^nr,  tlue 
to  li^ematin  (Heller).  The  blue  eobiur  produceil  by  the  addition  of  gnaiaeum 
tinctTire  and  nn  ethereal  solution  of  hyilrogen  [n'loxidej  is  a  delicate  but  not 
wholly  conclusive  test  when  :ip]>lied  tu  urine. 

Bile  pifjutenfs  afijiear  in  the  urine  in  m<>st  easi-s  of  jaundice,  genendly  in 
the  fonn  of  bilirijlan,  wbeu  the  urine  is  sairron-cohaired  ;  l>ut  ineasionally 
partly  as  biliverdin,  when  a  greenish  tint  predominates,  Wlien  present  in 
large  amount,  there  is  no  ditfienlty  in  the  recognition  of  these  pigments. 
Gmelin's  reaction  is  obtjum'il  by  albiwiug  the  urine  to  run  gently  on  to  the 
surface  of  j^ome  fuming  nitric  arid  rijiit.iincd  in  a  test  tube.  The  test  is  made 
more    delicate    if    the    urine  be   first  repeatedly  tillereil  ibrougb  a  f  lean  white 

*  Ho|ikiTis,  ft  ay's  Haap,  lUp,,  [.oii-bai.  1*^03,  vul.  I,  j«,  "M\i\  ;  (liirnMi  nw]  ITapkiTis,  "The 
aiiiiy  of  Urobilin,'* /wwm,  litimU.,  </aiabridjj;t' aud  Lomloa,  lSia>,  vol.  xx.  \k  VML 
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filter  paper  ;  the  paper  m  etainetl  yellow,  and  ft  drop  of  fiiminj?  nitrk"  acid 
allowed  t<)  fall  upon  it  producea  the  characteristic  play  of  coloiira*  When 
only  truet'rt  of  the  pigment  are  present^  Gnielin's  test  is  beet  applied  to  the 
precipitate  j>riKluctHi  in  the  nrine  by  the  addition  of  linie-watGr  with  tbe 
eiibsequent  pjissage  of  a  stream  of  carbon  dioxide  ;  the  jireci^iitate  is  filt-ered 
oif,  dried,  and  touched  with  nitric  acid. 

VarMui-ia, — In  jiuiwnning  hy  carbolic  acid,  and  often  to  a  ler^s  degree  after 
the  stib,staiice  him  been  freely  used  as  a  dru^.  tlie  urine  has  a  ^reeni??h*bn^wn 
or  dark  brown  culour,  which  increases  on  exposure  to  tlie  air.  Tliis  colour  is 
(hie  to  oxidation  jmiductH  of  some  of  the  urouiiitic  Hubstiinces  jtre^ent  in  rnunial 
urine,  which  have  been  dealt  with  on  p.  BOT  *'f  ^^'q.  They  are  excreted  in  umch 
^^reater  rjuantity  after  tbe  administrjition  of  phenob  P>TOcat*M?hin  and 
hydrochinon  are  e^[)ecially  res|>onsihle  for  tlie  colour  eifect. 

Ahapiouiirm  (cf,  p,  607). — A  |ibcnomenon  very  similar  to  that  firesent  in 
carhuluria  is  seen  in  certiun  other  conditions,  where  an  alkaline  urine,  ns  it 
stixnds  in  the  air,  tiikt^s  tirst  a  brown  colour  at  llie  i^urfacet  wliich  j?ra(lually 
spreiids  throufjrli  the  Ihiiil,  and  may  iinally  result  in  the  whole  urine  liecundng 
nearly  btick.  Such  urine  always  reduce??  copper  sobitions.  Tbe  phenomenr»n 
was  hrst  ulisrrved  by  lioeder-ker  in  1859,  and  it  was  later  ascribed  by  him  to  a 
suh^tance  whirb  hi^  i  ailed  iiirajtfon. 

Hut  alcajiton,  as  already  st^ded,  is  not  a  definite  comjMtund,  and  tbe  rLdoii? 
phen^iiiiena  are  prol^dily  due  to  the  action  nf  oxygen  upui  s<>me  of  the 
urtjinatic  hndies  present;  prol  ably,  at  times,  upon  pyrocatechin  and  uroleuctc 
aiid,  but  more  often  perbaps  upon  tlie  homo^^nitisie  acid  of  Wolkow  atul 
Pfauinann  {vifh^  p.  606), 

Altliou*:;h  thou<rbt  to  be  es]>ecinlly  frequent  in  variou,s  forms  of  tuberculosis, 
alcaptonnria  Uiust  mit  he  l<Mjked  upon  as  s]x*cifically  assmuated  with  any  parti- 
cular disea>?cd  CMuditions  ;  it  indicates  rather  .*^ome  peculiar  independent  changes 
of  metahnlism,  and  is  not  infrerpiently  met  with  in  I'onilitiiais  of  apj>arent 
heiilth,  Tn  4ine  case  where  there  wa.^  a  tendency  for  hnnio^entisie  acid  to 
appciir  in  th«'  tirine,  it  was  found  that  the  ([uanLity  of  this  substance  and  the 
assoriuted  <M>loiir  pbenoiurnun  mipbt  be  enormously  increased  by  admin ij^teriii^ 
tyrosine,  and  it  is  ?*ij^'L,^esteil  that,  when  IjoncigcTitisic  aeiil  or  iitber  aromatic 
substaiir(\s  appear  in  excess,  it  is  due  to  the  a<  ti^m  of  special  micro-organiCTUft 
on  tlie  tyrosine  nf  the  howeL 

Dntff  pvjm*iJii», — The  urine  may  contain  purely  accidental  pigments  due  to 
the  use  nf  drugs,  notably  of  rhubarb,  senna,  logwt>od,  ami  santomn. 

TiiK  L\oii<;AMc  Constituents. 

To  a  laiju;e  extent  the  inoru^atiie  constituents  of  the  urine  arise 
diroctly  fnun  the  lVK>d,  wbitb  idw.iy.s  contains  a  largo  exoe^ss  of  salt^ 
It  (Ii»t'H  not  folltnv,  h((Wtrivei%  that  tlie  ba^es  and  itcids  are  Ut  be  found  in 
tbo  urine  in  the  same  eombinatir>ns  as  when  ingested,  and  indeed  un 
intercbange  of  base  and  acid  may  oeeur  in  special  eireunistiinces  Ijetween 
tbe  salts  o|  the  IVnal  ami  tbose  of  tbe  tissue  tlniils.  Thus,  excels  of 
potassium  in  tbe  food  may  bvad  to  increased  elimination  of  sodium 
O^unge).  The  sulj^hates,  nnu'eover,  form  an  excqdion  U)  the  general 
rule  of  direr  t  r>rigin  from  tbe  ingesta,  very  small  (|uantitieR  of  these 
salts  being  juesent  in  a  ni^nnal  dietary.  The  urinary  fiul]dnites  are 
derived  almost  entirely  from  iirotcid  metabolism;  a  small  proportioa  of 
the  ]»bos]>Inites  arising  in  the  same  way. 

Sulphuric  acid  and  other  sulphur  compounds. ^ — Alxiut  80  per 
tfir  \sy\n\  sulphur  in  n«uinal  hnmau  initu.^  is  present  in  the 
llpbnric  acid;  from  2  to  2r»  grma.  of  the  acid,] 
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combined  as  salts,  being  excreted  per  diem.  Twn  forruB  nf  saltH  exiat— 
(I)  the  oitlinary  and  gtrietly  inorganic  sul}>hates  of  tlie  form  M'.SOj, 
auJ  (2)  the  so-called  conjugated  or  ethereal  sulphates,  wliich  contain 
or|;anic  radicles ;  the  enmpoaition  of  these  will  he  clear  from  wlint 
foOows. 

If  orilinary  aleohol  be  boiled  with  its  own  bulk  of  strong  Bnlpliurie 
m%\,  under  a  vertical  condenser,  a  crystal hne  product  is  furnied  which 
if*  known  as  ethyl hydn-><,'en  snlphate,  or  sulphovinic  acid.  The  com- 
|kiflition  nf  this  is  explained  hy  the  followinir  e^j nation: — 

(alcohol)  tmilphurk  acid)     (water)    (cthylUydroifoii  sulplmtt?) 

By  elimination  of  water,  the  etliyl  radicle  (CJI;,- )  becomes  "eon- 
jugHted  **  with  the  stdphiiric  acid,  and  a  monovalent  acid  is  fornied, 
wWch  yieUls  salts  of  the  tyjie  M^CJl.^  :  S*)^,  On  !>oiling  sucli  Pidts 
with  hydrochloric  acid,  the  sulphovinic  acid  is  first  liheratcth  nnd  then, 
k  idjsorptiun  of  water,  splits  up  ducc  nunc  into  alcohol  iind  sulphuric 
acid. 

Tlie  "conjugated  sulpliates '*  of  thi*  urine  are  preciwcly  analotruus 
salts,  which  undergo  like  decomposition  when  boibnl  with  IICI  But, 
imtead  of  ethylt  the  ra«liclcH  c^nijugatcd  with  tJic  sulphuiic  acid  are 
nearly  always  derived  fn>iu  aromatic  precursftrH.  In  fact,  as  we  have 
almiidy  seen,  most  of  the  aromatic  cnni]iounds  of  tlie  iiriuf  dcscribid  on 
fj.  605  eJ  st'ff  are  present  as  conjugated  sulphates;  and  the  projiortion  of 
the  sulphuric  arid  present  in  this  form  depcn<ls  upon  the  factors  which 
irierease  or  decrease  these  aromatic  sutistances.  Tiic  chief  salts  present, 
therefore,  under  ordinary  circumstances,  are  tliose  of  krcsyl-  indoxyl- 
anil  skatoxyl-sulipburic  acids. 

Xormally,  the  sulphinic  acid  so  conthincd  amounts  to  about  one- 
U'ntli  of  the  whole:  ninc-tcnttts  being  in  the  form  of  onhnaiy  sulpliates. 
An  increased  pTO]iortion  of  ctherc^d  sulphates  is  found  when,  for  any 
reason,  there  is  increase  of  proteiil  putrefaction  in  the  body,  and  especi- 
tfily  in  the  liowel ;  and  also  wlien  larger  n mounts  of  aronuitic  compounds 
than  uKual  are  t;iken  liy  the  mouth.  In  man  they  ni;iy  be  greatly  in- 
creased duriui^  starvation,  wb(TCJis,  according  to  L  Munk,  they  stre  absent 
from  the  urine  of  a  starving  ttog. 

Fur  the  (fetertiott  jiml  eHftn(fjfi*>ji  of  tlu'  sidpliatcH  wf  r*  ly  npon  tin*  fMnuiL- 
tion  of  the  iusohih!»*  Ijariuru  salt.  All  tlu'  sulpburif  nn*\  Mri^'inally  prrsoist  us 
ordinary  sulphates  is  pn*<  ipif.itcd  as  white  cryslMinm^  bjoijoii  >-nlph;i(e,  wlirn  a 
Stdnhle  b.iriuui  palt  is  add*'*!  t'*  tin*  uriui',  pn^viously  luadr  arid  with  at^i  tir  arid. 
On  the  lather  hand^  thf  barium  sfilts  of  tlir  runjuf/jstrd  sidplnirir  :i*Mds  mv  suhibli*, 
flO  that  whin  the  barium  ja'ccipitato,  ohtain*'"!  as  al»ovN\  is  lilteivd  ittf,  the 
ethereal  ^ulphat^^s  still  t'xist  in  tin*  liltiat"'.  liut,  51s  Wf  have  stv-n,  they  am 
deconijuksi-d  «m  baling  witli  Ijydrorhloric  su-id,  sphttinj:^  n\>  itito  sulphuric  arid 
and  the  hydrate  of  tlie  eonjuj^'at/d  radicle.  It  \i^  evident,  tlierefine,  that  if  the 
above-inentii>ned  filtrate  he  so  hniled  witli  liydrnLddorie  acid,  a  frn^tlier  [>recipi- 
tute  of  hu'inni  Huljthat*'  may  be  nl4ained,  the  anioTint  of  wldfdi  will  be  a 
ni<^.**ure  of  th*'  propjrtiijn  ^^f  ijthereal  sulphates  present. 

One-fifth  of  the  total  snlphm-  of  the  urine  is  present,  not  in  ;niy  form 
of  solphatet  l»nt  in  less  oxiiliscil  cnmjionnds.  This  fractiun  may  he 
Bp*»ken  of  as  the  "  n^^ntral  stdithurj'  in  c<^ntradistiuction  t<j  tbe  ''acid 
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sulphur"  of  the  sulplmtes,^  We  have  but  little  kiiowleilge  of  the  actual 
forms  in  whifh  thin  ntnitml  sulphur  is  excreted.  As  one  source  of  the 
imoxidised  sulf^hur  coiui>ouiu.ls,  we  may  look  to  the  t^iuriii  of  the  bile, 
since  it  Juis  been  shown  (in  the  dog)  that  when  the  bile  is  divert-ed 
from  the  bowel  by  means  of  a  tiistula,  the  neutral  sulphur  of  the  urine  is 
diminished;  experimenUl  or  patliolof^deal  blocking  of  the  bile  d net,  on 
the  other  liiuul,  increases  it.'^  A  second  portion  is  probably  present  in 
a  couipoinid  nr  eouipouiuis  analu^fi>u8  to  cystine,^  and  in  fictual  cystinuriai 
the  neutral  sulphur  is,  of  course,  <frcatly  increased  (cf.  p.  603), 

^linute  (piantities  of  sul|)liocyanides  are  always  present,  proliably 
owhii^  to  reahsor]>tion  from  tlie  saliva  which  is  swallowed,  atid  these 
crmtrihule  to  the  '' neutrar'  sulphur.^  liut  none  of  the  sources  we 
liave  mentioned  will  account  for  the  whole  of  tlie  unoxidised  sulphur 
present,  whirh  mnsl  ])artly  exist  in  compounds  of  which  we  have  no 
knowledge. 

To  esii'mate  tla*  m  utral  >Mli»hur,  a  small  quantity  of  the  urine  is  evaporated, 
nnd  the  rri^idue  fasi'd  with  Jilkidiin'  eai'l)oaHit*^s  and  nitrate  *if  jHitiksmnm.  By 
this  inraas  the  whole  of  ihe  >al|ihur  [aesrnt  is  oxidisid  to  sul|>hates,  and  these* 
are  eKtiniat4.*d  as  bariuia  *<ul|>hati\  A  separate  estimation  t»f  the  snlpliurie  aeid 
orij^innlly  j^resmt  is  made,  and  the  aiaiamt  ilechictcd  from  the  hgure  <d»t;uiipd, 
as  alM>ve.  Th<^  rxeess  in  a  aieasnre  of  tlie  aeatrrd  sul]>hiH\  in  t<'nns  of  snlphurir 
aeiiL 

Phosphoric  acid- — The  grcutcr  part  of  the  pliosphates  of  the 
urine  is  derived  directly  from  those  ingested  with  the  food,  but  a  small 
projiortion  arises  from  the  oxidation  of  the  nuxdein,  lecithin,  and 
I^rotagon  of  the  tissues.  The  ]4ios]>hales  arc  inercascd  by  animal  frNxl, 
es[veei;d1y  wheii  this  is  rich  in  nii(deo-prnteids  (Weintrand),  and  arc 
diminished  1»y  vegetalde  diet.  The  pltosplHnie  acid  of  plants  is  mostly 
]iresent  as  insoluble  earthy  phosphates,  which  are  not  al*Sfnbed.  On 
tins  account  the  urine  of  herhivora  is  notably  pour  in  phosphates.  In 
tJian  the  quantity  is  necessarily  very  variable,  and  ranges  from  1  t«« 
S  ^rirns,  rjf  phosi»lKui(^  aeid  in  tlie  urine  of  twenty-four  hours ;  it  com- 
uiiady  amouuts  to  alKHit  ^>"o  gnus. 

The  nature  of  the  sfdts  ]iresent  has  been  fully  discnsswl  in  the 
section  devoted  to  the  chemic;d  reaction  of  the  urine.  Part  of  the 
phosphoric  acid  is  ]iresent  in  (combination  with  lime  and  magnesia,  but 
a  greater  part  is  combiticd  with  the  alkalies.  Some  importance  !ias 
beeji  attathod  to  a  rhange  in  the  relative  proportion  of  the  "earthy" 
and  *'alkaliuo"  ]ihos]4iatcs  in  diseased  eoutlitions,  the  estimation  l>eing 
made  hy  addiug  auiioonia  to  the  urine  aial  so  pr(  lijatatiiig  ihc  fonner. 
Ihit  the  information  so  obtained  may  be  misleading,  as  whatever  the 
form  of  calcituii  or  magmi'sium  salt  originally  present  in  the  urine  (c^^, 
sulplKttes  or  cldi>ndes),  a  precipitate  produced  liy  anujionia  would  contain 
these  bases  as  phosphates,  since  an  interchange  of  acids  w*add  take 
]dace  with  tlie  alkahnc  phospliates,  Froia  alkaline  urines  magnesium 
ammoTuum  phospliatr^  (lriplc']>hnsphate)  frequeidly  separates  in  char- 
acteristic  crystals ;   and   in    the   deposit   from  feebly  acid   sj^ecimens 

»Sfta-ewHkL  Virthnr'nArdiiv,  1875,  M,  Iviii.  S.  472. 

-rr,  Kiifik^l.  Arrh.f.  d.  ffof.  Pfn/mol.,  Uonii,  l.=i77,  Bil.  xiv.  8.  344, 

luu    Aiul    ikuiiiaiiii,    Zfschr.  J\   phijsitj}.    i'ficm,^    Strnssbai^,    1888,    Bib    xu, 
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calcium  phosphate  is  found  in  star-shaped  masses  of  fine  [n  isms  (stellar 
phosphate)  (I''^.  58). 

Patholo^cally,  a  diiuiuuti"ii  **(  tin*  urinary  [fln>sjihat<^H  is  sten  hi  no]>lirilirf 
(Punly),  and  an  imTt^an*  is  sat"!  t^>  nft-iir  in  feitain  nervi>n8  discui^rH.  Tlie 
phosphate**  may  be  ^eatly  intTeaseil  in  ili:dx4oH  inBipiduK. 

For  the  e^ihtmikm  of  phosphoiif  acid  tlie  urine  h  first  treated  witlr  at't*tic 
acid  and  sodium  acetate,  and  i.s  then  litratetl  with  a  staufhird  sohition  of 
uninium  nitrati\  Ferroi  yanidi*  of  jmtassinni  or  rochini*al  tinrturo  nuiy  lie  used 
as  an  indieati^r  t»»  tnark  the  entl  point  <d  the  titratitm. 

Hydrochloric  acid. — There  can  ho  little  doiilit  tlmt  tlu>  •greater 
|Kiri  of  the  hydrrHhlorie  arid  nf  urine  exintH  as  sodium  (^hloride,  and  it 


certairdy  arises  mainly  from  the  eoiianuri  salt  prt'sent  In  ilte  lt){Hl,  The 
tissues  an*l  Jluids  of  tlie  hu<ly  maiuUun  a  \ery  emistant  eontent  of  sodium 
chloride,  any  exeess  is  at  ouee  ext^roted,  and  any  diininntiou  in  the 
supply  immediately  reduces  the  exrietinn.  The  aninitnt  in  iUr  urine 
depends,  therefore,  in  normal  einumstuuees,  almost  (»ntir*'ly  upon  the 
quantity  ingested,  and  falls  tn  a  jiiininnnn  dnrin<^  st.nvation,  or  when 
a  salt-free  diet  Ls  taken.  Patholoj^ieally,  strikin;^^  alterations  in  tho 
chlorides  of  the  urine  may  be  observed.  Thus,  wbemner  consideral>h' 
exudations  Qecm^  as  in  jne-umnnie  jproeesses,  or  where  jdeuritie  elTusion 

if*  taking  plaee,  the  conBei[Uent  removal  of  ebloriilos  froui  th(*  bl I  nniy 

lead  almost  to  a  cessation  of  tlieir  rxeretion  :  ami  eonverstdy,  durin^^  the 
reab8ori"tiun  of  Rueh  exudatimis,  the  urinary  ehlorides  may  (*onsidertibIy 
increase,  even  when  hut  little  salt  is  bein^^  lak<Mi  )ty  the  montli.  Apart 
from  such  exudations,  fever  a{>pears   to   have  a  speeiHe  elTert  in   prti- 
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moting  a  retention  of  chlorides ;  a  fact  for  which  we  have  no  sufficient 
explanation.^ 

Upon  ordinary  diet,  about  from  6  to  10  grms.  HCl  is  excreted  per 
diem  by  a  healthy  adult. 

To  demonstrate  the  presence  of  chlorides,  the  urine  is  diluted,  made 
acid  with  nitric  acid,  and  mixed  with  nitrate  of  silver  solution ;  a  white 
curdy  precipitate  of  silver  chloride  falls,  which,  if  filtered  off,  is  found 
to  be  soluble  in  ammonia. 

To  estimate,  tlie  liydr.)chl()ric  acid,  a  known  quantity  of  silver  salt  is  added, 
tngotbor  willi  nitric,  acid,  to  a  measured  amount  of  urine,  taking  care  that  the 
silver  is  in  excess.  The  precipitate  is  iiltered  off,  and  the  exceas  of  silver 
titrated  in  the  filtrate  with  a  stan<lard  solution  <»f  ammonium  thiooyanate, 
ferrous  siilpliate  being  used  as  an  indicator.  Knowing  the  amount  of  silviT 
added,  and  that  left  in  the  filtrate,  the  difference  indicates  that  combined  as  a 
chltride,  frnm  whicli  the  hydrochloric  acid  can  be  calcnlat<?d  (Volhard's 
metliod). 

Carbonic  acid  is  found  even  in  acid  urines  ;  some  50  c.c.  being 
present  per  litre.^  In  acid  urines  the  greater  part  is  not  in  firm  chemicnl 
(•oml)inati()n,  as  it  is  driven  out  of  solution  by  the  passage  of  a  stream 
of  air.  P>ut  when  the  urine  contains  abundant  fixed  bases,  and  especially 
when  it  is  actually  alkaline  from  these,  considerable  quantities  of  car- 
bonates may  1)0  present,  the  urine  of  herbivora  being  exceptionally  rich 
in  these. 

Nitric  and  nitrous  acids  may  be  present  in  normal  urine  in  the 
form  of  salts,  but  in  quite  unimportant  quantity. 

The  nitrates  are  derived,  not  from  metabolism,  but  directly  from  the 
food;  tlio  nitrites  are  not  present  when  the  urine  is  first  passed,  hut 
ai)]M'ar  to  arise  always  from  the  nitrates,  as  an  etfect  of  the  reducing 
action  of  micro-organisms. 

Silicic  and  hydrofluoric  acids  may  a])])ear  in  traces,  simply  as 
WW  (^H'ccl  of  tlir  ])rescncc  of  their  salts  in  various  foodstnils. 

Sodium  and  potassium. — Of  sodium  about  5  grms.  ]>er  diem  is 
excreted  ujnin  a  mixed  diet,  and  of  potassium  about  half  this  quantity. 
The  projiortion  of  the  latter  metal  is  increased  when  the  dietary  is  more 
exclusively  composed  of  tlesli,  and  it  is  raised  during  starvation,  and  in 
febrile  conditions.-*  We  have  already  referr(»d  to  the  interesting  fact 
ihal  the  ingestion  of  large  (pianlities  of  ])otassium  s^dts  may  lead  to 
incn'asc<l  elimination  of  sodium  from  the  body,  and  it  is  this  driving  out 
of  the  latter  essential  constitnent  of  tlie  body-Huids  which  makes  the 
consum]»tion  of  commoji  salt  with  the  food  a  necessity  in  all  eases 
wlierr'  the  diet  is  rich  in  ])otassium.'^ 

Calcium  and  magiiesium.  -In  human  urine,  alx.ut  02  to  04  grms. 
of  lime  (("aO)  is  exci'et(»d  ])er  diem. 

Of  tlie  lime  s;ilts  ]»resent  in  the  food,  only  a  small  j)ro])ortion  is 
excreted  by  the  urine.  Much  of  tlie  lime  remains  in  an  insoluble  form, 
and  is  not  al>sorl>ed  at  all,  while  of  that  whicli  does  enter  the  cireulation 

^  {1.  Salknw.ki  .nid  L.-uIm",  "  Lt-liiv  vom  Harn,"  l^'^'i.  S.  174,  404,  4()r>  ;  soc  alMi  Kavt. 
Zt^rhr.  r.  j'JiijslnJ.  chnn.,  Sti;i>^>l.iirtr.  ISSS,  VA.  xii.  S.  271. 

-  Wiirst.T  uipi  Scliini^lt.  r,^„fr„j),!,  f,  PI,i,!*inL,  I/«ij)/iir  ii.  Wi.'ii,  1>S7,  P,<1.  i.  S.    121. 
^' CI".  S.ilkuw>ki,  /'/y.-Aor's  JyrA//-,  1^71,  B.l.  liii.  S. -JO!)  :  Munk,   />V/7.   k/in,  H'rhyKrhr.. 
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a  eonsulerable  frartion  is  re-exrreted  into  the  lower  bowel*  Tho 
dminislmtion  of  dilute  mineml  acids,  which  ilecompfiscR  to  some  extent 
the  insoluble  phoHphiitcH  of  the  food,  increases  the  urinary  lime  fialtfi, 
ami,  conversely,  when  scKliuin  jihosphate  is  taken  in  large  ^[uuntities,  the 
lime  may  almost  (hnappear  from  tlie  urine. 

Very  interesting  is  the  observation  of  (1,  Ho]»|ie-^eyb^r,'  who  found 
that  the  excretion  of  lime  wdts  Ijy  the  kithiey.s  i.s  mueli  ^neater  tbiring 
conditions  of  rest  than  rlurin^  exercise,  a  fact  which  doubtless  dependn, 
in  ^>art  at  lea^t,  upon  the  elTect  of  exercise  on  the  excretion  into  the 
bowel. 

As  a  general  rule,  the  urim*  contains  abmit  twice  as  much  mngnesia 
»  liioe.^  Moat  food-Ktulls,  other  than  milk  and  eggs,  contain  mm-e 
magnesium  than  calcium  salts.  Tlie  phos]>hutes  of  tlie  former  are  also 
more  soluble,  ami  as  both  bases  are  largely  present  as  ]ihnsphat(*s  in  the 
food,  it  is  to  be  imderstHrHl  that  more  magnesium  will  lie  af^sorbed  and 
excreted.  When,  as  rluring  starvatiiui,  the  ingestion  (»f  magnesima  salts 
ceases*  the  lime  is  fiunal  to  l*e  in  the  greater  propiatiou. 

Tlie  presr-ni'e  of  ralciaiu  iit  ariae  is  easily  ili'Umit^itnilf'd,  inni  its  jiinoant 
flpUTTairjed  by  ac  idifyirifj  the  fluid  with  acriir  jti  id,  and  uddiag  amanaaaia 
iixabte,  when  all  tla^  liait"  sejiuiiitt's  sis  thr  lusolaljl*'  crvslalhiuM  idritua  (►xidntf, 
which  may  be  tiltiTed  i*tl  and  weif^hfd  as  cnleiaiii  carhnnat*%  \\\V\  wliirh  it 
i*  convertcfd  oa  gentle  ignition.  In  th*i  tiltrntf  fn»ni  this,  tln^  ma{^a]r^iMiii  i?^ 
pTwipitated  as  tri[4e  [>]joH[>hate  iqxia  the  addition  .f  aananniani  rhl'M'idc, 
flmmonia,  and,  if  apef^ssnry,  <>f  simK-  PxtraaeouH  alkfdiai'  pliospliati*. 

Iron.— The  urine  contains,  as  a  rule,  a.  very  miuiile  ijuautily  of  iron, 

ami  fTei|uently   tio  detectaldc  traee.      It  has   been   fnund  increased  in 

diseases,  such  as  j>eniicions  anataia,  but  u<'Ver  rises  to  umre  than  a  ft*\v 

milligrammes  in  the  twenty-bair  lainrs.      It  is  a   remaikal>le  laet  that 

this  metal,  if  present  at  all,  is,  to  a  large  extent,  pr*'eipilated  in  assoeiatitm 

witli  the  pigmented  crystals  of  urie  ueid,  whicli  separate^  wh*'n  tin*  urine 

is  acidified  with  h3'droelilorie  aeicl     It  inay  be  detected  in  the  ash  of 

large  quantities  of  the  urine,  by  taking  a  solution  of  this  tn dryness  witfi 

a  little   nitrie  acid,  dissolving  the  residue  in   water,  and   testing  with 

potassium    sulpbocyanide,   wliieh    gives    willi    frrrir   salts   a   blnod   red 

coloration. 

General  rirAifArTEtusTrf ^i  ok  the  T'rnxAnY  K\<'i;KTrvEs. 

It  nnglil  ]ierhaps  be  expec  ti'<l  that  tlie  waste  ja'oducts  rtf  nieta- 
Ixdisni,  on  leaving  the  Imdy,  wnuld  in  giiiera!  ri/]a(*seut  the  simpk'st 
compiuuds  of  physiological  eheinistrv.  ami  would  stand  larlbcst  nf  all 
removed  from  the  cmnplexity  of  the  tissiu'  ] trot e ids.  That  this  is  mtt 
entirely  the  case,  however,  will  have  been  elear  from  the  faets  sel  forth 
in  previous  sections;  it  is.  indee<b  striking  to  nfisr^rve  fiow  raauy  u\  tlie 
organic  exci*etives  arise  by  synthetie  ]a"oet'ssos  friun  simjdcr  precnrsors 
in  the  brnly. 

There  is  oni^  form  of  rhennral  change  which  lakes  an  ini]MJrtaut  and 

'  Voit,   Ztschf,  /.   BM.,   Miiai  hon,   isnj,    n^l   xi.  S.  3«7-nJ»7,  vvhurr  other  refireTict\s 
will  Iw"  fouud. 

'  ZlMchT.f,ph^jitiol,  Chrm,,  Stnuswlmi^'.  ISJ+I,  Brt  w.  S.  OH. 

*  If Mt  &naljie«  fieur  tuit  tht^  Rtit^nuar  luit  tliisi' nf  l'kin;;r,  ^nvrn  nT»  \k  ^'''''•-  ^^ti»'w  an 
I  of  lime* 
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even  dominant  share  in  the  processes  of  constructive  metabolism :  that, 
namely,  of  dehydrolysis — the  synthesis  of  larger  molecules  by  a  con- 
jugation of  smaller,  associated  with  elimination  of  the  elements  of 
water.  This  process  is  known  to  chemists  as  one  of  "condensation." 
In  destructive  metabolism,  on  the  other  hand,  the  converse  process 
of  hydrolysis  is  an  important  factor. 

While  of  most  obvious  importance  in  the  physiology  of  plants, 
in  whicli  constructive  metabolism  starts  from  a  lower  chemical  level, 
*'  condensation  "  is  also  prominent  in  all  constructive  processes  of  which 
we  have  any  accurate  knowledge  in  the  animal  organism.  Being  thus 
in  general  so  characteristic  of  assimilative  processes,  it  is  remarkable 
how  fre(|uently  dehydrolytic  synthesis  interrupts  the  course  of  meta- 
bolic l)reakdown  and  reappears  as  a  final  step  before  excretion. 

We  have  dealt  with  a  typical  instance  of  this  in  the  formation  of 
hippuric  acid  from  benzoic  acid  and  glycine  in  the  kidney,  and  we  have 
seen  that  a  like  process  occurs  in  the  production  of  ethereal  sulphates, 
and  tiie  conjugate  compounds  of  glycuronic  acid.  We  may  note,  too, 
that  many  sul)stanees  introduced  experimentally  into  the  body  undergo 
kindred  conjugations  before  excretion. 

The  theory  of  the  origin  of  uric  acid  and  the  alloxuric  bases  from 
nucleiiis,  does  not  perhaps  predicate  any  synthetic  step  in  the  produc- 
tion of  this  group  of  excretives ;  but  however  far-reaching  may  be  the 
trutli  of  this  theory,  it  must  be  admitted  that  there  is  much  reason  for 
jiscribing  the  origin  of  at  least  some  fraction  of  these  substances,  as 
found  in  tlie  urine,  to  conjugative  processes  in  the  liver  and  kidney.  In 
birds  tlicio  can  be  little  doubt  that  uric  acid  arises  by  a  synthetic 
change. 

In  the  most  iinportant  of  the  chemical  changes  antecedent  to 
excretion — the  formation  of  urea  from  ammonium  carbonate  in  the 
nifininialian  liven' — we  have  a  ])rocess  which  I  venture  to  think  belongs 
essentially  to  the  same  chemical  jncture.  Though  not  resulting,  properly 
speaking,  in  a  syiithesis,  the  dehydrolysis  which  here  occurs  is  a  chemical 
change  ai^ainst  the  line  of  least  resistance,  and  suggests  an  influence  of 
the  same  ty])e  as  that  ])ro(lueing  the  synthetic  results  just  discussed. 
Witlmnt  misuse  of  tlie  vague  and  somewhat  discredited  terms  "  organic  *' 
and  "  inoruanic,"  we  are  entitled  to  look  upon  the  dehydrolysis  of  am- 
monium carbonate  as  a  return  from  the  latter  to  the  former  category  : 
tlie  excretive  stands  ])hysiologically  on  a  higher  level  than  its  ])recui>or. 

To  c(»iii|»l(4('  whatever  of  suggestion  these  considerations  may  contain, 
we  may  nnte  linaliy  the  dehydrolysis  which  creatin  sutlers  before  ex- 
cretion as  ci'eatinin.  Even  here  we  meet  with  a  change  which,  for  the 
conditinns  under  which  it  occurs,  is  one  from  a  more  stable  to  a  less 
stal)le  substance. 

It  would  sc<Mn  that  just  before  excretion  there  occurs  an  arrest  of 
the  normal  ])roccss<\s  of  down-grade  metabolism  (in  which  hydrolysis 
goes  hand  in  liand  with  oxidation,  resulting  in  a  series  of  compounds  of 
increasing  stability),  and  a  bii<'f  ]-eturn  to  deliydrolysis  and  t(>  tlie  ty]»e 
of  conslnictive  ]»roc(\^ses.  It  is  at  any  rate  interesting  to  observe  that 
tin;  renal  e.\<ielives  ai'e  as  a  class  more  complex  or  less  stable  than 
their  imme(liate  ]>recursors  in  the  body.  When  the  urine  decomposes. 
nndei'  the  desli'uctixe  intlueiu'c^  of  en/ymes  <lerived  from  niiero- 
oiLranisms,  many  of  the  pi'eeursors  i'eap|iear  ;  the  urea,  again  beeonies 
ammonium    carbonate:   hi]>]>ui-ic  acid  and   its  analogues  give  ])lace    to 
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bcozoie  at!id,  creiitiuin  may  again  lake  up  water,  at  id  uric  acid  is 
rapidly  bydmlysed. 

Tbe  uriiiaiy  Tjitrogen,  it  will  Iiave  lieeu  nlmorved,  always  appearw 
either  aw  aiumuuia  (NH^^),  or  more  typically  in  CHiuponuds  eoutainiog 
the  derived  amido  (  -  NH^)  or  imUh*  ( -^  NH)  |^n'^>uj>8.  ruuiiioun^ls  ouu- 
uiniiig  the  other  fuudaincntal  fnrui  of  rugauic  nitrogen,  the  oyaiiogeii 
type  (-C^N,  or  -NeC),  are  repre^euted  only  hy  the  iniuute 
iiuantity  of  }>otassium  Bulidiwyanide,  which  is  in  all  proltability  directly 
iterived  fmiii  the  siiliva.  Although  \\  suiall  pruitortioM  of  the  nitrogen 
ia  excreted  111  aromatic  compounds,  it  is  never,  in  Innnau  urine,  jU'esenl 
ia  the  f»enzene  nueleiis  uf  thr.se,  luit  always  in  side  chains  or  jK'cess(jry 
atomic  groups  within  the  ninleeule. 

The  carbon  ring  of  the  benzene  nucleus  is  especially  resistant  to 
oxidation  in  the  hixly.  the  open  chain  of  carl  ion  atoms,  proper  to 
Bub^taoces  of  the  fatty  series,  being  much  less  so ;  and  for  the  most 
part  we  tind  tliat  the  normal  renal  excretives  (bi  not  reach  such 
mnlecular  size  us  to  conUiin  as  numy  as  six  carbon  atoms,  unless  they 
wiitain  the  anmiatic  nucleus*  As  illustniting  the  degree  of  molecular 
waiplexity  found  in  the  organic  urinary  comiiounds,  we  may  remember 
that  the  molecular  weight  of  urea  is  60,  that  of  creatinin  is  llo, 
nf  uric  acid  1(3H,  and  of  hijipnrie  arid  IHl,  Hie  intact  renal 
opittiHlium,  it  is  true,  jiasses  substaupes,  such  as  \\\v  jfigniEUits,  the 
molecular  weight  of  which  is  much  grcjiter  thMU  tin*  ;iIio\'l%  hut  only 
in  small  n nan ti ties. 

COMFAKATIVE   CnEillSTHY   OK   TUB   TTrINE. 

In  mammalfi,  araphiliia,  tishes,  and  in  eert^un  nic»lluscs,  urea  is  tlie 
cbief  end' product  of  nitrogenous  metaholisjn*  In  birds,  reptiles,  and 
arthropods,  on   the   other  hnml,  the   nitrogen  is  excreted  mainly  in  tbe 

(fonu  of  imc  acitl  In  spiders  and  in  sontc  few  other  grnuj*s  of  inverte- 
brates, the  cliief  excretive  lia.s  been  shown  tu  1h*  gunnin, 
A  study  of  the  renai  function,  fi'om  a  enuipruative  point  of  \iew, 
ntlers  one  aspect  of  great  interest  and  some  dilliculty,  to  which  8ir 
William  Eolierts  has  called  attention^  It  is  renisirkabb^  that  the  wide 
ditterences  in  the  nature  of  the  rensd  excretion  in  niuniuiiils  ami  the 
Sairtopsiikf  respectively,  should  yet  ho  assofi?itcil  with  iilmo.st  cumi»li"to 
identity  in  the  anatonncal  structure  of  tlui  kidm%  Hie  kidni-y  of 
the  bird  has  a  glomerular  mechanism  idenlitMl  with  tb?a  of  tlie 
mammalian  organ,  and  the  same  tubular  arran.Lrenu'ut  i4  a  secretory 
epithelium  :  and  yet  practically  the  sole  fiUHdion  of  the  (>rgan  of  the 
bird,  in  contrast  tii  the  reiuarkably  mniplex  dntii's  jierforrneil  hy  that  td' 
the  maninuib  i!^  to  sec  ret  e  ipiadriur:Ues.  *'  The  clilurides,  jiliospluites,  and 
Btllphates,  the  lime  and  magnesia  mdts,  the  pignn  iits  and  the  laige 
volume  of  water — all  of  which  figure  as  ]»rinninenl  and  oven  essential 
components  of  mannualian  urine — are  either  wholly  ab,sent  from  the 
urine  of  birds  and  serpents,  or  are  only  ]>rcM'nt  in  such  minute  traces 
as  might  he  derived  from  the  hibriealliig  mucus  and  epithelial  debris 
with  which  the  secretimi  is  incidi'n tally  iid mixed  '  (Kobeii.s). 

The  phyBiidogicid  ditferentiation,  wherehy  soluhle  urea  tukes  the 
place  of  insoluhie  uric  acid,  in  accordance  witfi  llu'  luanh  of  an 
organism  excreting  a  liijuid  urine,  is  now  known  to  oeriir  cpnte  at  the 
filial  stages  of  metabulism.     It  is  almost  certain  that,  in  the  main,  tlie 
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waste  products  wlii<_'li  leave  the  tmHuen  are  the  ^iime  in  birds  nud 
iJiatmuKls.  In  tliii  liver  of  tlie  former  tliewe  prodiitas  are  prejiared  for 
excretion  by  a  eliange  intu  tlie  form  of  uric  ueiil,  while  in  the  biter 
the  hepatic  iiiHuence  prodiieeH  urea.  There  is  a  great  pieponderunce  ul 
experimeiitiil  evidence  to  show  that  when  uric  acid  is  adniinisterd  U" 
maiiiDials  it  is  converted  into  urea  before  excretion,  and  that  wlien  ui-ni 
is  given  to  birds  the  converse  chauge  occurs.  The  coiitentiou  of  Hni'^. 
that  when  niic  acid  is  taken  by  the  mouth  (in  nmn)  it  is  uxcmt'tl 
unchan)^rt*d,  is  not  sup]»orted  by  other  observers. 

Ay  to  tJie  yniall  (quantity  of  uric  acid  found,  nevertheless,  iii  the 
urine  of  mammals,  if  we  accept  the  theory  of  its  exclusive  origin  fwm 
nneleiuK,  it  is  clear  that  we  cannot  look  upon  it  as  in  any  senK 
phyaiologically  akin  to  the  main  part  of  the  normal  exci-etiou  of  Nnk 
for  this  muyt  rejaescnt  the  waste  nitroj^en  of  the  tissues  as  a  ul  h 
Ihit  tliin  theory  a]ijirt,  tlie  view  is  plausible, and  indeed  it  cannot  U  .nl 
to  be  yet  (hsiu'oved,  that  we  have  in  the  manuindian  uric  acid  a  vev?liyiiil 
relic  of  the  earlier  type  of  excretion — "  something  analogous  with  ilie 
veitniform  appendix,  the  ductus  arteriosus,  or  the  ear-point/*  The 
actual  proportion  present  in  the  urine  of  different  mammals  is  vm 
variable.  In  most  animals  the  relative  amount  is  less  tlian  in  man,  bat, 
except  occasionally  in  the  cases  of  the  cat  and  dog,  it  lias  never  been 
found  to  be  absent.  The  presence  of  the  small  amount  of  uric  acid  in 
tlie  urine  of  juannaals  is  paralleled  by  the  exiateoce  of  minute  quaiititii* 
of  urea  in  tliat  of  birds  ami  re]>tiles, 

Creatinin  has  been  found  wherever  looked  for  in  the  urine  of  varinah 
i^j>eeies  of  mannnals,  but  is  said  to  Ise  absent  from  the  excretion  of  bink 

Hi[>inu'ic  acid  is  represented  iii  birds  l»y  the  analogous  O'niiHJuni 
ornithuric  aidib  which  is  a  condensation  ]>rothut  of  betizoic  aci^l  with 
dinniiilovalerianic  acid,  kw  aromatic  aciib  apparently  peculiar  to  tbe 
mine  of  dogs,  is  known  as  kymo'enic  acid,  and  has  the  compoaition  ^ 
an  oxychhndin-earboxylic  acid  (OIl.CyH5N.COOH). 

The  large  proportion  of  hippuric  acid  in,  and  the  absence  «< 
ammonium  salts  from,  Irerbivorous  urine,  have  been  shown  in  previa. ^ 
set^tions  to  be,  in  comnnui  witlt  tJie  alkabne  reaction  of  the  fluid  .i^i 
its  richness  in  salts,  a  direct  effect  of  iliet. 

Of  the  urinary  pigments  in  the  lower  animals  we  have  no  aocuitte 
knowledge. 

It  is  impossible  at  present,  owing  to  the  wide  gaps  in  our  knowlerige 
to  take  any  broad  view  of  tlic  comimrative  chemistry  of  the  urine.    A 
series  of  analyses  are  much  neetted,  from  the  results  of  which  we  t*o 
form  some   judgment  as  to  tlie   line  of  evolution   which  has  Ici]  fi 
the  simple  renal  excretions  of  the  invertebrates  to  that  most  connJi 
of  physiological  fluids— mammalian  urine.* 

*  8pe  i>ii  tlie  subject  of  the  companitivL'  ulieiuistry  uf  the  urinc^  Rywi>9cU,  Wiiw.  1 
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COKTKXTS.— Tlieurits  of  Urinary  Secretion,  p*  639— Tlit'tn-v  vt  Bowiuaji,  [k  C39 — 
Theory  of  Ludwig,  p,  6-10— Secretion  uf  WaLivr,  p.  041— Metbotls,  p.  (i42— 
T}ic  ConceEtmtion  of  the  Urine,  ]>.  650  — Heiclenhaiii*?  Critici&m  of  tlie  Tlieoiy 
of  Ludwig,  p.  652— Experiments  of  XusH^mmnj  p.  (i55—  ExpinimentH  of  Hibbert, 
p.  thiU — Exneriments  of  Bradford,  p.  firiG— Tlut  Iiitlnenre  of  the  Nervous 
System  on  tne  8ecr«tiou  of  Urine,  }k  (j'jO, 


Theoiues  of  Urinary  Secretion. 


Tx  all  tlie  nrgaits  o!  the  IkhIv  whose  functions  hixe  ht'eii  iiivestigattMl  liy 

»j>hyhi<>logi5ts,  it  has  heeii  fuuiul  that  a  diUeieiR-e  of  fmictiou  is  iiivariahly 
associated  witli  a  (htierence  in  stnictiire.  80  that  the  intertiependc'iice 
of  function  and  structure  has  htjcoiiie  an  axiom.  We  are  therefore 
justiHed  ill  founchiig  theories  eoiieeruing  tlie  physiolugieal  fiinetioii  of 
ail  itrgan  on  a  ]nn"ely  anatomieal  study  of  its  struetnre,  altho^igh  tlie 
c^.implett!  estafjlishnient  of  sueh  tlieoiieK  must  ultimately  he  atlorded 
thy  ph}siulogii"ul  invetstigations. 

The  kidney  ilitlers  froui  all  other  seeretory  glands,  in  the  faet  that 
It  the  hhnd  end  of  its  tuhvdns  we  find  a  structure — the  glomeruhm — 
[where  t!ve  vast  uhir  ca]allaries  ahut  directly  on  the  lumen  of  the  tuhidus, 
Iwithout  the  interposition  of  auy  lymph  space.  Ever  since  the  }>uhlication 
[of  Bowman's  jmper  on  the  Jlalpighian  liodies  of  the  kithiey,  these  have 
I  been  looked  ujion  as  the  essential  Bonrce  of  the  watery  constituents  of 
[the  urine. 

Theory  of  Bowman.— BtAV man/  who  founded  his  theory  of  urinary 
forma ti<>n  exc  lusively  on  the  anatomical  stiuetme  of  the  kidney  in 
various  animals,  conchuled  that  *' as  tlie  talies  and  their  ]>1l'xus  of 
eapilluries  were  ]>robahly  th(?  parts  concerneil  in  the  secretion  of  thai 
iMjrtiun  of  the  urine  to  which  its  cdiaracteristic  [iropiertieH  are  due  (tlie 
uix^,  lithie  acid,  etc.),  the  Malpighian  l>odies  miglit  he  an  apiHtratus 
i  deatiiied  to  sepamte  from  tlie  Idood  the  watery  portion/' 

The    following   are    the   grounds    on    whitli    Row^man    kised    this 
hyix^thesib : — 

(rt)   77uit  the  tubes  arc  !>evirtor^, 

(1)  The  extent  of  surface  obtained  ]}\  the  jnvtdutions  of  the 
tubideB. 

(2)  The  fact  that  tlic  lining  mcmhrane  of  the  tuiades  is  formed 
Ijy  thick  epithelial  cells,  8imUar  to  those  found  on  the 
secreting  surface  <tf  all  true  glands. 

'  PkiL  TniTU!.,  Liuitlojj,  1S42,  p.  57. 
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(3)  The  capillary  network  surrounding  the  uriniferous  tubes  is 

tlie  counterpart  of  that  investing  the  tubes  of  the  testis, 
allowance  being  made  for  the  difference  in  the  capacity  of 
these  canals  in  the  two  glands. 
(/>)   That    the  Malin/jhian   bodies  differ  from   the   secreting  2^^^   ^/ 
true  (/lands. 

(1)  The  Malpighian  bodies  comprise  but  a  small  part  of  the 

inner  surface  of  each  kidney,  there  being  but  one  to  each 
tortuous  tube. 

(2)  The  epithelium  immediately  changes  its . charactei^s  as  the 

tube  expands  to  embrace  the  tuft  of  vessels. 
{'])  The  blood  vessels,  instead  of  being  on  the  deep  surface  of 
the  membrane,  "  pass  through  it  and  form  a  tuft  on  its 
fiee  surface.'* 

(4)  The  peculiar  arrangement  of  the  vessels  in  the  Malpighian 

tufts  is  clearly  designed  to  produce  a  retardation  of  the 
])1()0(1   through  them,  while  the  orifice  of  the  tubule   Ls 
encircled    by  cilia  in  active  motion  directing  a  current 
towards  the  tubule,  so  tending  to  remove  pressure  from 
the  free  surface  of  the  vessels  and  to  encourage  the  esc-ape 
of  their  more  fluid  contents.     "Why  is  so  wonderful  an 
ri]»[)aratus   placed  at  the   extremity  of   each  uriniferous 
tube,  if  not  to  furnish  water  to  aid  in  the  separation  and 
solution  of  the  urinous  products  from  the  epithelium  of 
the  tube?" 
The  ajjpearaiice  of  this  paper  fell  at  a  time  when,  led  by  Ludwig, 
IfelmlioUz,  and  du  l^ois  Keymond,  physiologists  were  endeavouring  to 
rej)la(*e  the  misty"  vitalistic  "  conceptions  whicli  liad  until  then  prevailed, 
i)y  an  accurate  eom])arison  of  vital  plienomena  with  their  physical  or 
cliemical  (Mjuiilcrparts,  and  seeking  to  establish  ])hysiology  as  an  exact 
experimental  science  on  a  par  with  pliysics.    It  was  im[)ossible,  therefore, 
that  tlic  views  of  Bowman,  devoid  as  they  were  of  experimentivl  founda- 
tion, should  remain  luiehallenged. 

Theory  of  Ludwig.— In  i(S44,  Ludwig^  put  forward  his  well-known 
meclianieal  theory,  foi*  the  establishment  and  testiuL,^  of  which  a  large 
voluiue  of  woik  has  been  done,  the  greater  pai1  under  the  direction  of 
Ludwi;_r  himself.  According  to  this  theory,  all  the  eneigy  for  the  secretion 
of  urine  is  ultimately  derived  from  the  lieail-beat.  In  ccmsequence  of 
the  biudi  ]»ressure  obtaining  in  the  capillaries  of  the  glomeruli,  a  fluid 
is  tillered  tbrouLrb,  e()ntaining  all  the  constituents  of  the  urine  in  very 
dilute  solution.  This  dilute  solution  ])asses  down  tlui  tubules,  and  in  its 
jtassauc  undcriroes  changes,  in  conse([uenee  of  ditVusion  between  it  and 
the  lluid  (lymph)  surrounding  the  tubules.  Since  water  will  always 
pass  fmni  a  dilute  to  a  more  concentrat(^<l  lluid,  and  since  the  glomerular 
liltiate  is.  accoidinii;  to  the  theory,  ]»ooier  in  solid  constituents  than 
the  serum,  \\at('r  will  ]»ass  from  urine  to  lymjdi,  and  the  urine  will 
become  ni«»i"e  coiicentriiteil  until  it  ac(piir(\s  the  normal  characters  of 
mine. 

In  tbis  theory  of  Ludwig  tbei'e  are  tbiee  distinct  ])i'0])ositions  to  l>e 
invest ii^ated.      'i'liese  are — 

1.  That    the    secretion    of    water    is    a    })urely    mechanical    j>rocess. 

'  Wa,'iiri\   "  ll.iii(]\v..it.il.u<li,"  ISll,    lid.    ii.   S.    G>7  ;   "  Lrlnhudi  der  Pliv.siolo^nr.' 


r 


SECRETIOA'^  OF  U'ATER, 


641 


depending  only  on  the  blond   pressure  in  the  glomerular  eapillnriea 
and  the  permeability  of  the  filteriii<^r  inemliraiie. 

2.  That  this  dilute  urine  is  eouL'eiitrated  in  the  tubules  by  giving  up 
its  water  to  the  KurnmiiiliDg  lyuipli,  m  euuse([ueu(e  of  diHereiices  of 
concentration  lietween  tlie  glomerular  filtrate  anil  tlie  lyuiplu 

3,  That  all  the  uiinary  emistLtuents  are  turned  out  of  the  blofMl 
through  the  gkuiieruli  {ir.  with  the  water)  hi  dilute  a^ilutiou. 

In  discussing  tlie  experinieutal  data  bearing  ou  these  propositions, 
we  shall  find  that  only  in  the  tinst  part  «if  the  theory  are  the 
experimental  facta  cfuisiumut  witli  Ludwign  hyi>otliesis,  and  that  it  is 
impossible  to  explain  the  fnruiatiou  of  normal  urine  witln>ut  assuming 
the  active  intervention  (ir.  the  performance  <A  work)  by  certain  of  llie 
li^nng  elements  of  the  kidney  in  the  jjrocess.  In  this  case,  as  in  so 
Diauy  othera  in  physiology,  the  *' !iow "  of  the  cellular  activity  is 
at  present  absolutely  imknuwn  to  us,  althougli  we  may  (MiuHdently 
expect,  with  the  advance  of  tljc  science,  to  lie  able  to  trace  the 
manner  in  which  the  cell  utilises  the  energy  of  it«  fooil  for  this  special 
purpose. 

Secretion  of  water.— One  of  the  strongest  facts  in  favour  i>f  Ludwig's 
hy]:»othe9is  is  the  indubitable 


connection  which  existn  be- 
tween the  circulaticm  thruugh 
the  kidney  and  the  amount 
of  urine,  u\  of  water,  secreted. 
It  us  evident  that  a  mechanical 
tiltration  or  separation  of  the 
wat-ery  and  crystalloid  consti- 
tuents of  the  Idood  m  tlie 
glomeruli  must  dejiend  on  twn 
fiictors^ — 

1.  Tlie  difference  of  pres- 
enre  l>etween  the  blood  in  the 
glomerular  capillaries  and  the 
nrine  in  Bowman's  (^ai»sule. 
Sinc^  under  normal  circum- 
stances there  is  a  free  outflow 
of  urine  from  tlie  capsule  by 
means  of  the  tubules,  we  may 
r^pard  its  pressure  as  praeti- 
cally  nil,  80  that  the  only 
chaiigealde  factor  in  the  pro- 
cess will  be  tlie  blood  pressure 
in  the  capillaries. 


h  '-T 


I  -./. 


Fm.  59.— Roy's  onoomt^ter.    (For  exiiluimtiou  nf 
Icltinu*(,  see  mxt  figare.) 


2.  The  rapidity  of  the  blond  How  through  the  glomeruli  must  also 
liave  some  influence  on  the  filtratiiju,  as  tiris  pnicess  will  go  nn  the 
more  readily  the  more  often  tlie  fluid  presented  to  the  filter  is  renewed 
As  a  rule,  tiie  changes  tliat  raise  the  jircssun'  in  the  capillaries  also 
increase  the  velocity  of  the  bloinl  through  tlicm,  so  tliat  it  bi*comes 
dirtieult  to  dissociate  the  pail  ]>laycd  hy  each  farlttr  in  inlluencing  the 
urinary  secretion. 

If  we  consider  the  manner  in  whicli  I'banges  in  the  glomerular 
circulation  are  brought  about,  we  sre  that  it  may  be  a  fleeted  l»y  changes 
either  in  the  general  Idood  jircssinc  or  in  the  caliljre  of  the  smaller 
vou  I. — 41 
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arteries.     The  ])ressuie  in  the  glomerular  capillaries  will  l)e  raised  and 
the  velocity  of  the  blood  increased — 

1.  Ws  a  rise  of  general  blood  ])ressure.     This  may  be  due  to — 
(rf)  Increased  force  or  frequency  of  the  heart  beat ; 

(/>)  Constric'tion  of  vascidar  areas  in  other  parts  of  the  body. 

2.  \\y  dilatation  of  the  renal  arterioles,  the  general  blrxwl  pressure 
remaining  c()nstant. 

3.  J^y  obstruction  of  the  renal  vein.     In  this  ciise  the  vel<x:ity  will 
be  diminislied. 


Y\v..  »'t".  Dia^T.imiiiatic  sf'i-tion  t]in»uf;li  Koy'.s  oin'omctor,  to  show  ]>osifif»ii 
of  kidiK-y.  .-/,  outiir,  and  1),  innor.  hrass  capsules.  These  are  fixr<l 
t<j;;<th«T  l>y  the  si-rew  i\  r/,  the  kidney.  />.  a  elanip  for  fastening 
tlf  two  halves  to<:etlnT  after  the  kidney  lias  heen  ins(}rted.  A',  renal 
ve.^sils  and  un?ter. 

The  jiirssun*  and  velocity  in  the  gl(.)nierular  ca[)illarics  will  b»* 
(liiiiinishjMJ   - 

1.  r.y  (liiiiiiiisluMl  trciKM'al  lilood  ]>r(?ssure,  wliieli  may  arise  frnm 
a  wcakciiiiiLr  <>r  slnwiuLj  of  the  lieart-beat,  or  from  dilatation  k\{  vaseulai 
areas  in  other  ]»aits  cd'  the  body. 

-.    r>v  const  lid  ioii  of  the  ve.s>(']s  in  llu*  kidnev  itself. 


Methods. —  In    tlic    earlier    re.-carelics  ^   on    tlio   ((aniectinn    bctwocn    tli»* 
renal  ••ir<ul;it.inn  and  the  llnw  nf  the  nrin(%  the  nliscrvcrs  jiatl  to  cnntvnt  tlien.- 

'Ma\  Il.rm.uin.  Sif.x n-js),.  >1.  /.  Jl.nJ,  ,f ,    //'/.vsv,;m-A..  Wien,  l^r.l>,  lid.  xxxvi.  S.  :J4'.'  ; 
]^«.n,  Vy\.  xlv.  S.  :;17  ;   l\tiiu«t\\its(h.  Arh.  n.  >L  j'Ji'i^uJ.  Jn^t.  ://  L'ijnl'j,  1S70. 


METHODS. 


643 


selrefi  witli  a  meuimment  of  the  general  blood  pre?^sure,  and  could  only 
obtain  direct  evidence  as  to  the  local  chan«,^e.^  in  the  renal  eiruvilation  by 
inipectioQ  of  the  kidney.  It  wa^  not  until  the  ingenious  application  of 
jileehysinograpliic  methods  to  the  kidney  in  nift/,  by  Roy/  that  we  could 
obtain  a  precise  and  quantitiitive  estimate  uf  the  ehan^^es  produced  on  the 
circulation  through  thia  organ  by  the  meu>iures  enipli>yed  by  thi^  oltler  tOwerverH. 
Roy 'a  instrument  for  regisiering  changes  in  the  v<4ume  af  the  kiilney 
crmsifits  of  two  piirtii,  in  one  ut  which,-  tin?  oncoTncter,  tlie  kidney  is  plaec<i, 
while  another^  called  the  oncogmph,  serves  as  the  recnnling  part  of  the 
apparatus.  The  oncometer  eousists  of  twn  halves  hinged  Lr»gether,  each  of 
which  is  formed  of  two  meUd  cap^^ules  jicrewt'd  tngether  by  the  screw  C^  and 
holding  betwt*en  them  the  membrane  //.  Th*^  iwn  ludves  thu8  fimu  a  l>ox. 
Wlien  the   two  hidve8  are  ap- 


^pp 


-<7 


4 


1 


Fin 


pntximat^il,    the  box  is  closeil 

except  at  one  p^ant  A',  opfios^ite 

the  hinge,   where    there    is  an 

opening  u*  allow  the  [Missage  uf 

the  renal    vessi^bs   and    ncrvi*Sj 

and  the  ureter  ti*  the  kidru*y, 

which  i»  placed  within  tlo^  Imjx, 

During  use,  the  space  betw*'en 

tbe  mt^mbrane    ami    the    ini^tal 

Kix    m    tilled    with    waruj     oil 

through    the    iJjHP'ning    in    tin- 

screw.    The  upeuing  in  one  half 

b   then    clo'ii^d    with    a    jihig, 

while  the  other  eonnnunituates 

by  a  tube   A',  with    the  onc«v 

gmpL     It  is  evident  that  any 

change  in   the   volume   of   tbi* 

kidney   will    l>e   communiratpd 

to  the    oil   U'twiMvu    the    nieui- 

liniii e  and  tb e  va\ j^ks u  1  e ,  oil  Vie  i  n g 

J  riven    out     into    the    tidK^    /, 

whea   the    kidney   swell 3,   and 

b*'in;»  sucked    in    directly    any 

.*hriaking  of  tbe  kidney  occurs. 

Th*'  oncogmph,  which  in  prac- 

^t^ally    a     piston  -  reconler,     in 

vrliich  the  piston  is  made  oil-tigbt  by  resting  ou  n   lousr  pt^rit^niral  nirmbraro" 

tier!  Diund  the  tulH>,  scrvi  s  to  register  tlic  nniount  of  oil  dnvcn  out  or  sucked 

iati>the  nnrometer,  and  therefore  at  the  siruf  time  the  rhanges  in  the  vohime 

of  the  kidney. 

A  simpler  and  more  efReacious  form  of  imtonif-tcr,  in  whirh  ;nr  instnel  of  oil 
i«ti?ed,  bas  been  devised  by  Scbiifer-  for  tin-  sphen,  hut  i-  equally  Mpplirahle 
to  tbe  kidney.  A  desi^ription  of  it  will  be  found  in  tbe  section  dealing  with 
Ibe  phyaiology  of  the  circulation, 

Ncrvf  sifppfif.—hvitnx'  diwcnssinj^^  tbe  eft'pcts  of  V(irit>tiH  operative 
proce<hirf*s  on  the  eirculation  of  the  kidney,  it  will  be  la^eeHsury  in  my  a 
few  wordn  coneerniiig:  tlie  nerve  siipjdy  to  this  cngjin,  since  its  vessels^ 
like  those  of  all  other  parts  of  the  body,  ;tre  under  tlu^  direct,  cnntiel  of 
the  central  nervous  system. 

Tbe  gro88  distribittiim  cd'  in*rves  In  tbe  il«»g's  kidney  has  been  the 
subject  of  a  mrefiil  iiivestig:;Uicui  by  Nollner^*  in   Eckbartrs  laboratory. 


iJl.  —  Hoy's  oiiinjy;i(ipli.  nia;;iaiiilJtjilir  Motion. 
Thr'  cybiidvr  M  in  lillnl  wiUi  oil,  und  rom- 
mioiifiit'N  l»y  ihv  OiIk-  K  uilh  (hf  omnineter* 
t  iiiiiigt's  ill  tlsc  In  i;;ht  nf  tin-  uil  nYo  <  fjrntmuii* 
viiXM  Vy  thi'  piston  It  U^  \hv  Icvrr  //the  ex- 
rtirsioas  i>r  vvbif"]i  stTvt*  thrrfforc  a.^  :ui  index  of 
tlie  ehnugf^  in  vkIiuim-  <>(  thf  kidnL'V, 


^  Jmtm.  Physiol.,  Caiidrndgf  ami  Luridoe,  voL  iii.  p.  : 
"'  BcUr,  :.  Antd.  «.  PhjniijL  {Eckhard],  Giesaeu,  1S09. 
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The  course  taken  by  the  nerves  is  very  variable.  The  nerves  are  derived 
from  the  sympathetic  chain.  From  the  ganglia  lying  on  the  bead  of  the 
thirteenth  rib,  or  from  the  cord  immediately  below  this,  is  given  off  a 
large  nerve  (larger  than  the  continuation  of  the  sympathetic  chain), 
which  perforates  the  crus  of  the  diaphragm,  and  is  called  the  large 
splanchnic  nerve.  Between  this  ganglion  and  the#next  two  or  three 
ganglia  below,  are  given  off  three  or  four  smaller  filaments,  known  as  the 
small  splanchnic  nerves.  (It  must  be  noted  that  this  terminology  is  not 
comparable  with  that  employed  in  human  anatomy,  where  the  term 
splanchnics  is  confined  to  the  nerves  given  off  by  the  sympathetic  chain 
while  in  the  thoracic  cavity.)  These  large  and  small  splanchnics  form  a 
plexus  situated  behind  the  suprarenals,  and  from  which  filaments  are 
given  off  to  the  coeliac  and  superior  mesenteric  ganglia  and  solar  plexus. 
From  the  plexus  behind  the  suprarenals  arise  a  number  of  filaments, 
which  form  a  meshwork  in  the  fat  and  connective  tissues  between  the 
suprarenal  and  kidney,  and  then  pass  to  the  kidney  around,  and  closely 
applied  to,  the  renal  artery. 

According  to  v.  Wittich,^  the  renal  nerves  in  the  rabbit,  dog,  and  man 
consist  of  two  parts ;  one  part  of  them  forms  a  plexus  closely  investing 
the  renal  artery,  while  the  other  consists  of  several  filaments  which  enter 
the  kidney  i)arallel  to  the  vessels,  and  can  be  traced  along  these  as  far 
as  the  cortex. 

The  termination  of  these  nerves  in  the  kidney  has  been  recently  inves- 
tigated by  Berkeley,^  using  Golgi's  method.  He  finds  that  from  the  vascular 
nerves  line  filaments  arise  to  be  distributed  throughout  the  cortical  and 
medullary  regions  in  the  form  of  a  vast  open  network.  The  glomeruli  are 
surrounded  by  a  wide-meshed  plexus  of  fibres,  having  terminal  end  knobs, 
approximated  closely  to  Bowman's  capsule,  but  not  penetrating  that  membrane, 
nor  passing  to  the  glomerular  capillaries.  Fibres  also  pass  off  from  the  vascular 
plexus  to  be  distributed  upon  the  convoluted  tubes,  with  terminations  which 
penetrate  the  nieml)rana  propria  of  the  tube,  presumably  to  enter  the  cement 
substance  between  the  epithelial  cells.  Berkeley  looks  upon  these  latter  nerves 
as  j)rol)ahly  secretory  in  function. 

With  r(\irar(l  to  the  connection  of  the  renal  nerves  with  the  central 
nervous  system,  Bradford  ^  has  shown  that,  so  far  as  the  efferent  nerves 
to  the  renal  vessels  are  concerned,  these  leave  the  s])inal  cord  through 
the  anterior  roots.  Most  of  the  fibres  are  contained  in  the  eleventh, 
twelfth,  and  thirteenth  dorsal  nerve  roots. 

IiijhK'nrr  of  hloud  jlmr  on  srcrdion  of  vrinc. — "VVe  are  now  in  a 
position  to  consider  the  influence  exerted  by  changes  in  the  circuhition 
tlirou;^di  the  kidney  on  the  secretion  of  urine.  It  nnist  be  remembered 
that  a  rise  of  <r(*neral  blood  ])ressure  does  not  necessarily  c<arry  with  it  an 
increased  picssure  in  the  j^donierular  capillaries  or  an  increased  Idood  flow 
tlirouL,di  the  kichiey.  Thus,  under  many  conditions,  a  rise  uf  general 
blood  ].irssui'(,'  is  brought  about  by  a  constriction  of  all  the  visceral 
arteries,  iiichidiug  those  of  the  ki(lney,  and  such  constriction  is  more 
than  snlliciont  lo  counteract  the  eflects  of  the  increased  blood  pressure. 
If  we  take  a  tracing  of  the  kidney  volume,  for  instance,  in  asphyxia,  we 

^  K..iiirrs],(r<r(r,  Mr(/.  JtfJirh.,  Wicii,  1S60,  Bd.  iii.  S.  .'')2  (quoted  from  Hcidenliain  in 
Herrnanirb  "  irindl.iR-li  "). 

-Jovni.  J'afh.  (tnd  lUiderioJ.,  K<iiii.  and  London,  1<^'J3,  vol.  i.  p.  406. 
'•^Jouin.  /'/(ifsioL,  Canibrid«'(' and  London,  18M>,  vol.  x.  n.  3r»8. 
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find,  coincident  witli  the  rise  of  general  blood  pre^siu'e,  a  markefl 
shrinking  of  the  kidney*  On  the  other  liquid,  a  dilaUttion  of  the  renal 
vessels  uiay  lie  ineftectual  to  produce  an  increaseti  How  tlirough  this  or^fan, 
if  at  the  same  time  there  is  a  large  fall  of  general  Idocid  pressure  due 
to  clilatation  in  other  parts  of  the  liody.  We  may  coneider,  in  the  tirBt 
place,  experimenta  in  which  the  chief  change  liits  been  io  gpnenil  Mood 
pressure.  It  ia  fovmd  that,  if  the  aortic  pressure  sinkxS  below  40  iiini.  Hg, 
the  urinary  secretiozi  Bto|)S  absolutely,  So  long  as  the  aortic  pressure  is 
above  this  height,  the  Keeretion  is  more  or  less  proportiorjal  \^\  the 
prei5sin'e,  and  ebangcs  with  tlie  cbatigus  in  tbis  pressure.  Thus,  if  we 
stimulate  the  vagus  in  the  neck,  using  uurreuts  sutliciently  strong  to 
prmhice  a  slowing  of  tl*e  heart -V^eat  and  a  fall  of  bluod  pressure,  there  is 
a  shrinking  of  the  kidney  and  a  diunnutiiui  in  the  urinary  linw  (Uoll). 
Tliat  tliii?  diminution  in  the  flow  is  ciirectly  conditioned  by  tlie  cliange  in 
blood  pressure  chie  to  the  cardiac  inhibition,  is  shown  by  the  fact  that 
stimulation  of  the  vagi  below  the  ihaj^hragui  is  withnnt  etVeet  on  the 
urine  (Eckbaiil). 

We  may  also  alter  the  aortic  pressure  liv  bleediug  the  aniuial  to  a 
considerable  amount,  and  later  on  reinjecting  the  [jlood  so  withdrawn. 
It  is  found  that  after  the  bleeiling,  while  the  liloo<l  pressure  is  cUniinislietl, 
the  flow  of  urine  is  also  lesseiu^il,  l»ut  the  Ihiw  increases  when  tlte  lilood 
pressure  is  raised  by  reinjecting  t!ie  binnd  whieb  \\\\A  been  withdrawn. 

If  the  aiutie  ]u'essure  he  raised  by  ligutming  a  uiiiohor  uf  the  larger 
arteries,  the  increased  flow  of  blood  througli  and  the  increased  ^tressiue  in 
the  kidneys  are  attended  with  increaseil  secretion  of  urine.  Thus  in  one 
exfierinient  in  which  (iolP  ligatured  bfith  earotids,  both  feiuorals,  and 
iMjth  ascending  eervical  arttuies,  the  urine  was  increased  from  8 "7  grms 
in  30  niinutes  liefore  tlie  ligature,  to  'l\'l  grms.  after  the  ligature,  while 
the  pressure  in  the  amta  was  raised  fmni  1:^7  to  142  mm.  ]lg. 

hirisioti  of  fhr  spiitfd  cord. —  If  the  s])inal  cord  be  ihvided  in  the 
upj)er  cervieai  region,  the  result  is  a  great  fall  in  general  blood  pressure, 
which  may  be  as  low  as  30  to  40  mm.  Hg,  In  all  cases  where  tl)e  blood 
pressure  falls  lielow  40  nnn.  Hif,  the  How  of  urine  is  absolutely  abohshed. 
Since  the  renal  vessels,  hke  thosp  of  all  other  juirts  tii  the  body,  are  kept 
in  a  eonditinn  of  tone  l>y  im|ndses  drscL'iHhng  frcuu  tbo  vasninutju*  centre 
in  the  medulla,  divisi<in  of  the  path  i*f  these  inijiulscs  most  cause  a 
relaxation  of  the  renal  vesstds,  whit  h  liy  itself  wc^uld  tend  to  occasion 
increased  hlood  pressure  in  the  glomeruli.  As  a  result  of  the  section, 
however,  tlie  vessels  all  over  tlie  borly  are  relaxed,  so  that  the  capacity  of 
the  vascular  system  is  increased  iunl  the  ]>eripberal  resistanee  diminished, 
l^M>th  factors  coucurring  b>  jiroduee  tlie  largt-  fall  tvf  pressiue  olisorved. 
This  fall  of  pressure  is  more  th:in  suHieient  to  rouTiterbahince  the  hical 
remd  ildatation,  so  that  there  is  diminished  blood  Ihiw  tlirough  ttie 
kidney,  as  is  shown  by  the  marked  shrinking  nf  the  nncniactrie  eurve  of 
the  kidney  on  secti<ai  of  the  cord. 

Stimuktiian  njtlw  ronl} — If  the  peripheral  end  of  the  divided  eord  be 
stimulated  with  an  induction  cnrrent,  universid  eonstrictinn  of  Uic  ldoo<l 
vessels  ami  a  large  rise  of  hliHiil  [>ressure  are  prudueed.  This,  however,  is 
inconipetent  to  bring  back  the  urinary  tii»w  which  has  been  iibolished  by 
the  previous  section,  sinr-e  the  renal  vessf  Is  eonciir  in  the  general  con- 
striction, and  the  kitlney  shrinks  still  further  in  siate  of  the  raised  blood 
pressiu^e.  If,  however,  tliis  hfcal  ciuistriction  be  jirevented  by  previous 
*  Ziachr.f.  rat  Med,,  18.v4,  N.  F,.  M.  iv.  S.  M  (qiiutttd  by  Heidenhain). 
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division  of  all  the  renal  nerves,  stimulation  of  the  cord  causes  a  large 
expansion  of  the  kidney  and  brings  back  the  urinary  flow. 

Inflaenee  of  the  splanchnics} — The  eflects  of  stimulating  the  splanch- 
nic nerves  are  very  similar  to  those  obtained  from  the  stimulation  of  the 
cord.  As  in  the  latter  case,  a  large  rise  of  general  blood  pressure  is 
produced,  but  the  constriction  of  the  renal  vessels  more  than  counteracts 
the  effects  of  tliis  rise,  so  that  the  kidney  shrinks  and  the  flow  of  urine 
is  diminished  or  aboUshed.  The  effects  of  dividing  the  splanchnics  vary 
in  ditt'ereiit  animals.  In  the  rabbit,  where,  in  consequence  of  the  extent 
of  the  vascular  area  suppUed  by  this  nerve,  a  considerable  fall  of  general 
blood  })ressure  is  produced,  no  increase  in  the  urinary  secretion  is 
ol)serve(l.  In  the  dog,  on  the  other  hand,  the  lasting  effect  on  the  aortic 
pressure  is  insignificant,  so  that  the  relaxation  of  the  kidney  vessels 
caused  by  the  section  induces  a  largely  increased  flow  through  this  organ, 
and  a  marked  increase  in  the  flow  of  urine. 

Injiae nee  of  renal  nerves. — ])ivision  of  the  renal  nerves  on  one  side 
causes  vasomotor  paralysis  in  the  organ  of  that  side.  The  kidney  there- 
fore swells,  and  the  flow  of  urine  is  increased.  The  swelling  and 
secretion  is  still  further  increased  if  the  general  blood  pressure  be  raised 
by  stimulation  of  the  splanchnics  or  spinal  cord.  Stinmlation  of  the 
renal  nerves  causes  constriction  of  the  vessels  and  diminished  flow  of 
urine. 

Bradford-  has  brought  forward  evidence  to  show  that  vaso-dilator 
fibres  run  to  the  kidney  with  the  constrictors,  in  the  eleventh,  twelfth,  and 
thirteenth  dorsal  nerve  roots.  If  the  anterior  roots  of  these  nerves  be 
stimulated  with  inchiction  sliocks,  repeated  at  the  rate  of  one  jKir  second, 
the  effect  is  often  a  marked  swelhng  of  the  ki(hiey  without  any  rise  of 
blood  pressure  sufficient  to  account  for  the  enhirgement.  A  similar 
active  dilatation  of  the  vessels  may  be  brouj^lit  about  reflexly  by  stimulat- 
ing the  ]M»stcrior  roots  of  these  nerves.  AVe  have  no  direct  experimental 
evidence  as  to  the  influence  of  this  active  vascular  dilatation  on  the 
renal  secietion,  although  it  is  extremely  ])robal>le  that  a  similar  condi- 
tion is  the  chief  factor  in  the  production  of  the  extreme  hydruria  met 
with  in  hysteria  and  other  ncivoiis  allections. 

Ci>/fs//'ir/l(t/(  of  vi  iml  arte  I'll. —  In  some  of  the  earliest  researches  on  the 
connection  Ix'tween  the  blood  flow  through  the  kidney  and  the  urinary 
secretion,  it  was  songlit  to  all'ect  the  circulation  by  direct  mechanical 
constiiction  of  the  renal  artery.  Hermann,^  who  carried  out  exj)eri- 
nients  of  this  nature  under  Lud wig's  guidance,  showed  that  when  the 
artery  was  cDiistricted  to  a  considerable  extent,  the  result  was  a  dimin- 
ished flow  of  urine.  If  the  constriction  were  carried  so  far  that  the 
circulation  of  the  kidney  was  entirely  sto])pe(l,  the  flow  of  urine  instantly 
ceased.  So  far  these  results  are  those  one  would  expect  on  the  filtration 
hyp<itliesis.  It  is  found,  however,  that  the  flow  of  urine  is  not  reslfU'ed 
at  (uicc  on  i-elie\  inu'  the  constriction,  and  that  after  a  few  minutes'  total 
cessali<ni  of  tlie  renal  circulation,  more  than  an  hour  may  elapse  between 
the  ri^stoiation  of  the  circulation  and  the  reconmiencenient  of  the  secre- 
tion. We  ha\'c  ^i'vw  that  in  the  case  of  lyin])h  foi'uiation,  where  a 
])i-ocess  of  liltialion  almost  certainly  comes  into  ]>lay,  a  tenqK.frary 
jscha  luia   increases  the  ])ernieahility  of  the  vessel  wall,  so   that,  cm   the 

^  Sec  csperiullv  Kckliar.l,  /AvV/-.  :.  AnaL  u,  I'lufsio!.  iKi'lchnrd),  Gicssen,  1861^,  Hil.  iv. 
S.  VVl,  and  l.VJ-UKi. 

-  L»c.  clt.  '•'  Loc.  cit. 
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flidwequent  restoration  of  the  blood  flow,  the  amoiuit  of  lymph  trauBuded 
is  greater  than  l*efore  the  ligature.  In  the  kidney  the  reverne  \%  the 
c&se  A  teinpcjrary  ischii-inia  almhshes  the  tluw  fur  a  eonaiderahle  peritjd 
after  the  tjlistruetinii  has  lieen  reheved.  This  fact  shows  that,  for  the 
normal  production  of  wxxmi,  tlie  integrity  of  the  living  cells  between  the 
bL Kid  ami  Bowman's  capsule  is  necesmry ;  hut  I  do  not  think  that  it 
can  be  looked  afwin  as  tie  finitely  prrnHng  the  active  co-operation  of  these 
cells  in  the  process.  In  tlie  kidney  we  have  two  layers  of  cells,  the 
VBSCular  endotfichuiii  and  the  glomerular  epilheliiuiu  intervening  fiefcween 
the  bloo*!  and  urinary  tulnde,  and  we  have  iiu  evidence  iw  guide  as  as  to 
the  effects  of  tem]Kmiry  ischLcuiia  on  tlie  gliaacrular  cpitheliuin.  We 
know  t!iat  in  a  certain  sense  it  heccmies  more  permcahlej  iuasniuch  as 
the  nriiie  winch  is  first  secreted  after  the  restorittion  (»f  the  circulation 
contiiins  alhuniiii,  which  may  he  traced  on  its  way  through  the  gl<inie- 
rular  epitlielinm  into  the  ciipsule.  Bat  tins  fact  in  itscH'  might  tend  to 
imi>ede  tlie  tiow  of  water  throagh  the  gloim:ruiar  mcmliriiues. 

Lifjninn  nf  renal  rdn.—Xw  the  case  ui  lynipli  furmatioii,  a  rise  of 
venons  pressure  tends  to  increase  the  amount  of  lynqih  juiidnced.  In 
the  kidney,  ligsitare  of  the  renal  vehi  stups  the  iKiw  of  urine  at  f»nce, 
although  it  must  send  u]i  the  ])ressure  in  the  glomerular  cu]allarieH  to  a 
height  approaching  that  <if  the  renal  artery.  Now,  in  t!iis  case  there  are 
three  factors  which  miglit  he  eonccined  in  tuiusing  the  cessatiiin  of 
secretion:  the  hlood  tiuw  tlirnugh  the  kidney  is  clict^ked:  the  cells  nf 
the  glomerular  epitlielinm  are  aHphyxiatcil ;  nnd  the  cngnrgement  uf  tlie 
remil  %cuis  causes  tlie  interlolMilai^  veins  to  swell  up  and  press  on  the 
adjoining  collecting  tuhules.  lfei<lenlunn  lays  most  stress  on  the  tirst 
fact<jr,  and,  relying  mairdy  on  this  ex|>erimeiital  result,  cuncludes  that 
the  chief  agent  in  exciting  glmncrular  aetivity  is  imt  \\w  Itlond  pressure 
in  the  glomerular  capillaries,  Init  the  ia]>idity  nf  the  llow  through  tlje 
capillaries.  Uii  the  other  hand,  Ludwig  h:is  slinwii  that  the  elVect  tif  the 
swelling  of  the  interlobular  veins  is  to  nljstruct  the  uiininy  tuhules ;  and 
he  looks  npiui  the  cessation  of  How  as  entirely  due  to  this  mcclaiinc4il 
obstruction.  It  is  imyiossihle  nt  present  to  ticcide  whicli  nf  these 
explanations  is  correct,  nr  indectl  whi'ther  nil  of  tlieni  may  not  he 
involved. 

Aetiftfi  of  dutrrfirs. — Since  the  njEtin  oirne  <>f  the  kidney  is  to  assist 
in  maintaining  the  normal  constitutir>n  of  tlic  hlnnrl  by  freeing  it  from  the 
waste  pruducts  of  tissue  metabolism,  we  shuuM  expet^t  it  to  react  ami  to 
be  sensitive  to  slight  changes  in  the  composition  of  the  hltiod.  Asa 
matter  of  fact,  we  tind  that  such  is  the  case,  and  tluit  the  easiest  way  to 
excite  the  urinary  flow  is  by  altering  the  eomimsition  of  the  hlood, 
through  tlie  adnnnistirUion  of  large  ipianlities  tff  water,  or  of  certain 
drugs  which  are  known  as  diuretics.  Of  these  hotlics  tlie  laily  ones  we 
need  discuss  are  the  large  class  known  as  saline  diuretics  and  the  <lrugs 
cattein  and  digitalis. 

Sal  hie  diuretics  include  practicallv  all  crvstsdloid  substances,  which 
can  be  injected  into  the  blood  in  eonsider^dile  <[uantities.  As  exam] ties, 
we  may  cite  urea,  dextrose,  sodium  chli>riile,  potassium  nitiate,  sodium 
acetate,  etc.  If  these  Itodies  be  injectetl  into  the  bloful,  a  very  coj)iou8 
Becretion  of  urine  is  sooii  evoked,  even  if,  ]ireviously  to  tlie  injection, 
the  see  re  ti  on  had  i>een  at  ii  standstilh  In  experiments  itn  the  excised 
kidney,  it  has  in  most  cases  been  found  necessary  to  add  urea  or  some 
other  subsUnce  of  this  gioup  to   tlie  detiluinated  hlooil   used  fur  the 
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artificial  circulation,  before  any  secretion  could  be  obtained^  On 
inquiring  into  the  mode  of  action  of  these  bodies,  we  find  that  their 
injection  is  followed  by  a  slight  rise  of  blood  pressure  accompanied  with 
a  marked  expansion  of  the  kidney,  and  this  expansion  lasts  throughout 
the  period  of  increased  urinary  flow.  These  effects  are  observed  even 
after  all  the  renal  nerves  have  been  severed,  so  far  as  is  practically 
possil)le,  and  it  has  therefore  been  concluded  that  the  changes  in  volume 
of  the  kidney  must  be  due  to  the  substances  acting  either  upon  some 
peripheral  vasomotor  mechanism,  or  even  more  directly  upon  the  blood 
vessels  themselves.  Since  the  increased  secretion  of  urine  is  cotermin- 
ous with  the  increased  blood  flow  through  the  kidney,  it  is  natural  to 
})lace  these  two  events  in  the  relation  of  eflect  and  cause.  To  this  con- 
clusion it  has  been  objected  that  one  may  frequently  observe  an  absolute 
standstill  of  secretion,  with  a  high  aortic  blood  pressure  changed  into  a 
copious  secretion  by  the  injection  of  one  of  these  bocUes,  although  the 
blood  pressure  has  been  practically  unaltered.  Heidenhain  and  others 
with  him,  therefore,  look  u^Don  the  action  of  these  bodies  as  secretomotor. 
Against  the  specific  secretomotor  action,  either  of  urea  or  of  the  salines, 
the  following  arguments  may  be  brought  forward.  V.  Limbeck*  has 
shown  that  the  })ower  of  these  bodies  to  induce  urinary  secretion  on 
injection  into  the  blood  stream  is  proportional  to  their  power  of  attracting 
water  (  Wnsi>cranzieliurujHvcrmb(jcn),  and  is  thus  a  function  of  their  mole- 
cular weights.  Now  it  lias  been  proved  ^  that  the  result  of  injecting  these 
bodies  into  the  blood  is  to  cause  an  active  flow  of  water  from  the  tissues 
into  the  blood,  which  therefore  becomes  diluted  to  an  extent  varying  with 
the  osmotic  pressure  of  the  substances  injected.  The  final  eflect,  there- 
fore, is  the  same  as  if  a  solution  of  the  substance  isotonic  with  or  normal 
to  the  blood  had  been  injected  into  the  circulation,  and  a  condition 
of  liydnemic  jilethora  thus  induced.  We  know  that  a  condition  of 
hydnumic  plethora  is  associated  with  dilatation  (especially  of  the  visceral 
vessels),  j^'eneral  rise  of  ca[)illary  and  venous  ])ressures,  and  increase<l 
ra])i(lity  of  blood  How.  The  fact  that  the  diuretic  action  of  these  bodies 
is  ])roportioiial  to  their  osmotic  pressures,  implies  that  it  is  also  propor- 
tional to  the  hydra'inic  ])lethora  ju'oduced  by  tlie  injection;  and  it  seems 
probable,  therefore,  that  the  plethora  is  the  chief  agent  in  causing,  first, 
the  vascular  changes  in  the  kidney,  and  secondly,  the  diuresis.  If  these 
bodies  acted  as  s])ecific  stinndants  of  the  kidney,  we  should  expect  the 
increased  How  of  urine  to  continue  until  all  the  substance  injected  had 
been  excrete(l.  Such,  however,  is  not  the  case.  1'he  diuresis  comes  to 
an  cud  when  only  a  small  amount  of  the  injected  substance  has  l)een 
excreted,  and  lasts  little  or  no  longer  than  the  hydricmic  plethora  which 
accoiii])anies  it. 

Of  the  otlier  (huretics,  the  action  of  two,  catVein  and  digitalis,  has  been 
very  fidly  investi^atecl.  If  half  a  grain  of  catTein  be  injected  into  a  vein, 
the  kidney  after  a  few  seconds  (Uniinishes  in  volnine,  and  the  flow  of  urine 
is  lessene<l  or  entirely  arrested.  This  contraction  soon  ])asses  otf,  and  is 
followeil  l.ya  lapid  ex])ansion,  which  is  nioie  considerable  and  lasts  much 
longer  tlian  the  jtreceihn^conti'action.    Simultaneously  with  the  beginning 
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'  Jrrh.  f.  rrjxr.  Path.  11.  IlianiudoL,  Lcip/i^',  IJ^SO,  P>d.  xxv.  S.  69. 

3  v.  lir;is..l,  Arcli.f.  rii>/sd<>L,  I-eij./i-;,  ISSl,  8.  211  :  Starlin';,  Jouru.  Phifsioi.,  Cam- 
bridge und  London,  ISIU,  vol.  xvii.  p.  liO  ;  Leatlies,  ibid.,  IS^f),  vol.  xix.  \k  1. 


LIGATURE  OF  THE  URETER.  ^ 

of  the  exiiausion,  the  urinary  tldw  recommeneeH  and  becomes  much  more 
rapid  t ! lan  i t  was  pre vio i isl y  ti  1 1 h e  i  n j ec t  i <  ni  f  >f  1 1 1 e  f  I r n ^.  (!) n  t h e  {^^ en eml 
blood  pressure  the  injection  of  calfein  clauses  an  ioitinl  i^light  fall,  fiillowetl 
by  a  return  to  normal  or  a  little  ahuve  nDrmal.  In  ihiis  cnwc  we  neeni  to 
be  dealing  witli  a  drug,  the  ini>sL  iiaiK)rtant  aciion  of  vvliich  is  tai  the 
renal  vesBeLs,  and  it  is  proliahle  that  tKie  increased  pressure  in  and  tlow 
thr«>ugh  the  glomerular  capillarieR  induced  by  the  drng  in  largely 
reftl)onaible  for  the  augmented  flow  <4'  urine.  Aeeording  to  von 
Schroder,*  it  is  |M>8Hihle,  by  the  administratinn  n(  ehlnral,  to  aholiBh  the 
va«o-<inat*>r  ett'ect  of  caflein  iu  rabbits  without  destroying  the  diuretic 
action  of  the  drug;  but  ton  much  reliance  cannot  be  placed  on  tins 
statement,  since  tJu^  viduiue  of  the  kidney  was  not  lueiisured  in  tliia 
oliserver  8  ex|>erimen ts. 

The  oHect  of  digituliH  is  ratJier  ui<»re  c<nui*lex.  It  sl^nvs  and 
strengthens  the  ciirdiac  heat,  and  at  the  same  time  constricts  the  smaller 
arteries  f»f  the  body;  so  that  the  arterial  ]»ressurc  is  raised.  In  heart 
disease  the  result  of  the  improved  workiug  of  the  cardiac  pump  is  to 
reheve  the  venrrus  ]iressnre,  increase  the  arterial  ] pressure,  and  so  bring 
a)^>ut  an  improved  blood  How  through  the  kidney,  hi  sucii  cases,  there- 
fore* digitalis  acts  as  a  powerful  <hiiretic.  In  the  healthy  animal  the 
effect  of  this  drug  is  more  doubtful  !t  causes  a  constricti(»u  of  the 
renal  vessels  and  tlierefore  a  sbriiiking  of  the  kidney.  I'luler  certain 
circumatauces,  however,  it  ibses  exert  an  apjtrccialjlc  iullueuce  iu  t  avising 
diuresis,  whicli  we  may  either  exjilaiii,  with  linulfnid  and  Phillips,- 
asdue  to  a  direct  action  of  the  drug  on  the  renal  cjiithcliino,  or  to  the 
fact  that  the  rise  of  blood  pressure  iiKUe  than  cnuuteiads  the  renal 
ooustrietion,  so  that  there  m  an  increased  blornl  Huw  and  pressure  in  the 
glomerular  e^ijiillnries. 

Efffct^  fif  liijatitrc  of  thr  ffnin^ — If  we  Mre  \<^  lonk  u]>ou  nritie  as  a 
filtrate,  the  aioonnt  of  it  must  vary  us  l*^]a.  where  1'  leprcsi-uts  the 
pressure  in  the  glouu^rular  capillaries,  while  ]i  represents  the  pre.ssine  at 
the  l>eginning  of  the  nrinary  tubule.  80  far,  we  liave  only  considererl 
the  effects  of  altering  1*,  and  liave  seen  tliiit,  in  the  niiijority  of  cases  at 
any  rate,  the  secretion  of  urine  rises  and  falls  witli  this  jaessuii'.  rmler 
normal  circumstances  p  is  so  simdl  that  it  uiay  he  neglected,  )>ut  we 
ought  Ui  lie  aide  Ui  diminish  tlie  How  of  urine  by  increasing  \k  If  the 
meter  be  olistructed  by  connectiug  it  witli  a  luercurial  mnuonipter,  it 
will  he  fmnid  that  the  luercury  in  the  ujanometer  rises  cjuii-kly  to  10  nv 
20  mm.  Hg,  and  then  m^ue  slowly  uutih  iu  the  clog,  it  may  attinn  the 
height  of  50  wy  00  mm.  ITg,  at  whicfi  pressure  the  mercury  ctdunin 
remains  statiomiry.  The  jiclviw  f>f  iJie  kidni-y  uud  tire  meter  above  the 
ligature  are  now  strongly  distcuiKd  ;  the  kidney  is  swollen,  ami  it  mEirkcd 
oedema  is  soon  observed  extending  to  the  |>criuo[»briti<*  tissues,  while 
the  lymphatics  of  the  hilus  are  distent hjd  witfi  clear  fluid.  Some  hours 
later,  hiemorrhages  are  fmuid  in  the  fatty  r*aj>sule  rind  in  the  pelvis  and 
ureter.  Ludvvig  interpretci]  these  results  as  cjeternnning  the  c«nu*bisious 
he  had  already  drawji  from  the  elTects  of  sct^tinn  uf  tb*-  spinal  (ord,  /.r., 
that,  for  the  prndu<'tif>n  of  urine,  a  certaiii  miuinuuo  diircrcuce  of 
pressure  P — y  is  necessary,  and  that  the  tblVcient-e  might  be  reiluced 
below  this  limit  either  by  diuuTmtioii  of  1*  or  by  angnien tuition  <d'  p, 

^  Jrch.  /,  ejtper.  Pa^h.   u.   I'harwakoi.,    L»npzi^%   1887,    IM.  xxiL   8.  39;   1888,   liiL 
xtW,  S,  85. 

^  Journ.  Phifsioi.,  Carnl^ridge  and  IjODdmi,  1587,  vul.  viii.  [\  117. 
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Heidenhain,  liowever,  points  out  that  we  have  no  right  to  conclude  that 
the  secretion  of  urine  has  ceased  when  the  mercury  column  no  longer 
rises.  This  stage  in  fact  corresponds  merely  to  the  point  at  which  the 
continued  secretion  of  urine  is  balanced  by  the  reabsorption  of  the  urine 
from  the  tubules,  ui  consequence  of  the  abnormal  pressure  within 
them. 

It  must  be  confessed  that  we  have  no  very  definite  evidence  that 
such  a  reabsorption  takes  place.  It  is  true  that  the  kidney  becomes 
oederaatous  in  consequence  of  the  ligature,  but  the  cedema  fluid  was  stated 
by  Ludwig  to  consist  of  lymph  and  not  of  urine ;  and  it  has  been  shown 
that  increased  pressure  in  the  urinary  tubules  causes  them  to  press  on 
the  adjoining  veins,  so  that  the  escape  of  blood  from  the  kidney  is 
liindered,  ami  ordinary  ccdema  results.  Fresh  investigations  on  this 
matter  are  much  to  be  desirQd,  since  the  only  analyses  we  have  of  the 
oedema  fluid  and  retained  urine  are  those  of  Hermann,  one  of  the  earliest 
observers  on  the  subject.  The  urine,  which  is  secreted  under  pressure 
and  which  distends  the  pelvis  and  ureter,  is  light  in  colour,  of  low 
specific  gravity,  and  contains  very  little  urea.  If,  after  some  time,  the 
ligature  round  the  ureter  be  relaxed,  the  result  is  at  once  a  copious 
secretion  of  watery  urine,  fn  man  a  similar  fluid  is  well  known  to  l)e 
excreted  in  cases  where  there  is  a  chronic  obstruction  of  the  ureter. 

The  concentration  of  the  urine. — We  have  now  to  consider  the 
second  part  of  Lud wig's  theory,  according  to  which  the  dilute  urine 
transuded  through  the  glomeruli  is  concentrated  on  its  passage  down 
the  tul)\iles,  by  the  absorption  of  its  water.  This  absorption  takes  place 
in  consequence  of  the  fact  that  tlie  lymph  surrounding  the  tubules  is 
more  concentrated  than  the  urine.  A  cogent  ol)jection  to  this  hypo- 
thesis was  raised  in  1859  by  llo})pe  (Ho[)pe-Seyler),  who  showed  that, 
if  mine  were  separated  by  an  animal  membrane  from  blood  serum  of 
the  same  animal,  there  was  a  flow  of  water  from  serum  to  urine.^  The 
tendency  of  this  urine,  therefore,  in  ])assing  down  the  urinary  tubules, 
would  have  been  to  become  more  (Hlute,  in  conseciuence  of  osmotic 
intei'chaii^cs  between  it  and  the  serum.  At  this  time  our  knowle<lge 
of  the  factors  and  forces  involved  in  the  interchange  of  water  and  sul>- 
stances  in  solution  across  animal  membranes  was  nieagi-e  and  inexact; 
and  it  is  only  ([uite  recently  that  we  have  acquired  tlie  necessary  data 
for  tesliiiL^r  the  truth  of  Ludwig's  hy])othesis  and  the  htness  of  ]Iop])e- 
Seyler's  objections. 

Pfell'er-  showed  that  the  osmotic  attraction  of  any  solution  for  water 
might  be  determined  by  measuiing  its  osmotic  ])ressu]*e,  an<l  Hrst  jKjinted 
out  how  en(»rinons  these  pressures  were  in  the  case  of  even  relatively 
dilute  salt  solutions.  Van  t'  IfolV  later  on  ])ointed  out  that  the  osmotic 
pressure  of  a  solution  was  ])ro])ortional  to  the  nnml>er  of  molecules  tliis 
containe(l,an(l  was  then^'ore  a  colligative  jjrojjcily  (()stwald),  like  certain 
othei'  ]u-o])<'rties  of  solutions — such  as  the  diminution  of  the  freezimr 
jMunt  and  of  th(;  vapour  tension  and  the  elevation  of  the  boilim: 
point. 

Since  thcst^  ])ropeities  of  a  solution  ai'c  ])roportional  to  one  another, 
we  neeil  only  know  one  to  determine  any  of  the  others.  This  fact  is  of 
ini])oi'tance  when  we  wish  to  determine  the  osmotic  pressure  of  animal 
fluids,  since  we  can  substitute  for  the  ditlicult  and  inexact  determination 

1  Virc]io„'A  Ar.-hlr,  ]s:,0,  Ii<l.  xvi,  S.  412  (.nioteil  by  Ileidcnliain). 
-  "Osnir^tische  UiitcrsUiluiiigcii,"  Leii>zig,  \bll . 
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of  oemotic  pressures  by  Pfefter  8  n^ethod  a  determinatifm  of  tlie  freezing- 
imui  of  the  soliitioiL  Ab  van  t'  Hutt'  has  shown,  if  ^  is  the  cieprenflion  of 
freezinc^'point  anil  Ttheahsohite  freezing-jtoint  t*f  the  solvent  (i.^.,  for 
water,  27^»  ,  and  ir  the  ktent  lieat  of  fusion  of  iee  =  7^>  eal),  then  the 
work  A  can  be  reckoned  from  the  following  formula: — 

Thus  for  1  per  cent,  solntion  of  cane-sugar  (a=^'055) 

27  o 

To  reduce  this  result  to  gra\itatiuu  units  we  llnl^st  nndtiplv  by  424, 
and  we  thus  find  that  to  separate  the  volnnie  dr  of  pure  water  as  ice 
from   1  |ier  cent,  cane-sugar  solution,  a  force  is  necessary  equal  to  the 

,  OfK-ix  79x424  .     ,    .  I 

prcsksure  *if  a  cohnnu  of  water  or    -       ._,,  ^—    luetrert  m  lieidit. 

A    depression    c»t"    a=  — 1'    corresptuids    therefore    to    an    r^suiotic 

79  X  424 
pressiu'e  of     \y^o  — ;    that  is  to  say,  to   122"7   uietres   of  wator.     We 

have  therefore  to  multi]dy  A  by  1227*  in  order  to  obtain  the  osmotic 
pressure  in  metres  of  water  of  any  sohitiou. 

Now  it  is  evident  tliat,  at  cording  to  Ludwigs  hypnthcsis,  the  o^iniotic 
pressure  uf  the  urine  might  attain  to  luit  cfuild  never  exceed  that  of 
the  blood  plasma,  Uu  estiniating  the  osmotic  pressmes  of  tliese  two 
fluids,  we  find  that,  under  normal  circumstances,  the  osmotic  pressure  of 
the  urine  is  cousideniliiy  {greater  ihau  llial  of  the  blood,  so  that  work 
must  have  been  done  in  the  separatiou  of  lliis  concentrated  tiuiti  from 
the  more  dilute  l^lootl  jilasma.  l>reser*  hits  cstimateil  tins  work  in  a 
case  in  winch,  during  one  night.  200  r.c,  tjf  urine  wei'e  secreted  with 
4i=2*o.  This  was  separated  by  the  kidneys  from  tlie  bhtod  with 
A  =  *56.  In  the  ]u<>ducti(Ui  of  this  fluid  iJrescr  tinds  that  the  work 
done  by  the  kidney  amoimts  to  37'U'i7  kilogianime  metres.  This  figure 
by  no  means  represents  the  maximum  foite  which  vi\n  be  exerted  }>y  the 
kidney.  From  a  cat  wliich  had  beeu  Jejuivcd  of  water  for  three  days, 
I'reser  drew  oft*  some  urine  with  A  =  4  72  t*.  The  bh^od  al  tiie  same 
time  had  an  osmotic  ]>ressure  corres}>onding  to  A  =  0*ti6  C.  These 
difierences  in  freezing  ](oint  dentrte  an  osuiotic  thllereiu^e  iif  408  metics 
water,  i.e.  a  pressure  rif  40,800  gruis.  per  s<[uai'e  ccuitimetre.  If  this 
work  of  conceutratiou  were  carricil  out  by  the  eells  of  tlic  tubules, 
these  results  would  im|*ly  that  these  eells  can  exert  a  buce  six  times 
greater  than  the  absolute  bacenf  lutman  nmscle  (HOOO  grms.  per  stpiare 
centimetre). 

Assuming  that  the  wh<)lc  work  of  tlie  tubuk's  is  coutiuetl  to  the  act 
of  concentration,  Dreser  seeks,  moretiver,  to  deiiionslrate  th:d  the 
glomerular  secretion  also  involves  the  activity  of  living  cells,  Siute 
the  blood  pressure  of  200  una,  llg=2'72  metres  watci',  and  A  10  C.= 
122*7  metres  water,  tlie  highest  ]ii>ssilde  dilfercnee  lictween  diltde  urine 
and  blood,  assuming  that  no  concentration  had  taken  place,  could  oidy 
be  i^  =  0*''022  C.  l)reser  finds,  however,  tlmt  after  beer  drinkiug,  and 
^  Atxft^I  expcr.  Path,  u.  Pharmakui.^  Leipzig,  ]Sy2,  lU.  xxix.  S.  007. 


652  THE  SECRETION  OF  URINE. 

in  diabetes  insipidus,  the  urine  secreted  may  have  A  =  0**'16  C,  t.e.  a 
difference  between  A  of  blood  and  of  urine  of  '4°  C.  Hence  he  con- 
chides  that  the  production  of  urine  by  the  glomeruli  is  also  attended 
with  the  doing  of  work,  and  must  therefore  be  looked  upon  as  a  process 
of  secretion.  We  might,  however,  still  adhere  to  the  theory  of  glomer- 
ular filtration,  if  we  assumed  either  that  the  cells  of  the  tubules  coidd 
absori)  water  or  solids  according  to  the  needs  of  the  organism,  or  that 
they  were  able  to  secrete  pure  water  and  so  dilute  the  glomerular 
transudation. 

Heidenhain's  criticism  of  the  theory  of  Ludwig. — The  difficulties 
in  the  way  of  accepting  Ludwig's  hypothesis  have  led  Heidenhain,  after 
a  long  scries  of  researches  on  the  subject,  to  reject  this  theory  abso- 
lutely, in  favour  of  one  very  similar  to  that  put  forward  by  Bowman. 

Hoideuliain  sums  up  his  objections  to  the  mechanical  theory  under 
the  following  headings  : — 

1.  The  hypothesis  that  a  rise  of  arterial  pressure  causes  increaseil 
transudation  through  the  vessel  w^alls,  is  not  confirmed  by  our  experience 
in  other  i>a]'ts  of  the  body  (lymphatics  of  the  limbs,  salivary  glands). 

2.  This  hyi)othesis  is  rendered  the  more  improbable  for  the  kidney, 
since  in  this  situation  the  glomerular  capillaries  are  covered  by  a  second 
layer  of  epithelium,  and  w^c  know,  from  liber's  researches  on  the  cornea, 
tliat  sue) I  a  simple  epithelial  layer  can  afford  great  resistance  to 
filtration. 

.*).  If  we  assume  that  all  the  constituents  of  the  urine  are  filtered 
oil'  in  the  glomeruli,  the  small  amount  of  urea  in  the  blood  renden?  it 
necessary  that  in  man  al)out  70  kilos,  of  fiuid  should  be  filtered  through 
and  reabsorlx.^d,  in  order  that  the  urea  produced  in  the  course  of 
the  day  may  l)e  excreted  in  the  urine, — an  amount  which  is  highly 
ini])robal)le. 

4.  Acconling  to  the  filtration  hypothesis,  the  amount  of  urine  formed 
must  always  increase  with  increased  capillary  pressure,  whereas  we  find 
that,  on  increasing  ca])illary  pressure  by  ligature  of  the  renal  vein,  the 
urinai'V  llow  is  abolished. 

T).  Th(»  hyijothesis  that  the  glomendar  transudate  is  concentrated  by 
a  ])roccss  of  osmosis  or  difVusion,  on  its  way  through  the  glomeruli,  is 
rcndcicMl  ini]iossil)le  l)y  the  fact  that  tlie  osmotic  })ressure  of  the 
mine  juay  l>c,  and  generally  is,  nnich  higher  than  that  of  the  lymph 
or  1)1()0(1. 

(J.  The  Hllration  hypothesis  does  not  ex])lain  why  the  amoimt  of 
m'ine  is  increased  hy  the  jnesence  of  water  or  crystalloid  {harnfdhuj) 
substancr's  in  the  blood. 

From  his  own  researches  on  the  subject,  Heidenhain  comes  to  the 
following::  conclusions  with  regard  to  the  mechanism  of  secretion  : — 

1.  In  llie  kidney,  as  in  all  other  glands,  the  secretion  depends  on  the 
active  iiit«-rvention  of  s])ecial  secretoiy  cells. 

'1.  The  first  ty])e  of  these  cells  is  re])resented  by  the  sim])le  layer 
of  ejtitlieliuui  covering  the  glouunular  loop  of  ca])illaries.  'I'he  office  of 
these  cells  is  to  secr<^te  water  and  such  salts  of  the  urine  as  are  found 
in  all  other  ]»arts  of  the  body  in  watery  solution  (r//.  sodium  chloride). 

.'5.  Anollier  system  (»f  s(^cretoiy  cells,  foiining  the  lining  investment 
of  the  convoluted  tul)ules  and  ascending  tubule  of  Henle,  secrete  the 
s])eciHc  constituents  of  urine  (urea,  uric  acid,  etc.).  Under  some  con- 
ditions thev  mav  at  the  same  time  secrete  a  certain  amount  of  water. 
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4  The  actixnty  of  tlie  two  kiods  of  secretory  cella  is  deterimned — 

{a)  By  the  cuiiuiint  of  water  or  urinary  constituents*  contained  in  the 
blood ; 

(b)  By  the  velocity  of  the  Idood-tlyw  through  the  cii](illanes  of  the 
kidney,  inasnuich  as  on  this  fstctor  depends  the  supply  of  oxygen,  and 
of  substances  U\  he  excreted,  to  the  cells. 

5.  The  great  variability  in  the  conHtitution  of  the  urine  may  he 
explained  by  ditferences  in  the  secretorv  activities  of  these  two  types  of 
c«lL 

The  most  important  part  of  these  conclusions  of  Heideuhain  is  a 
revival  of  Bowman *s  tlienry,  that  the  specitic  urinary  constituents,  tnea 
and  uric  acid,  are  seereted  by  the  tubules,  and  that  the  office  of  the 
tubules  is  secretory  rather  than  alisorbent.  What  evidence  have  we  of 
the  secretory  acti^dty  of  the  cells  in  the  tubules  i 

The  great  solubility  ami  diti'iisihihtv  of  urea  remler  it  impossible  to 
trace  this  substance  on  its  way  thruugh  tlie  kidney  by  nneru-chcniical 
means.  A  better  |jrosj>ect  of  success  would  seem  to  be  alVonled  hy 
the  more  insoluble  uric  acid  and  urates;  and  both  Bowman^  and  v. 
Wittich^  have  described  the  presence  of  uric  acid  crystals  in  the  cells 
of  the  convoluted  tulndes  of  birds.  Semicrystalline  deposits  of  guanin 
have  been  demonstrated  witli  certainty  in  tlie  cells  of  the  excretory 
organ  of  nudluscs,  but  later  researches  by  Adulph  Schuiidt^  have  sliown 
that  the  observations  of  Bowman  and  v.  AVittich  must  ha^'e  been  due 
to  faulty  methods  of  jireparatinu.  Deposited  urates  were  frequently  to 
be  seen  in  the  urinary  tubules  of  birds,  but  never  in  the  cells  them- 
selves. In  order  to  throw  light  upon  this  pjint,  Heideuhain  had 
recourse  k>  a  method,  devised  by  (luv^nnx.sczewsky,'*  ie.  the  injection  of 
sotlium  sulphintiigotate  (imhgo-cannine)  into  the  hlond,  and  the  tracing 
of  this  coloured  substance  through  tlje  cells  of  tlie  kidney. 

It  is  found  that  this  sulistance  is  excreted  in  auy  quantity  by  two 
gknds  only  of  the  body,  namely,  the  liver  and  tlie  kidney.  If  5  c,c.  of 
a  sat  moated  watery  sol  utinn  of  tlie  Hul]>hiuiligotate  be  injected  into  the 
veins  of  a  rabbit,  witliiu  a  few  minutes  tlie  uiiue  hecianes  a  tleep  Idue, 
and  on  killing  the  animal  the  kiilneys  are  found  to  he  stained  blue,  the 
colour  being  best  marked  towards  the  a]tex  of  tlie  ]»yramid.  In  order  to 
find  out  in  what  portion  of  the  secreting  substance  of  the  kidney  the 
colouring  matter  is  turned  out,  the  tlow  of  urine  must  be  cliecked,  since 
otherwise  the  excreteil  pigment  is  at  once  washed  ibiwn  into  the  Imver 
parts  of  the  tubules  and  ureter.  To  this  end  lletdenhain^  divided  the 
spinal  cord  in  the  neck.  The  How  of  urine  being  thus  stoi*]^^!,  'i  c.c.  (»f 
the  saturated  sol utirm  f>f  iuiligc^-carmiue  is  injecltnl  inbi  the  bhujil  vessels; 
ten  minutes  later  the  animal  is  killed,  and  the  blood  vessels  of  the 
kidney  washed  out  w^ith  absolute  alcolioL  liy  this  means  the  pigment 
is  precipitated  hi  dttf.  On  cutting  into  the  kidney,  it  is  at  once  seen  tn 
differ  widely  in  appearance  from  that  of  an  auinud  in  wliicli  the  coril 
was  intact.  Instead  \\i  being  diliuscly  stained,  the  kidney  iKJwis  coluined 
a  deep  blue  in  the  cortex,  the  irjeduUa  ]nesenting  the  rrormal  apijcarauce. 
On  examining  a  secti^m  under  the  microscope,  it  is  seen  that  the  blue 
colour  is  due  to  the  deposition  of  pigment  grnnules  m  the  lumen  and 
ill  the  striated  cells  lioiug  the  convoluted  tubules  and    the  ascending 

^  Loc.  eii.  "  Arch./.  milT,  Anal.,  Bonn,  1875,  Bd.  xL  8.  81. 

"  Arch./,  d,  gc3,  rhifsioL,  Bonn,  1890,  Bii.  xlviii.  S,  3^. 

*  yirchow's  Archiv,  l&i6fl,  Bd.  xxxv.  S.  158.  u  Ir^c.  at. 
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limb  of  Henle's  loop,  the  capsules  and  the  collecting  tubules  as  well  as 
the  descending  loop  of  Henle  being  quite  free  from  pigment. 

A  very  interesting  appearance  is  offered  by  the  kidney,  if,  previous 
to  the  injection,  its  surface  has  been  cauterised  over  a  small  area  with 
silver  nitrate,  the  cord  being  intact.  In  the  cauterised  zones,  the  secre- 
tion of  water  is  stopped,  but  the  excretion  of  indigo-blue  is  not  affected, 
so  that  in  tliese  zones  the  blue  colour  is  confined  to  the  cortex,  whereas 
in  the  rest  of  the  kidney  the  coloration  is  diffuse.  Heidenhain  con- 
cludes from  these  observations  that  the  excretion  of  indigo-blue  is  due 
to  the  specific  secretory  activity  of  the  striated  cells  lining  the  con- 
voluted tubules  and  ascending  loop  of  Henle.  Since  these  cells  are  the 
only  cells  of  the  kidney  which  have  the  power  of  excreting  indigo- 
carmine,  an  abnormal  constituent  of  the  blood,  it  is  natural  to  assume 
that  they  may  also  possess  the  specific  function  of  secreting  the  urea  of 
normal  urine. 

These  conclusions  of  Heidenhain's  have  not,  however,  passed  un- 
challenged. Various  observers  have  pointed  out  that,  in  order  to  obtain 
the  results  described  by  Heidenhain,  it  is  necessary  to  repeat  exactly  all 
the  details  of  his  experiments.  If  we  inject  larger  doses  of  the 
sulphindigotate  and  kill  the  animal  ten  minutes  after  the  injection,  it 
will  be  found  that,  in  addition  to  the  staining  of  the  striated  cells  of  the 
convoluted  tubules,  and  the  deposition  of  precipitated  pigment  in  the 
lumen  of  these  tubules,  there  is  also  a  slight  staining  of  Bowman's 
c<apsule  and  the  glomerular  epithelium.  It  has  been  suggested  ^  that 
Heidenhaiu's  results  might  be  equally  well  explained  on  Ludwig's 
hypothesis,  according  to  which  a  dilute  solution  of  the  dye  would  be 
exuded  into  Bowman's  capsules,  and  w^ould  be  concentrated  by  absorption 
of  fluid  on  its  way  through  the  convoluted  tubules.  Indigo-carmine  is 
soluble  in  water  and  in  very  weak  salt  solution,  from  which  it  is 
l)iecipitate(l  on  concentration.  Moreover,  indigo-carmine  is  liable  to 
reduction  in  the  living  tissues  witli  the  formation  of  a  colourless 
product,  and  these  two  factors,  i.e.  reduction  of  the  ])igment  and  the  ex- 
treme (lilutiini  of  the  glomerular  exudation,  have  l)een  held  to  explain 
the  absence  of  glomerular  staining  in  Heidenhaiu's  experiment.  By 
increasiii«r  the  dose  injected  into  tlie  veins  and  killing  the  animal  8o<m 
after  the  injection,  these  two  factors  are  minimised  and  a  staining  of  tlie 
ca])sules  is  brought  about.  Sobieranski-  ])oints  out  that  the  staining  or 
de])ositir)n  of  granules  in  the  cells  of  the  convoluted  tubules  is  confined 
to  the  ])arts  of  these  cells  bordering  on  the  lumen — a  fact  which  seems 
to  indicate  that  tlie  pigment  has  been  taken  u])  by  these  cells  from  the 
lumen  rather  than  from  the  surrounding  lym]))!  sj)aces. 

These  observations  are  t(j  a  certain  extent  confirmed  by  the  effects  of 
the  injection  of  carmine.  This  substance,  whicli  has  a  much  more  com- 
])licat(Ml  coni]»osition  than  sodium  sulpliindigotate,  en)V)ys  tlie  correspond- 
ing advantage  of  smaller  ditVusiljility,  so  that  it  can  be  more  easily  tracecl 
on  its  way  throuudi  the  tissnes  of  the  body.  Moreover,  it  undergoes  wo 
reduction  in  contact  with  the  living  cells.  The  circulatoiy  disturbance 
which  often  accom[)anies  the  injection  of  this  substance  may  be  almost 

'  rautyn^ki,  Vin-hrnrx  Arc/iiv,  IM.  Ixxix.  S.  303;  Il.'iischoii.  Jk-Off.  AfhamUvnrj  f. 
mf(Jiciiisl-(t  <lni'kii,  StMckliolm,  l.s70  (quoted  by  Soliieraiiski)  ;  v.  Sobieranski,  Arrh.  f. 
ej-pur.  r<ilji.  II.  I'lidriiiiikoL,  Lci|>/i<^',  180;'),  Bd.  xxxv.  S.  1^4.  (The  two  first  pa|>ers  aW 
till- siilijcct  of  ii  critiral  i»a)>pr  l)v  OrutziKT,  Arch./.  <i.(j'S.  I'ln/sio/.,  Honii,  1881,  lid.  xxiv. 
S.  441.) 

-  Arr/i.  f.  f.rprr.  I'ofh.  V .  Ph'trin'tkol.,  Leipzig,  ISl);'.,  IJd.  xxxv.  S.  144. 
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entirely  avoided  by  iming  a  milutiuii  (if  carmine  in  very  weak  Boda,  and 
carrring  out  the  mjectioii  Blowly  (10  c.c.  in  Mve  iiiinutes).  If  we  kill 
tiie  animal  tliirty  to  forty  minutes  after  tde  iiijiH/iion,  and  wash  out  the 
kidney  from  the  renal  artery  with  absolnte  alenhul,  we  find  the  glomeruli 
stained,  the  niu-Iei  being  red,  ihe  <i;lunieridi  thenist^lves  being  (if  a  fainter 
reddish  tinge.  The  epithehum  (if  the  et>nv(duted  tiibulew  contains  tine 
grantiles  of  pigment  towards  the  inner  part  of  tlie  cells,  and  here  and 
there  deposits  of  carmine  are  seen  in  tiie  Htraight  tubules.  Under  no 
circiunstaueeH  are  the  pigment  granules  ever  fdund  in  the  basal  ]iai  ts  of 
the  epithelial  cells.  There  can  be  no  doubt  that  the.se  appeal anees 
stlggeat  tliat  the  jagment  has  been  token  uji  by  ttie  cells  iVoni  the  hnnen 
rather  than  that  it  is  in  the  act  of  excretion  hy  the  cells.  In  neither  of 
thefle  two  exjierinients  do  the  faets  at  m\r  command  allow  ns  in  come  to 
a  definite  eoncliLsion  with  regard  to  their  inter]iretati(in.  In  order  to 
deeide  the  relative  functions  (if  the  glomeruli  and  convoluted  tubules,  it 
would  be  necessiiry  to  sejiarate  in  son  a*  mainier  tlie  activities  of  these 
two  |Mirt8  of  the  ki<hiey,  so  as  to  nbtain  the  action  of  one  or  other  of 
thenj  in  an  isniated  form. 

Experiments  of  NuBsbaom, — A  method  fur  attaining  this  object 
was  devised  by  NusRhaunr,^  and  prianised  at  first  to  be  of  crucial 
imj:>ortanee  for  the  ]ihysi(dr>gy  (if  urinary  secretifUL  The  kidneys  of 
amphibians  poesess J  as  liownian  pdintcd  out,  a  double  vascrdar  supply, 
ix.  from  the  renal  artery  and  frnm  the  renal  jmrtal  vein.  From  the 
former  ve.ssel  are  derived  the  vjisa  jdlcrcnlia  to  the  ghmieruli,  wluu'eas 
the  latter  breaks  up  int<i  ciijiillaries  wlncli  anastomose  round  the 
tubules^  in  conjunction  with  the  t^tipillary  nunilications  of  the  ellcrent 
vesaeUi  of  the  glomeruli.  Nussbaum  imagined,  tlierefore,  that  the 
glomerular  activities  might  be  alt(>getber  excluiled  by  ligature  of 
the  renal  artery.  ('arrying  out  a  nundier  nf  cxjierimcnts  cif  this 
description,  he  ubtained  restdts  whitdi  se(*niecl  to  decide  absfilutcly  in 
favour  of  Heidenhain's  hy[>othesis.  Thiis,  after  ligature  of  tlie  renal 
arteries  in  frogs,  the  urinary  tlow  was  abolished  A  How  of  urine 
might,  how^ever,  be  e%'oked  hy  the  injection  (if  nrea  into  tlie  blood, 
pro\ing,  according  to  Xussbaum,  that  thti  suhstance  was  not  excreted 
by  the  glomeruli  Init  by  the  tuliules,  and  also  that  the  latter  struc- 
tures couhl,  under  the  influence  (if  diuretics,  secrete  ]iart  of  the  water 
of  the  urine*  In  a  normal  frog  the  inj(?cti(in  (if  peptone,  egg-alb imiin, 
or  sugar  into  the  fdddd  is  fulhiwed  by  the  ex(.'reti*ui  (if  tlieac  sulistances 
in  the  urine.  If,  however,  the  renal  arteries  be  previrnisly  tied,  none 
of  these  substances  ajipear  'u\  the  urine,  even  when  a  uriiiary  flow  is 
produced  by  tlie  injection  (if  ureii,  (Virmine  alsn,  wlticb  is  acknow- 
ledged by  all  observers  to  be  excreted  by  the  glnmcruli,  does  not 
appear  in  the  urine  of  the  frog,  if  the  r(*nal  arteries  be  ligatured. 
Nusskaum  cMUcUnled,  thcrcfort.*,  that  the  excret<»ry  a]iparatus  of  the 
kidney  consisted  t»f  two  jiarts,  namely,  the  glf>nieruli,  which  excreted 
wat^r  and  salts  as  well  as  egg-albundn,  peptone,  and  gray>e-siigar ;  and 
the  tubules,  which  excrete  urea  and  jirnlmbly  uric  acid,  together  with 
a  certain  proportimi  of  water. 

These  experiments  are  so  definite  that  thty  would  seem  to  decide 
the  question  as  to  the  part  ]ilaye(l  by  the  vaiious  structures  of  the 
kiilney,  were  it  only  possible  tn  jilace  reliance  on  them.  This  un- 
fortunately is  not  the  case.     A  can-fnl  rciietition  of  Nussbaum's  ex- 

'  Arduf.  d.  tjts.  Phijitiol.,  Houu,  1878,  Bd.  xviL  8.  580. 
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perimeiits  by  Adami,^  working  in  Heidenhain's  laboratory,  has  shown 
that  in  the  frog  it  is  impossible  to  cut  off  the  blood  supply  to  the 
glomeruli  by  ligaturing  the  renal  arteries.  In  fact,  after  this  operation, 
fully  half  of  the  glomeruli  may  be  injected  from  the  aoi*ta,  owing  to 
the  free  anastomoses  between  the  renal  artery  and  the  branches  of 
the  ovarian  arteries  and  the  renal  portal  vein,  and  it  is  difficult  to 
understand  how  Nussbaum  can  have  obtained  the  very  definite  results 
described  by  him.  These,  therefore,  in  spite  of  the  ingenuity  of  the 
methods  employed,  must  be  discredited  in  any  discussion  concerning  the 
functions  of  the  various  parts  of  the  kidney  tubule. 

Experiments  of  Ribbert. — A  bold  attempt  to  experimentally  disso- 
ciate tlie  activities  of  the  two  portions  of  the  urinary  tubule  was  made 
by  liibl)ert;-  who  adopted  the  method  of  excising  as  far  as  possible  the 
medulla  of  the  kidney,  so  as  to  obtain  the  glomerular  secretion  after 
it  had  passed  through  only  the  first  convoluted  tubules.  This  opera- 
tion is  only  possible  in  animals  such  as  the  rabbit,  in  which  the  renal 
medulla  is  made  up  of  one  Malpighian  pyramid.  It  was  carried  out 
in  the  following  way: — One  kidney  having  been  exposed  from  the 
back,  was  cut  in  two  by  an  incision  at  right  angles  to  the  long  diameter 
of  the  organ,  extending  into  the  pelvis.  By  means  of  a  gouge,  as  much 
as  possible  of  the  pyramid  internal  to  the  boundary  zone  was  removed. 
The  two  halves  of  the  kidney  were  then  placed  together  and  secured 
by  sutures,  and  the  other  kidney  totally  excised.  Eibbert  found  that 
such  aniiuals  during  the  next  twelve  to  twenty-four  hours  secreted  a 
much  larger  (quantity  of  urine  than  they  had  previously  done.  Tlie 
urine  wiis  more  dilute  and  much  Ughter  in  colour  than  the  urine  of 
ral)bits  under  normal  conditions.  No  analyses,  however,  of  the  fluid 
were  made.  Ilib])ert  inter])rets  these  results  as  confirming  Ludwig's 
hyi)ot]iesis.  But  apart  from  the  increased  quantity,  which  does  not 
seem  to  nie  to  be  definitely  established  by  Kibbert's  experiments,  the 
pro(hiction  of  a  more  dilute  urine  would  be  expected  on  either 
}iyi)othesi.s,  whether  we  assume  with  Ludwig  that  the  tubules  absorb 
water  from  tlie  urine,  or  with  Heidenhain  that  they  excrete  solid 
substances  into  the  urine. 

Experiments  of  Bradford. — The  very  insufficient  description  of 
liis  experiments  given  by  Kibbert  might  incline  us  to  discredit  them 
alto;^'(?ther,  were  it  not  that  somewhat  analogous  results  have  l>een 
obtained  ])y  l)radford.^  This  observer  found  that  extirpation  of  one 
ki(hiey,  eomljined  with  excision  of  a  large  w^edge-shaped  piece  from  the 
otlier  kidney,  might  bring  about  one  of  two  results — 

1.  If  the  amount  of  kidney  substance  left  amounted  to  one  quarter 
of  the  weight  of  the  two  kidneys,  the  animals  (dogs)  lived  a  considerable 
time,  but  snllV'red  from  hyth'uria,  ix.  the  quantity  of  urine  excreted  was 
largely  increased,  but  the  excretion  of  urea  remained  unchanged,  so 
that  the  urine  was  nnich  more  dilute  than  before. 

L\  If  tlie  ani(»unt  of  ki(ln(»y  left  was  less  than  one-sixth  of  the  total 
kidney  substance,  ])()lyuria  was  ])ro(luced,  i.e.  a  huge  increase  in  tht» 
excretion  of  watei"  as  well  as  of  urea.  This  increased  production  of  urea 
was  due  to  a  rapid  wasting  of  the  ])roteid  constituents,  and  especially  of 
the  muscles  of  ihe  l)0(ly,  so  that  the  animals  died  in  a  short  time  in  a 

'  J'lurn.  Phiisoil.,  Camliriflgc  and  LoikIoh,  18S5,  vol.  vi.  p.  382. 
■■'  riir.hnn's  Arrhiv,  18S.S,  B-l.  xciii.  S.  109. 
'"•  yVo'*.  liinj.  Soc.  LoiuUm,  18!>2,  vol.  li. 
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state  ill  extreme  emaciation.  This  latter  rewult  is  difficult  to  explain, 
aoJ  will  be  discussed  in  auutlier  Hectioii  of  tluw  volume.  The  foniier 
result  (the  Imlruria)  may,  however,  l>e  aiialogoun  to  the  resultH  of 
fiibbert's  experiments,  and  may  be  due  to  a  dinuiintion  in  tlie  actively 
absorbing  f>r  secretory  mechauisms  of  the  kidney,  i.f,  the  convoluted 
tubules.  It  seems  probable  tliat  a  detieieuL'y  in  the  excretory  powerH  of 
the  organiHui  could  be  more  easily  comi>ensiited  bj  augmenting  tlie 
glomerular  transudation  by  means  of  the  bloml  supply  to  the  glomeruli, 
than  by  increasing  the  work  of  tlie  cellM  of  the  convoluted  tubules. 

Arfjuimnta  ImMd  upon  the  rfifrfiOft  of  ttriu4\ — Au  f objection  wliich  has 
lieen  frequently  urgeil  against  the  tiltration  hyp<>thesis  is  that,  whereas 
the  blood  serum  or  plasma  is  in  all  animals  alkaline,  the  urine,  except  in 
those  cases  where  there  is  a  rich  supply  of  alkali  in  the  fooil,  is  acid 
in  reaction.  It  seems  difficult  to  conceive  liow  a  process  of  tiltration 
GOiild  effect  this  change  in  the  reaction  of  the  tiltrate.  Since  all  author- 
ities are  agieed  that  the  urine  undergoes  (.-hanges  in  rouipositiun  nn  it^ 
way  through  the  tuliules,  it  liee^uues  important  to  find  nut  whether  the 
urine,  as  it  is  formed  liy  the  glomeruli,  is  alkaline  nr  at  ul 

Dreser^  has  sought  to  determine  this  i[ueHtif»n  by  examining  tlie 
imerocheinical  reactions  in  the  dilferent  parts  of  the  kidney  in  the  frog. 
As  his  indicator  he  used  add  fuehsin  (rubin  S.)  This  substanre  is  a 
iirilliant  red  in  acid  stdutions,  but  is  almost  colourless  in  weak  alkaline 
8*jlutions,  It  is,  therefnre,  a  c<uivetn*'nt  substanee  to  use  in  order  to 
demonstrate  the  formation  of  acitl  in  muscle  during  tetanus.  A  strong 
*i4>hiti<m  <if  this  ilye  was  injected  into  the  tlursal  lymph  sac  uf  the  frog. 
All  hour  or  two  later  the  urine  that  was  secreted  was  of  a  deep  reil 
colour,  and  was  acid  in  reaction.  On  examining  the  kidneys,  the  dorsal 
part  in  wliich  the  glnmeridi  arc  situated  was  fiamd  to  be  Ci>l tailless,  but 
the  tubuies  in  tlie  ventral  pait  were  lillt'd  with  leil  seeriUion.  If  tfic 
iDJectiou  were  reiteatetl  the  red  enloratinii  exteiidcil  to  the  lining  cells 
of  the  tubules.  Frum  his  exjieriments  witli  this  ami  other  ilyes,  Dreser 
coneliide.H  that  the  iaxidu(*tion  of  the  acid  reaetiou  is  etteeted  l»y  tlie  cells 
of  the  convoluted  tubules,  and  that  the  gbuuerular  trauaudate  is  alkaluie. 

This  conclusion  is  biune  out  by  the  results  of  injecting  any  kind  of 
diuretic.  If  the  gbuneruhir  transudate  is  alkaline,  antl  is  also  rendered 
acid  in  its  passage  thrf>ugh  the  tubules,  we  should  exjiect  tliat  ihe  more 
abundant  the  glomerular  transudate,  the  shfnter  wttuld  !h*  the  time  tjikeu 
in  its  passage  thrcmgb  tlie  tubules,  so  that  the  urine  iN>miiig  iuti;  tlie 
bladiler  wmild  tend  to  approximate  in  reactir»n  aini  composition  tlie 
original  glomerular  transudate.  Sn(*h  is  found  to  be  the  ease.  Wliutever 
meuns  we  use  to  induce  jnofnse  diuresis,  whether  by  the  injectimi  or 
adaiinistration  of  drugs  siieh  as  i-atl'ein  or  tlieobriauin,  or  the  adnunis- 
tration  of  saline  diuretics,  or  the  ]H'otluctir»n  of  hydianiie  plethora, 
we  fiutl  that  the  acid  reaction  of  the  urine  disapjiears.  to  Ifc  i'e[4aeed  by 
a  neutral  or  alkaline  rE^icti(»n.  We  may  conrhule,  with  a  high  degree  ai 
probability,  that  the  glomerular  jiart  of  the  urinary  secretion  is  alkaline 
in  reaction,  an<l  that  the  aeid  reaction  <ff  tlie  urine  of  carnivora  or 
of  starving  herbivora  is  due  U*  the  ehanges  wrought  on  the  glomerular 
transudate  by  the  cells  of  the  ecmvoluted  tubules.  Whether  this 
change  is  due  to  the  secretion  of  acid  salts,  or  to  the  absor]ition  of 
alkaline  sfilts  by  the  cells  of  tlie  tubules,  we  are  not  iu  a  positimi  to 
determine^ 

'  machr,j\  Bini.,  Muiidieu,  IHSii,  lid,  xiu  S,  tl. 
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An  ingenious  attempt  has  been  made  by  Liebermann^  to  explain  the 
chemical  mechanism  by  which  the  cells  of  the  tubules  effect  this  change  in 
reactiim.  This  author  has  described  a  class  of  bodies  which  may  be  extracted 
from  the  mucous  membrane  of  the  stomach  or  from  the  kidney,  and  which 
consist  of  compounds  of  lecithin  and  proteid.  These  he  designates  lecith- 
albumins.  These  substances  are  acid  in  nature,  and  are  capable  of  combining 
with  alkalies.  Liebcrmann  imagines  that,  as  the  alkaline  salts  of  the  blood 
pliisma  pass  through  the  epithelial  cells  of  the  kidney,  they  are  split  up  by  these 
acid  insoluble  lecith-albumins,  which  combine  with  a  portion  of  the  bases,  so 
that  the  remainder  of  the  fluid  which  reaches  the  lumen  of  the  tubule  contains 
acid  salts  or  free  acid.  Of  course  this  process  would  come  to  an  end  as  soon  as 
the  acid  affinities  of  the  lecith-albumins  in  the  cells  were  satisfied,  and  in  this 
Avay  one  might  explain  the  speedy  appearance  of  an  alkaline  reaction  when 
large  quantities  of  urine  are  secreted.  Under  normal  circumstances,  however, 
Liebermiinn  assumes  that  the  carbon  dioxide,  which  is  the  normal  product  of 
tissue  mebibolism  in  the  kidney,  splits  up  the  compound  formed  in  the  cells 
into  free  lecitli-albumin  and  alkaline  carbonates,  these  latter  being  then 
remove<l  by  the  venous  blood  stream.  As  supporting  evidence  for  this  hypo- 
thesis, Liebornuinn  states  that  the  kidney  tissue,  like  lecith-albumin  itself,  if 
treated  with  soda  solution,  and  then  washed  repeatedly  with  water  to  remove 
excess  of  the  latter,  becomes  strongly  alkaline.  If  now  the  alkaline  tissue  !« 
suspended  in  water,  through  which  a  stream  of  C0._,  is  passed,  and  be  then 
again  Avashed  thoroughlx ,  it  will  be  found  to  be  strongly  acid,  having  given  up 
all  its  soda  to  the  carbon  dioxide. 

ConcJifs.ion.^. — It  is  evident  that  the  ex])erimental  facts  at  our  pre- 
sent dis]M)sal  do  not  allow  of  a  definite  decision  as  to  the  exact  manner 
in  whicli  the  secretion  of  urine  is  eH'ected.  It  will  be  convenient, 
therefore,  to  siininiarise  the  two  modes  of  interpretation,  either  of  which 
may  be  ap])lied  to  the  known  facts. 

Accoi'dinj^  to  the  Bownian-Heidenhain  hyj)ot]iesis,  the  secretion  <»f 
urine  is  due  to  llie  activity  of  two  sets  of  cells.  The  flattened  epithelial 
cells  covcrin<2:  the  <rh)niernli  take  up  from  the  blood,  circulating  thrrmtrh 
th(*  ji:lomcrular  ca])illaries,  water  and  salts,  and  transfer  these  substances 
to  the  heuinniuLi:  of  tlie  urinary  tubule.  1'lieir  activity  is  chiefly  deyjend- 
eut  on  the  activity  of  the  blood  How  throu^^di  the  capillaries.  But  they 
may  be  also  excited  to  active  secrt»tion  by  tlie  presence  of  certain  of  the 
urinaiv  constituents  in  the  blood,  sueh  as  water  and  salts,  or  possibly  by 
diuretics,  sucli  as  eatVein.  On  the  otliei*  hand,  the  rodded  cells,  lining  tht» 
convolute(l  tubules  and  the  ascending  loop  of  Henle,  secrete  s]>ecific 
urinary  r-onstituents,  such  as  urea  and  uric  acid,  together  with  a  certain 
amount  of  water.  Tliey  also  secrete  certain  abnormal  constituents  of  the 
i»loo(l,  such  as  iudigo-earmine.  Their  a(;tivity  is  chiefly  determined  by 
tJH^  amouut  of  urea  or  uric  acid  in  the  blood. 

If,  on  tlie  other  band,  w(»  acee])t  Ludwig's  hypothesis,  we  inu>t 
introduce  into  it  certain  modifications,  necessitated  by  later  inquiries, 
and  assume  that  in  the  secretion  (»f  urine,  as  in  so  many  other  of  the 
boilily  functions,  tliei'c  is  a  mixture  of  what  we  may  term  ])hysical  anil 
])Iiysiolo<j;ical  ])i()C(^sses.  It  seems  ])robal>le  that  in  the  ghuneruli  the 
])r<»cess  is  largely  if  not  exclusively  ]»hysical :  that  is  to  say,  we  have  here 
a  transudation  of  tlu^  watery  and  crystalloid  constituents  (inchidim: 
urea)  of  the  blood  plasma.  The  extent  and  nature  of  this  transudation 
are  determined — 

1.   r>y  the  ]»ressure  in  the  glomerular  capilhiries. 

'  Arch.f.  d.  tjc^.  Phiisinl.,  Honn,  1894,  Hd.  liv.  S.  r.S;'). 
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%  By  tlif  velocity  of  t!<>%v  through  ttie  oa]jillaiies. 

3.  By  the  i»eniieiihiUty  of  the  capinarv  wall  and  tlie  i^lonieiular 
epitheliimi. 

This  watery  traiisutiate  is  rtmceiitrateil  amlaltereil  un  itH  way  througli 
the  tubules,  iu  txmsequeiire  of  the  ahsnrptioii  of  water,  ainl  prohably  of 
certain  nf  its  crystalloid  r  oustitueiiti^.  This  afK^orplion  iiuiwfc  1ki  ilue  to 
the  active  intervention  of  tlie  cells,  miice  the  c^nniotie  jire.ssure  of  the 
uriue  is  coiisiderahly  higher  tlian  that  of  t!ie  hhmd  pressure.  Diuretics 
way  act  in  two  ways.  The  sjiline  diiireticfi  increase  tlio  jireBsiue  and 
\"eli»city  of  the  hlood  iu  the  glouiendar  capillaries,  not  only  l*y  increasing 
the  volume  of  the  circulating  Huid,  Init  also  probahly  liy  a  direct  dilator 
action  on  tlie  afferent  vessels  of  the  glf>ineruli.  A  similar  local  dilat<n^ 
eflect  ii*  proiluced  l^y  drug«  .such  an  c-«H*ein  or  thenlnnuiin  :  hut  in  these 
cases  the  dnign  prol^ihly  exert  a  piralyaing  intliience  on  the  ahsorbing 
mechamBm  nif  the  kiilney,  ?>.  the  cells  of  the  convoluted  tubules,  ao  tliat 
lihe  glouienilar  transudate  may  undergo  lilllc  change  on  ks  way  to  the 
^  ureter  and  bladilei . 

One  of  the  strongest  arguments  Ln  favour  of  this  modified  Ludwig  hyjio 
thesifl  jjs  the  fact  tliat  the  nmre  we  aiif^iiieiit  the  flow  <»f  urine,  whether  l»y 
ciffein,  saline  diuretie^s,  ^ir  urodiictiun  uf  h^tlrreuiic  plethura,  the  more  nearly 
does  iu  oamotie  pressure,  t>ahne  (Mii:-titutinn,  ami  reaction  :i]>proxiaiate  that  of 
the  blood  plasma.  It  would  seem  that  in  the  ^^lomeruli  we  have  jui  aiiparatuf* 
wbirh,  like  the  eaiiilliiries  of  the  -iljdoauual  vis<  era  hut  in  a  still  higher  degree, 
reacts  fc<3  changes  in  the  intraiapiliarj  laessure,  and  so  serves  to  regulate 
accurately  the  amount  of  fliud  rir<  ulating  in  the  hlucMl  vessels* 

Whether  we  hwtk  u[mui  the  cells  of  the  convoluleil  tuhules  as  secre- 
tion^ or  absorptive  in  fuuctirm,  we  have  at  ]irespnt  no  evidence  that  the 
eelhilar  covering  of  the  glomeruli  acts  otherwise  than  passively  in  the 
ppMluction  of  the  trlouieruhir  part  r>f  the  secretion.  It  must  he  renjeni- 
teeil,  however^  that  under  rci  ta  \\\  cirrumslances,  as  after  ingcKtiou  of  large 
'jaantities  of  tlui^h  the  osniotii-  pressuir  uf  the  urine  may  fall  beh>w  that 
'►f  the  hhuHl  jdasiiia.  l>rcser^  interprct.s  thi.s  as  pointing  to  an  activity 
of  the  glomerular  epithelium.  1  have  shown  ahovf  that  it  may  efpially 
well  he  explained  hy  assuming  an  al>sorption  of  salts  hy  the  walor-loggetl 
tubule  cells,  nv  an  active  excretion  nf  water  hy  tlu'se  cells.  I  may 
mention  here  tliat  I.  ^[nnk  and  Senator,'-  as  a  result  of  researchej^  carried 
nut  for  tlie  mr>st  part  on  the  excised  kidney,  have  come  to  a  run(dusiun 
analogous  t*»  that  junt  stated,  namely,  that  in  tlie  ]troiluction  of  urine  we 
liave  a  co-operdtiou  of  pliysical  and  ]>hysiidiigi('al  factors.  According  tt» 
these  authors,  water  and  ]«irt  of  the  urinary  salts  (especiallv  Na('l> 
are  transuded  thrimgh  the  glomeruli  iu  direct  con.sc*{uence  of  the  bbniil 
pressure,  /.f.  hy  a  (iro<  ess  nf  Hltratir>n,  altliough  the  ra|iidity  of  the  hlood 
ttow  18  at  least  ui  equal  importance  with  its  laessure.  Hie  8]*ecitic 
urinary  constituents^ — urea,  uric  aciil,  hippuric  acid,  etc.  tf^gt^thcr  with 
another  ]Kjrtiiui  f»f  tlu*  urinary  Stilts  {Na(*h  sul]ihates  and  ]>hos]»hates) 
— are  secretal  l»y  the  active  intervention  of  the  cells  t>f  the  tulniles» 
especially  the  convrduted  tuhules.  These  Huhstauces  are  secreted  in  a 
di»8olved  condition,  and  must,  therefore,  take  a  rertain  amriunt  of  water 
with  thcin. 

The  influence  of  the  nervous  system  on  the  secretion  of  urine. 
—The  discoverv  bv  l*erkelev'^  of  a  distribution  of  nerve-endings  to  tlie 

'  Loc.  tit,  *  n'rchotr'a  Jrckiv,  1888,  Bd.  cxiv.  S.  1.  *'  Lor.  eit. 
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tubules  of  the  kidney  suggests  that  in  this  organ,  as  in  the  salivary 
glands,  the  secretion  of  urine  may  be  under  the  direct  control  of  the 
central  nervous  system,  apart  from  any  influence  that  this  system  may 
have  on  the  renal  circulation.  We  have  already  seen  that  the  urinary 
secretion  is  extremely  susceptible  to  variations  in  the  pressure  and 
velocity  of  the  blood  in  the  renal  vessels,  and  also  that  these  latter  are 
under  the  direct  control  of  the  nervous  system  by  means  of  vaso-dilator 
and  vaso -constrictor  nerve  fibres. 

Various  authorities  have  described  experiments  which  should 
demonstrate  the  existence  of  secreto-motor  nerves  to  the  kidney.  Tims, 
in  1835,  Claude  Bernard^  showed  that  in  some  cases,  where  pimcture  of 
the  medulla  was  carried  out  with  the  view  of  producing  diabetes,  the 
result  was  an  increased  flow  of  urine,  containing  no  sugar,  i,e,  diabetes 
insipidus.  These  experiments  were  repeated  in  much  greater  detail  by 
Eckhard,^  who  showed  that,  in  the  rabbit,  polyuria  might  be  caused,  not 
only  by  a  puncture  of  the  medulla,  but  also  by  chemical  or  mechanical 
stimulation  of  the  neighbouring  portion  of  the  superior  vermis  of  the 
cerebellum,  especially  if,  previously  to  the  operation,  the  nerves  goint; 
to  the  liver  had  been  divided.  Moreover,  it  is  a  familiar  fact  U^ 
clinicians,  that  injuries  to  the  head,  epileptic  attacks,  and  esi)ecially 
lesions  in  the  neighbourhood  of  the  medulla,  may  bring  about  a  condi- 
tion of  diabetes  insipidus. 

We  know  already  that  division  of  one  splanchnic  nerve  will  cause 
an  increased  secretion  of  urine  in  the  kidney  of  the  same  side,  and  it  is 
natural  to  imagine  that  the  mechanism  of  the  increased  urinary  sec- 
tion after  the  piquvc  is  of  the  same  nature.  Eckhard  pointed  out,  how- 
ever, that  the  course  of  events  is  ditterent  in  the  two  cases.  After  division 
of  one  splanchnic,  the  flow  of  urine  is  almost  immediately  somewhat 
increased,  and  this  moderate  increase  lasts  a  considerable  time  (three  to 
four  lioiirs  at  least).  The  first  result  of  ])uncture  of  the  medulla  is  a 
<tessati(ju  of  the  urinary  flow.  This  is  followed  shortly  by  an  increast* 
much  jj^reator  than  is  caused  by  section  of  the  splanchnic,  but  <nily 
lasting  one  to  two  bonis.  Moreover,  the  eftect  of  the  diabetic  puncture 
is  observable  even  after  section  of  the  splanchnics,  as  well  as  of  all  the 
nerves  wliieh  may  ])ossibly  send  ])ranches  to  the  kidney.  Eckhard  con- 
<'hules,  therefore,  tliat  the  effect  must  be  due  to  one  of  two  cau.ses: 
either  an  increased  general  blood  pressure,  in  eonsecpience  of  the 
.stimulus  caused  by  the  puncture,  or  the  excitation  of  nerve  fibres  which 
run  in  the  walls  of  the  renal  artery  itself.  The  first  explanaticm  nuisi 
be  rejected,  since  direct  measurement  of  the  blood  pressiu'e  does  not 
show  any  definite  rise  in  consetiuence  of  the  puncture.  We  must  there- 
fore acccj)t  the  second  explanation  as  the  correct  one.  Eckhard  regard> 
these  nerve  iihres  as  seci'eto-niotor,  and  believes  that  the  urinary  secrc- 
ti(jn  is  under  the  control  of  a  nerve  centre,  situated  most  ])robably  in 
the  medulla.  He  bases  this  hy])othesis  on  the  facts  that  section  of  thr 
cord  below  the  medulla  stops  the  fiow  of  urine,  and  that  stimulati<ui  nf 
the  cut  cord  does  not  ])ring  back  the  fiow,  in  spite  of  the  rise  (►f  blond 
j)ressure  which  is  induced.  We  know  now,  however,  that  the  negati\f 
result  (»f  stimulating  the  cut  cord  is  due  to  the  constriction  of  the  renal 
vessels,  which  occurs  t(»gether  with  those  of  other  parts  of  the  IkmIv,  sm 

1  "L<-Voiis  (le  ]»hv.si(.].,"  ISa.'i,  tome  i.  ]».  339. 

"lir'dr.  :.  A/uif/n    /'/nfsio/.   (A>/7<///y/),  Oiessen,   1869.   Bd.   iv.   S.   1-32  ami   ir.e-19:V. 
1^70,  M.  V.  S.  1 17-178  ;  'l872,  Hd.  vi.  S.  1-18  and  .'')l-94. 


INFL  UENCE  OF  NER  VO  US  S 1 52  EM.  66 1 

tliat  the  increased  general  bluod  preHaiire  in  iHAvevlem  to  send  more 
UolmI  tbr^nigli  or  to  raise  the  pressure  in  the  reiiul  eapillai'ies. 

The  facts  can  be  equally  well  explained  if  we  aHaurjie  that  the^e 
liidden  nerve  fibres  are  vjiso-ddatur  in  functiun — an  assiuiiption  wldch 
would  be  in  accord  witli  the  numerous  other  facts  we  luive  learnt  with 
i-egard  t<j  the  regulation  oi  the  urinary  How  by  the  central  nervonn 
ft>-stem.  We  may  conchule,  therefore,  that  tlie  existence  of  secretory 
nerves  to  the  kidney  h  not  proved,  t!ie  subjection  of  the  renal  secretion 
to  nervous  intluenees  being  eilected  exclusively  through  the  interniedia- 
tiou  of  the  vascular  nerves. 

As  an  additional  argument  agiiinat  the  de]jendence  of  renal  secretion 
m  the  ^lervous  system,  Heidenliain  quotes  a  nnndter  of  experiments 
uiaile  by  Bidder^  on  frogs,  in  which  the  secretion  of  urine  continnerl 
uornially,  although  in  some  animals  tfie  wlmle  spinal  cmil,  in  others  the 
whole  nervoufl  system,  with  the  exception  of  the  nicduUa,  hatl  been 
4ei5troyed, 

^  Jrdt. /.  A  not.  u.  Ffitini^f,^  I^ip/ig,  lS4t,  S,  37ii. 


THE  MECHANISM  OF  THE  SECRETION  OF  MILK. 

By   E.   A.   SCHAFER. 

Contexts  :— General  Considerations,  p.  662 — Influence  of  the  Nervous  System,  p.  663 
— Action  of  Pilocarpine  and  Atropine,  p.  664 — Influence  of  Diet,  p.  664 — 
Place  of  Formation  of  the  Organic  Constituents,  p.  665 — Manner  in  which  the 
Secreted  Materials  pass  out  of  the  Cells,  p.  665 — Mechanism  of  the  Discharge 

of  Milk,  p.  CG7. 

The  composition  of  milk  has  been  dealt  with  in  a  previous  article 
(pp.  125  to  140).  Here  it  may  therefore  be  simply  noted,  with  regard 
to  its  organic  constituents,  that  these  are  remarkable  in  being  peculiar 
to  the  milk,  not  occurring  in  any  of  the  other  secretions  or  tissues  of  the 
body  (cf.  liowcver,  footnote  1,  p.  665),  nor  in  foods  which  have  not  been 
prepared  from  milk.  The  mammary  gland*cells,  therefore,  unquestionably 
form  the  pro(hicts  of  secretion  themselves  from  materials  deriveil 
tlirough  the  lymph  from  the  blood,  and  cannot  be  regarded,  except  as 
concerns  some  of  the  inorganic  substances,  as  acting  merely  as  filtering 
agents  for  allowing  the  passage  of  materials  in  solution  from  the  blood. 
And  even  with  regard  to  the  inorganic  substances,^  the  proportion  of 
these  is  so  dillerent  from  that  in  which  they  occur  in  the  blood  and 
lymj)h,  tliat  no  filtration  hypothesis  appears  in  any  way  tenable  even  for 
these.  The  gland-cells  are  further  peculiar  in  that  they  only,  as  a  rule, 
function  actively  for  a  certain  period  after  parturition,  being  at  all 
other  times  entirely  inactive,  although  capable  occasionally — it  is  said 
even  in  the  male — of  l>eing  excited  to  activity  by  stimulation  of  the 
nip})le  by  a  suckini^  action,  such  as  that  performed  by  an  infant.  Prior 
to,  and  (luring  such  ])eriods  of  activity,  the  whole  gland  becomes  greatly 
enlarged,  I K)th  by  an  increase  in  size  of  existing  alveoli,  and  also,  j)erhaps, 
by  a  sprouting  out  of  new  alveoli.  The  cells  lining  the  alveoli  become 
enlaiged,  and  ])robably  also  multiply,  for  they  are  said  to  show  evidence 
of  karyokinesis. 

The  alveolar  cells  begin  to  accumulate  within  them  granules, 
partly  of  a  ]jroteid,  })artly  of  a  fatty  nature  (although  the  latter  may 
more  fitly  be  dt^scribed  as  globules),  and  the  alveoli  get  filled,  before 
there  is  any  call  for  the  pouring  out  of  the  secretion,  with  a  clear  fluid 
(coagulating  t<»  a  finely  granular  material  in  pieces  of  the  gland  thrown 
into  alcohol ),  which  eontiiins  a  few  fatty  globules  of  ditlerent  sizes,  and  here 
and  theie  cells  tilled  with  granules,  staining  with  osmic  acid,  and  appar- 
ently identical  with  the  colostrum  cor pia^lrs  which  are  foimd  in  the  milk  of 

^  Bnni,'»^  lias  shown  that,  with  tlie  exception  of  iron,  the  inor^^anie  substances  of  milk 
occur  in  nearly  the  same  jnoportion  as  in  the  asli  of  new-born  animals  (*' Text- Book,"  Woold- 
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ttie  first  two  or  three  days  after  parturition,  and  which  are  somethnes 

^Teii  to  lie  detected  during  full  laclatiou.     These  colostrutu  eoriiuseles  are 

.a^c^en  to  be  anneboid  when  examined  on  the  warm  stage,  and  are,  tliere  is 

i  ittle  doubt,  leueoeytes  which  have  wandered  out  from   tlie  interstitial 

^z^-innective  tissue  of  the  gland  into  ttie  lumen  of  the  alveoli.     Some  liuve 

.^r^arded  them  as  detached  epithelial  cells,  and  look  upon  their  presence 

i:ii  the  alveoh  and  in  the  milk  a8  evidence  of  the  normal  occurrence  of 

^^UL'h  det-achment  during  active  secretion  (see  p.  600) :  hut  it  must  be 

-T^tlmitt^d  that  they  have  ueithcr  the  appearance  of  epithelial  ceMe,  nor 

^^=30  the  latter  tend  to  exhibit  any  such  aumdioid  movement  as  is  shown 

tjy  the  coloatrum  corpuscles.      These  corpuscles,  in  fact,  seem  to  he 

.^Lrather   analogous    to   the   Haikartf  corpuscks  (see   p.    ^^44),   ami   to  he 

T-nmilarly  derived  from  emigrated  leucocytes. 

During  the  period  of  lactation  the    alveoli  secrete  milk,  not  only 

^^*bilst  the  gland  is  being  drawn  by  the  process  of  sucking  t*r  milking, 

^but  in   the   intervals  of  such    pnictvssus,  so  that  the  milk  accuuiidates 

^■joth  in  the  alveuli  and  in  the  ducts.     The  latter  are  pruvided  with  (in 

jme  animals  very  considerable)  dilatations,  wbicli  stnve  as  reservnirs 

for  the  accumulated  secretion,  and  it  is  mainly  this  accuuiulated  nulk 

Fhich  is  poured  out  during  the  milking.     No  doubt  fresli  milk  becomes 

^^ecreted  trj  take  the  place  of  that  which  is  drawn  away ;  and  as  a  con- 

-^^^omitaut  to  this  fresh  secretion,  there  is  a  c*msiderable  llush  of  blood  t<j 

^fie  gland,     it  has  been  c^dculated  that  the  udders  of  a  cow  cunld  nrjt 

■^"onUim  all  the  milk  wiricli  is  sometimes  drawn  at  one  milking,  so  that 

5>ecretion  must  be  proceeding  at  the  s;LUie  time,     iloreover,  the  hUer 

<lmwn  portious  of  milk  cmUain  more  solids  in  propt>rtion  than  those 

first   drawu.^       Lehiuann-    injected    sulphimligotate    of    soda    suluiioii 

into  a  vein  itt  a  milch    gi>at,  and    at   once    had    the    animal    milked. 

Xo   Idue    appeared   in    tlie   milk    until  the   udders  were   alm^»st  cnni- 

pletely  drawn,  when  there  was  a  slight  tinge.     On  milking  the  aniuud 

again,  after  the  lapse  of  an  Jiour  or  an  hour  and  a  half,  the  milk  which 

liad  c+illected  in  the  udder  was  cnmidetely  blue. 

Influence  of  the  nervous  system  on  the  secretion  of  milk.— 

Although  it  is  a  nuttter  of  comnnai  ex]>erience  that  the  ipianiity  and 

quality  of  the  nnlk  is  in  wonierr  mati^rially  inlhienceil  by  the  condition 

of  the   nervous  system,  the  results  of  experiments  u]»on  animals  have 

furnished  evitlence  im  this  subject  which  is  eitlajr  entirely  negative,  or 

at  most  of  a  somewhat  conflicting  nature.     Eckhard,^  who  was  the  first 

to  attempt  tc»  obtain  suuli  eviilerice.  found  im  marked  diflerence  in  the 

mdk  either  in  quantity  or  ipiality  frum  the  udder  of  a  goat,  tlic  nerves 

(hranches   of   external  spermatic)   j»assing    to  which    had  been  cut,  ms 

compared  with  the  nnlk  drawn  from  the  otlier  side,  tlie  nerves  of  wldch 

were   intact     His    obser%'ations   have   been  repeated  by  others,^  with 

contradictory  residts,  smue  having  obtained  an  increase  of  secretion  on 

cutting  the  nerves,  others  a  diminution,     lint  even  if  an   increase   is 

obtained,  it    has    not    been    determined    whether    this    is   due    to    the 

alteration  in  the  vascular  su]>ply  to  the  gland  rather  than  to  a  direct 

effect  upon   the   gland-cells,  snch    as    is  obtained  in   the  case  of  the 

*  For  references,  see  Heulfnhain,  Hei  ni?iiiira  ''  Hainlbiich,*'  Bd.  iv. 
^  Dia  landwirfhMch,  FErmifht,  1SS7,  Hd,  xsiii,  S.  171 

^  Beitr.  z.  Anal.  v.  rhi^sioL  {£cki(ftr<i\  Git",s>ii^ii,  Ib'^i*. 

*  Ruhrig,  ijUfitixl  by  lieitkuhaiii  (Hermaiui's  '*  Hainlhiicb,"  Bd.  iv.) ;  do  Sim'ty,  Guz, 
fnM.  df  Paris,  1870,  p*  51^3  ;  VuUntoviirz,  VnitrfilU,  f.  Phj/sioi,,  Li-iji^^ig  ^^'  Wi»'ii,  ISSJ^, 
Bd.  ii.  8,  71 ;  Mironow,  Jrrh.  tk  gc.  bio/.,  Si.  Pt^ttraljonrg,  1H95,  tome  iiu  p.  4£>ii. 
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(paralytic)  secretion  of  saliva  after  section  of  the  chorda  tympani. 
Likewise,  the  effects  which  have  been  got  by  stimulating  the  cut  nerves, 
and  which  have  been  usually  in  the  direction  of  diminishing  the 
quantity  of  the  secretion,  may  well  be  ascribed  to  vasomotor  changes 
rather  than  to  direct  nervous  influence.  All  that  can  be  said, 
therefore,  on  this  question  is  to  repeat  the  statement,  that  the 
experimental  evidence  of  such  an  influence  is  still  lacking,  however 
probable  its  existence  may  be  from  the  everyday  experience  of  changes 
produced  in  the  milk  of  nursing  women,  as  the  residt  of  emotional 
conditions. 

Action  of  pilocaiyine  and  atropine, — The  drug  which  has  the  most 
marked  effect  in  increasing  most  of  the  secretions  of  the  body,  namely, 
pilocarpine,  is  stated  to  have  little  or  no  effect  upon  the  secretion  of 
milk.^  On  the  other  hand,  atropine  is  well  known  to  be  constantly 
employed  for  nursing  women,  in  whom,  for  one  reason  or  another,  it 
is  desired  to  dry  up  the  secretion.  Short,  however,  of  stopping  the 
secretion  altogether,  atropine,  given  in  smaller  doses,  is  found,  whilst 
diminishing  the  amount  of  fluid  secreted,  to  cause  the  secretion  of  a 
more  concentrated  milk.^ 

Intlunice  of  diet. — The  quantity  and  quality  of  the  food  is  well 
recognised  as  having  an  important  influence  on  the  quantity  and  quality 
of  the  milk.  The  most  abundant  and  richest  milk  is  yielded  when  the 
diet  is  liberal,  and,  in  the  case  of  carnivora  (bitch)  certainly,  but  less 
certainly  in  the  case  of  herl)ivora  (cow),  when  it  includes  a  larger  pro- 
portion than  usual  of  proteid  material.  And  it  is  not  so  much  the 
albuminous  constituents  of  the  milk  (casein  and  lact-albumin)  which  are 
increased,  but  especially  the  proportion  of  fat.^  This  indeed  has  been 
held  to  be  one  of  the  most  cogent  arguments  in  favour  of  the  view 
contended  for  by  Voit,  that  animal  fat  is  formed  mainly  from  proteids.* 
An  increase  of  fat  in  the  food,  without  a  simultaneous  increase  of 
proteid.  does  not  cause  an  increased  secretion  of  fat  in  the  milk.^ 
Xot  only  the  amount  of  proteids  and  fat,  but  also  the  amount  of  sugar, 
is  increased  as  tlie  result  of  giving  proteid-rich  food.^  Alcohol,  given  to 
goats,  lias  also  been  found  to  increase  the  fat  of  milk.' 

It  (Iocs  not,  of  course,  follow  that  because  an  excess  of  a  particular  organic 
principle  in  the  food  produces  an  increase  of  certiiin  constituents  of  the  milk, 
that  those  c<jn.stiluents  are  directly  produced  from  such  material,  for  the  efi'ect 
may  he  produced  indirectly  by  the  functions  of  the  gland-cells  becoming 
modified,  accordinj^'  to  the  nature  of  the  pabulum  they  are  receiving.      Looked 

'  Hanmiail.aclifr  (^'oat),  ^re//.  /.  d.  (jrs.  Physiol.,  Bonn,  1884,  IM.  xxxiii.  S.  228: 
Conicvin  {('(rinitt.  irnd.  Soc.  dr  hiol.y  Paris,  1891,  p.  628)  found  tliat  in  the  cow  the  amount 
of  milk  virMrd  was  not  influenced  hy  tlie  daily  injection  of  0'2r>  gnn.  pilocarpine.  See 
also  Mironow,  Im-.  ri(. 

'  llaniiiiai'haclitr,  /oc.  rif. 

"'  TIh'  evirlt'Tice  for  tliis  is  ^nvcn  by  Ileidenhain  (Heiinann's  "  Handbuch,"  1882,  RI.  v.) 
where  also  all  the  most  imp(»rtant  references  on  tlu*  influence  of  diet  up  to  that  <late  will  h*s 
found.  The  folhnviiii,'  may  also  be  cited--W.  Kirchner,  Ml/rliiatinuj,  1891,  IVl.  xx.  : 
('.  Schneider,  "  Einthiss  versch.  Fiitterunfj  auf  d.  Zusammensetz.  der  Milch,"  Diss., 
Leil)zig,  1.^93. 

■*  Sec  article  en  "  Metabolism." 

'' Ssnbcitin,  V i rr] loir's  Air Jt 1 1\  18»)6,  Hd.  xwvi. ;  Cenfraihl.  f.  d.  med.  Wissenseh.,  Ik-rlin. 
18^)6.  S.  'S?>1  ;  Kemmerich,  ibUL,  S.  4rt7  ;  Kuhn,  Journ.  f.Landu'irthjtch.,  1876,  S.  381  ; 
Weiske.  ihif/..  187>^,  S.  447;  ('f.  also  Juretschke.  "  Einfluss  versch.  Oelkuchensorten  auf 
dem  Fetti^'ehalt  der  Milch,"  Diss.,  Leipzig,  ^'^^^3. 

*^  I.  Munk,  Jrch.  f.  irissfusrh.  ,f.  prali.  Thu'vh.,  Berlin.  1881,  \k\.  vii.  S.  91. 

"  Stumpf,  DmMrs  ylrrh.f.  k1b\.  Med.^  Leipzig,  1882,  Bd.  xxx.  S.  201. 
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jit  in  this  light,  certniii  substitni'eN  may  be  said  to  stiiiiulate  the  cells  of  the  glands 
to  mcreased  activity  in  al!  directions,  tending  to  the  production  of  a  larger 
tioantity  of  railk  rich  in  all  kinds  of  solid  con.Htituent^  ;  wliilt^t  other  substances 
maj  be  looked  upon  as  stimulating  the  cells  in  a  .special  manner^  Iftnding 
to  die  increased  iircHluction  of  ceit^iin  only  of  the  eoiiBtituents  of  tli©  milk. 

Place  of  fonnation  of  the  organic  constituents, — As  already 
riotieed,  the  fiKit  that  the  chief  organic  eojistituejits  of  the  milk  are 
peculiar  to  the  .secretion,  and  do  not  occur  as  sueli  in  the  blood  or 
lymph,  may  be  regarded  as  sufficient  evidence  of  tlieir  being  fonned  in 
the  gland  itself.*  The  casein  is  in  all  probaliility  produced  by  a  mole- 
cular change  in  the  composition  of  the  serum  albumin  or  globulin, 
which  is  supplied  to  the  cells  from  the  blood  or  lymph.  The  fat  may 
be  formed  by  the  cells  of  the  gland  from  protcid,  or  possibly  even  from 
(arbohydrate  materials  fiu'nished  by  the  blood  ;  or  it  may  be  taken  up 
directly  from  fat  wbirh  has  Iteen  formed  elsewhere,  and  which  is  always 
present  in  a  certain  small  amount  in  Ithiotl  and  lymph.  For  while,  on 
the  one  hand,  there  exists  no  clear  evidence  to  .show  that  the  manmiary 
gland  can  itself  manufoeture  fat,  it  is  extremely  probable  that,  in 
common  wdth  most  if  nnt  all  other  cells  in  the  body,  the  cells  of  this 
gland  do  possess  such  a  faculty.  With  regartl  to  the  characteristic 
8ugar  of  the  secretion,  and  which,  being  characteristic,  must  be  pm- 
(lucetl  by  the  gland  itself,  tliere  i.s  some  evidence  to  show  tliat  this  is 
formed  from  dextrose,  wliich  is  itself  manufactured  elsewhere  tlian  in 
the  gland.  That  thi.s  is  so  would  appear  from  the  frdlowing  experiment 
]py  Panl  Bert/-  I'ert  removed  the  mammary  glands  from  goats, 
tlien  alloweil  them  to  become  pregnant.  After  parturition,  the 
urine,  during  three  days,  contained  a  substance  whicli  ]*e(hu  ed  eupric 
oxide  and  apiie^irc^d  to  be  dextrose.  This  was  not  present  before  par- 
turition, nor  was  it  found  in  normal  auininls  eithin*  before  or  atter 
fiarturition ;  it  was  therefore  jiresnniably  forme* I  in  the  organism  in 
lai'ger  amount  than  usual  for  the  pjurpose  of  becoming  converted  into 
lactose  in  the  mammary  glamh 

la  view  of  the  fact  that  Iactt»se  is  frequently  found  in  the  urine  in  wnmen, 
iuid  in  mammals  generally,  imineiliately  hehire  ami  after  jKuturitioii,'  this 
expriment  of  Bert  .seems  to  need  repetition,  esj*ecially  since  he  appears  not  to 
have  kolat<?d  or  c-arefiilly  exannned  the  reducing  substance  wliicli  he  detected. 
The  lactose  found  in  the  uririe  rdter  fHtrturititai  has  ^^ctierally  been  supposed 
to  be  re-absorbed  fiom  the  secretion  winch  ha,s  formed  in  the  Mlvrfjli  and  ilucts 
nf  the  maunnary  glands, 

Thii^rfclder  *  has  pointed  out  tliat  both  tin*  casein  and  .sugar  uf  niilk  cciuld 
be  derived  froiu  the  nuclea-pmteida  or  glycoq>mteids  of  the  gland  cells  by  a 
jir^>ces.'»  of  splitting.  In  giupport  of  this  view,  a  formation  of  lactose  is  said  to 
occur  on  keejang  portions  of  nduecd  fresh  niaininary  gland  in  normal  saline 
solution  at  the  temi>erature  of  tlic  body  ;  the  lactose  being  pre  ceded  by  a  colkdd 
carbijhydrate,  identical,  according  to  Landwehr,^  with  Ids  *' animal  gum."'  This, 
however,  does  not  affect  the  (juestion  of  the  ultimate  sources  of  origin  of  tiief^** 

^  A  im&ll  qamitity  of  casein  is  sind  \n  ocoar  ia  the  sevrutifni  of  the  aebat^eous  glaTids 
(Neumeiftter,  '*  LehrljiTch,"  Anil.  ii.  S.  A'^M),  TliLs  is  nf  intercut  in  f-oniiei:^tioii  with 
the  fact  that  llie  nianniiiiry  glands  hiive  been  regard 'd  an  n-jirest  iiting  enlarged  nnd 
lTin«iifie<t  seWctions  glands. 

*  Vmfipt.  ravi,  Acmi.  d.  sc.,  Paris,  1884,  tome  xevtii.  Ko.  13, 

*  Hofraeister,  ZtJtehr.  f.  phtmoh  ('htm.,  SlraH.^burg,  1S7S,  B<h  i.  S.  101. 

*  Arth.f.  d,  g^$.  Phyxiol.,  lionn,  lSs3,  WA.  xxxii.  S.  61l». 
^  md,^  1887,  B-1.  x!,  S.  2L 
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constituents,  which  are  probably,  as  already  stated,  the  proteids  and  catbo- 
liydrates  derived  from  the  food. 

As  to  the  manner  in  whioh  the  secreted  materials  of  the  milk 
pass  out  of  the  secretory  cells. — If  we  put  aside,  as  resting  upon  no 
solid  basis  of  fact,  the  suggestion  of  Strieker,  which  was  taken  up  more 
seriously  by  Rauber,^  that  the  organic  materials  of  the  milk  are  carried 
into  the  alveoli  by  emigrated  leucocytes,  which  there  break  down  and  set 
free  their  proteid,  fatty,  and  other  constituents,  we  find  ourselves  face 
to  face  with  three  possible  methods  by  which  the  secreted  materials 
which  are  formed  and  accumulate  within  the  gland-cells  may  i>as8  into 
the  lumen  of  the  alveoli.     The  three  methods  are  as  follows : — 

1.  Tlie  cells  may,  as  in  the  case  of  the  sebaceous  glands,  bodily 
break  loose,  and,  becoming  detached  and  disintegrated,  set  free  their 
content.s  within  the  alveoli. 

2.  A  part  only  of  each  cell,  namely,  the  free  end,  may  break  loose, 
l)ecome  detached,  and  disintegrate. 

.*>.  The  cells  may  extrude  their  secreted  materials  into  the  alveoli, much 
as  in  the  case  of  other  secretions,  without  undergoing  any  histologiciil 
disintegi'ation. 

Of  these  three  views,  the  first  has  found  support  mainly  on  the  gi'ound 
of  the  analogy  with  what  happens  in  the  case  of  the  sebaceous  glands  of  the 
skin  ( witli  whicli  the  mammary  glands  might  be  looked  upon  as  in  a  certain 
sense  lioniologous),  in  which  such  a  complete  disintegration  of  the  whole 
cell  occurs,  its  place  being  supplied  by  another  cell,  which  is  produced  by 
cell-division.  ^loreover,  the  colostrum  corpuscles  have  been  regarded  as 
exami)lcs  of  such  detached  cells  filled  with  secretion,  which  have  not 
become  disintegrated.  Those  corpuscles,  however,  as  we  liave^  seen,  are 
rather  to  be  looked  upon  as  of  the  nature  of  leucocytes  than  as  epithelial 
cells  ;  nor  do  we  find  such  evidence  of  cell  multiplication  in  the  mammary 
L^liind  as  would  ])e  at  all  suflicient  to  account  for  the  very  large  number 
of  cells  wliicli  would  have  to  become  detached  in  order  t<»  furnish  the 
oriranie  constituents  of  the  secn^tion.  lleidenliain  -  has  calculated  that 
tlie  L^Luid-eells  would  hav(^  to  be  totally  renewed  five  times  in  the 
course  of  every  twenty-four  hours,  in  order  to  yield  the  solids  of  the 
milk.  'J'iie  second  view  may  be  looked  upon  as,  in  a  sense,  a  modifica- 
tion of  tlie  first  one.  It  was  due  originally  to  Langer,  an<l  has  been 
nl)ly  advocated  by  rartsch  and  Heidenhain.'^  According  to  this 
view,  the  secretion  products  which  are  foi'med  in  the  gland  be<*ome 
unadually  accumulated  within  the  free  ends  of  th(»  cells,  which  in  the 
meanwhile  lengthen  out,  and  in  ])lace  of  being  Hat  or  cubical  become 
columnar  and  ])roject  into  the  lumen  of  the  alveolus.  The  enlarged  free 
end  is  th(Mi  su]»])ose(l  to  burst  or  to  become  detached  and  disintegrated, 
and  tlms  to  set  free  the  accumulated  products,  while  the  fixed  ends  (.)f 
the  cells  (with  tln^  nuclei)  are  su})})osed  to  remain,  ready  to  again  g«» 
lhrouL:li  a  similar  })roe(*ss. 

The  evi(Icnc<'  adduced  in  favour  of  this  view  isehieiiy  of  a  histological 
nature.  It  is  the  case  that  in  some  alveoli  of  glands  in  full  secreti<»n, 
the  cells  are  occasionally  seen  proj(M;ting  somewhat  prominently  into 
the  lunuMi ;  and  it  is  certainly  the  case  also  that  the  cells,  and  perha].s 
especially   such    ])rominent    i)arts,    contain    fatty    globules,  similar    in 

^  '•  r.  l.cr  <l(ii  y\^\  xww^  iler  Mileli."  lA-ipzii,',  1871^ 

-  L>"\  '•/'.  •■  ]"i<h  ITri«loii]jain.  irjK  ci(. 
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tppeuunee  to  those  of  the  milk.  Nevertheless,  it  uuist  he  ailmitte^i 
lOAt  Buch  appearances,  althcmgli  they  iiiay  occAsioiially  he  sL'eii,  are 
decidedly  rare.  It  is  so  iimeh  Du^re  comuion  to  see,  even  in  the  most 
ictively  secretrng  glands,  the  alveolar  cells  iniiformly  fattened,  or  at  most 
very  feliglitly  projecting. thut  1  slumld  not  hesitate  to  siiy  that  the  columnar 
appearance,  which  ha^  lieen  deserihed  and  figured  by  Heideiihain,  is 
♦juite  exceptional,  and  is  in  all  [irohahiliLy  due  to  the  alveoli  in  which 
it  occurs  heing  collapsed.  Every  idstologist  is  aware  of  the  extreme 
ditferences  in  shape  which  are  pripdueed  in  epitlichal  cells  lay  altera- 
tions  ill  the  conditions  of  the  surface  which  they  cover.  Thus,  cveii 
the  extremely  tiattened  epitiielial  cells  wliich  line  the  hlotxl  vessels 
may,  when  exanuned  in  sections  of  vessels  which  have  been  hardened  in 
a  ci>ntracted  and  collapsed  condition,  project  like  columnar  epithelium 
cells  into  the  iumen  ol  tlie  vessel  And  the  dillierences  in  height  of 
the  cells  lining  the  alveoli  %A  the  uiainuiary  glands  may  very  well  be 
simUarly  produced.  Tliis  is  indeed  rendered  probable  from  the  observa- 
tion of  Heidenhain/  that  in  dilTerent  lijlades  of  a  gland  the  rclls  vary 
in  height,  but  in  the  same  lobule  tliey  have  the  sjime  height :  and  by 
the  additional  observation  of  the  same  ol»server,  ((/)  that  in  a  hitch 
winch  was  suckling  seven  vigorous  ]nip]»ies  the  cells  were  very  high; 
(k)  that  in  another  well-fed  milch  bitch,  which  was  not  suckcil  tor 
forty-eight  hours,  they  were  remarkably  low;  for  llie  alveoli  in  these 
cases  would  be  Haccid  and  tense  respectively. 

The  histological  evidence  in  favour  of  this  view  must  therefore  be 
admitt^?d  to  be  extremely  weak,  nor,  except  pcrha[)s  in  the  ease  of  tJie 
unicellular  glands  of  some  invertebriites,  m\\\  the  similar  unicellular 
.Hecreting  strurtures  which  fnrm  the  mucns-sci  retnig  goblet-cells  of  vertc- 
bi-ates,  is  tliere  any  analogrtus  instance  of  the  extrusion  of  a  secretion 
by  the  breaking  down  of  part  i>f  the  gkuid-cells.  Moreover,  the 
argument  which  was  used  l>y  Ileidenhain  against  the  hist  view,  that 
it  would  involve  the  renewal  of  the  so  Instance  of  the  epithelial  cells  of 
the  mammary  gland  five  times  in  twenty-four  hours,  will  apply  with 
shght  modificatiiut  equally  to  the  second,  and  adds  a  furtlaer  consider- 
able ditHeulty  to  its  aeceptance. 

The  third  view,  fui  the  other  hand,  has  the  analngy  of  nearly  all 
the  other  secret^jry  structures  to  sui»piut  it.  It  involves  no  necessity 
for  assuming  such  an  enormous  building  up  ami  breaking  down  of 
protoplasm  as  is  required  for  the  other  two :  and  although  we  must 
admit  that  the  present  state  of  our  knowledge  does  not  }iernnt  us 
to  understand  how  and  why  it  is  tliat  certain  substances  are  formed 
in  these  cells,  and  jiass  fioni  tliem  into  tlie  lumen  of  the  alveolus,  the 
same  admission  must  he  maile  for  all  other  secretions.  Nor  is  tlie  fact 
that  the  fat  of  the  milk  is  extruded  from  the  cells  in  an  undissolved 
condition  any  obstacle  to  tlie  acceptance  of  tlie  view  in  qtui^stion,  since 
it  ia  protmble  that  the  granules  wldeh  are  found  in  many  other  secretory 
cells  (f.^.  those  of  the  salivary  glands),  and  which  are  passed  into  tlie 
lumen  of  the  alveolus,  are  extrmled  as  gramdes,  and  are  hrst  dissolved 
in  the  secretion  outside  the  rclls.^ 

^  hot,  eit. 

'  The  mk:ro»eo|>jeal  changes  in  tlie  tdls  of  tli<'  luaiiiiiiary  glaiul  (iuriuj,'  :scrii'tioii  liave 
been  re^tDtly  ni«<le  thi?  .subJeL't  nf  Httirly  \*y  StLiiihaus  {ArHt.  j\  PhifnioL,  I4ii|^/I^^  1892, 
SuppL,  S,  &4)  atid  Szaljo  {ihtd.,  IHH,  H.  lil).'  Tin'  roiincr  liniisfvirj^-iir  e  ol  trtqiK  nt  luitotii; 
diviwon  of  the  cell  nuclei  (withuut  8iibsrf|itfint  divi^ictn  of  tfir  tvAU),  aii<l  of  triiiiKjonHa- 
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The  discharge  of  milk. — The  discharge  of  milk  from  the  ducts, 
which  is  produced  by  the  action  of  sucking  or  milking,  is  partly  the 
result  of  direct  mechanical  pressure  upon  the  gland,  and  especially 
upon  the  milk  reservoirs  of  the  larger  duets,  partly  due  to  a  con- 
traction of  the  plain  uiuscular  tissue  which  accompanies  these  ducUi. 
and  whith  appears  to  lie  set  in  action  by  mechanical  stimulation 
of  the  nipple.  The  plain  muscular  tissue  occurs  also  in  the  nipple 
itself  in  some  abundance^  and  by  its  contraction  causes  a  kind  of 
erection  and  increased  prominence  of  the  nipple.  This  probably  serves 
the  purpose  of  keeping  open  tlie  numtha  of  the  gland -ducts  w^hich  open 
upiin  the  rounded  apex  of  the  nipple,  thus  allowing  of  the  free  onttiow 
of  the  secretion.^  The  flow  is  also  in  nil  probability  assisted  by  a  rU 
a  frrf/o,  derived  from  the  swelling  of  the  whole  gland  by  the  reflex 
dilaUition  of  its  arterioles,  and  consequent  increase  of  C4i]>illary  pressure, 
and  of  lymph  ex\idation  ;  and,  to  a  flight  degree  also,  by  newly  secreted 
milk,  which  liegins  to  be  formal  by  the  gland-cells,  in  respcmse  either 
to  tiiib  increased  supply  of  Idood  and  lymph,  or  to  reflex  secretory 
influence's  passing  directly  to  the  gland-cells.- 

tion  of  the  mielear  substance  into  f^it.  Tin/  lattrr  i<mld  Hutl  no  iiiitoiJti»  fluritig  IacCk- 
tii>n,  ult hough  ht-  foiiiiitl  two  or  three  iiuelei  in  each  rtll.  Ho  also  dej^eribe^  the  accuniiila- 
tion  in  tlie  cells  of  alhuniiiums  grannies  which  iimlergo  ]>e(nliar  chaitgw*  of  form,  &ti*i 
are  iiltimat<  ly  extnided  into  the  alvi-uH  ami  there  tJisiiolvcd.  These  tibaervatious  require 
ton'ohoratioii, 

»  Cr,  Henier  '^Qn  Niii|de  Refiex/'  BnL  M^fL  Jottrti.,  London,  Nov.  7,  18»6. 

^  cr.,  however,  what  htm  hcen  already  i*aid  oti  this  subject  on  [*.  tttil^S. 
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Skin  SErnETiONS. 

Oomparative» — The  HBcietionB  of  tlie  skin  iii  vertel nates  fall  reiiiUly 

i^iito  two  niaiii  flaBK^a — (tr)  Thnse  in  which  a  watery  solution  k  elaho- 

■.*ated  by  the  gLiiid-cells,  and  (//)  those  in  wliich  ]irnihiets  of  metanior- 

^ihnsis  or  degenemtioii  of  the  ;^hirui-etdls  theniHelve.s  fnnii  the  secretion. 

As   types   of    the    furjMei'   ela-ss   may    he    iiistaiieed    the   Hweat    nf 

TXuanmialH,  and  the  nlinie  of  fish  and  luany  auiphihiaus:  of  tlie  latter, 

"l:he    secretion    of    the   various    nioditieatirms    of   sehaeeous    glands    in 

:iimiiimal8 ;  of  the  nropynrial  gland  of  laaiiy  birds  ;  and  the  tihre  «eere- 

^iuns  of  the  skins  of  certain  llsh  {Mfprht*',  AivjUilh,  etc.). 

Such  Hetjretions  are  ]iut  to  a  variety  of  uses  in  tlie  vertebrate  series. 
Of  the  first  class,  the  sweat  of  the  nianinial  is  nl  cuiee  an  excretion  and 
'1  me^iiis  of  regulatiaj4  body  t(*niijeratiire  liy  eva|)oratioii,  vvfiile  the 
slime  of  the  frog  or  tish  is  ia'ottM.*tive  in  fiiuc  ti<itL  Uf  the  serimd  class, 
the  greasiness  of  the  seinnu  of  the  maininal,  or  secretion  of  the  tail 
gknd  of  the  Ijird.  protects  skin,  hair,  (*r  phnnage  from  iinl»ihition  <jf 
water;  tfie  secretion  of  the  Alcihonnau  glands  of  the  eyelids  ]>revcnts 
flverHow of  tears :  the  viscosity  nf  the  ear  wax  ijiteiferes  with  the  entrance 
of  foreign  bodies  into  tiie  an<litory  eanal :  while,  in  special  eases,  vnlatile 
subBtances  of  good  or  evil  odomv,  eitntained  in  the  seeretitai,  !jiay  serve 
the  purposes  of  sexual  attractirai  or  protection  from  encnries. 

In  liairy  mannnak,  it  is  unly  in  niMUia  ciuse.<,  «)r  on  eertiUJi  j^firts  I'f  tln^  hodvj 
that  Hweating  is  <il»si*rv*'d,  blulilat^i,  rats,  iind  mice  uvr  n<tt  knoivu  t^i  sweat  at 
alh  the  dog  sweats  but  litti*",  tb<*  rat  only  <'n  tlir  bairlrss  puds  of  the  feet; 
while  on  the  othei  hjoid  thr  leasr  swcjits  prtifnsnly  oii  ;ill  juirt.s.  The  suouIjs 
of  pigs  and  oxen  rontuin  ^'laiids  similar  lo  swrat-j^Iands,  the  M-rretion  of  whir-li 
keeps  the  pint  moist. 

Instances  of  ^datuls  iisoil  for  i)arpo8es  of  sexuul  attraetina  are — the  gbouls  of 
the  snbiorbital  pit  of  nmay  ramiaantH'*  and  .souie  bogs,  tin*  rbeek  j^land  of  the 
*dephant,  the  ]>ect^>ral  glioids  of  certain  tropiral  iMit.s^  thr  Hank  j^lnnds  of  shrewsj 
the  sacral  glainl  iif  the  peceary,  th^*t^'miI^  glands  of  antrbq>i  s,  tho  jireputial  glaads 
of  the  Ijt^aver  and  musk-ileer,  the  anal  glands  l^f  thr  itarr,  nijosupiat'^j  armadillos, 
twotoed  .slotli,  ottiT,  hy«eajis,  and  civets  and  tlie  ^daails  at  the  hasc  of  the  niil 
of  Khrews  and  thr  fox.     The  anal  j^lands  of  the  skunk  nre  ased  for  protrittinn. 

The  lax»f  glaiel  of  most  bisnlrate  tni;,ailat*',s  ojieadag  in  the  cleft  betwrrn 
the  two  divisions  of   tlie   hoof,    is   prubalily  of   nse    in   |)roteL"ting   tbr   horny 
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matter  from  imbibition  of  water ;  in  the  one-homed  rhinoceros  a  gland  opens  on 
the  posterior  aspect  of  each  foot. 

Tlie  function  of  the  curious  gland  at  the  back  of  the  thigh  of  male 
monotremes,  supplying  its  secretion  by  a  long  duct  to  the  hollow  homy  spur  on 
the  heel  (so  like  in  arrangement  to  the  poison  gland  and  fang  of  a  snake)  is 
not  known  with  certainty. 

There  are  glands  in  the  skin  of  the  male  of  the  kangaroo,  Haimaiurm 
rufus^  which  secrete  a  red  substance  adhering  to  the  hair,  while  the  maxillary 
j^lands  of  the  female  dwarf  antelope,  Ceplialolophus  pygmccusy  secrete  a  blue 
substance  reddened  by  acid.^ 


Chemical  Nature  of  Skin  Secretions. 

{a)  Watery  secretions. — Naturally  the  composition  of  the  sweat 
(»f  mail  and  mammals  has  received  more  attention  than  that  of  other 

skin  secretions. 

Since  the  (iuantity  of  sweat  secreted  is  dependent  upou  so  many 
conditions,  it  is  of  little  value  to  quote  tlie  numbers  obtained  by 
(litterent  observers,  apart  from  a  statement  of  the  special  conditions 
under  which  the  observations  took  place. 

There  are  several  methods  of  collecting  the  sweat  of  the  whole  body, 
(»r  of  special  i)arts.  Evaporation  may  be  hindered  by  enclosing  a  part, 
such  as  the  forearm  and  hand,  in  a  rubber  bag,  and  the  sweat  collected 
in  a  bottle  tied  into  the  lower  end  of  the  bag.*^  The  subject  may  sit  in  a 
l*etteukofcr  and  Voit's  respiration  chamber  (but  breathe  through  tul»es 
to  the  exterior),  and  the  water  given  otf  by  the  skin  be  calculated  from 
the  readinirs  of  hygrometers  in  the  ingoing  and  outgoing  currents  of 
air.^  Or  the  secretion  of  tlie  skin  may  be  stimulated  by  raising  the 
temperature  of  the  surrounding  air,  while  the  whole  body,  with  the 
exception  (»f  the  head,  is  enclosed  in  a  convenient  receptacle.'*  liy 
the  hot-air  nu^tliod,  Argutinsky  •''  collected  a  (iuarter  of  a  litre  of  sweat 
in  half  an  hour,  at  a  temperature  raised  during  the  exi)erinient  from 
27  to  41  (\  Schierbeck,^  by  the  hygronietric  method,  calculated  that 
iu  his  own  case,  when  clothed  and  at  rest,  the  air  in  contact  with  the 
skin  ix'ing  at  the  noinial  temperature  within  clothing  i^oT  C),  2  or  :*» 
litres  of  sweat  were  given  ofl'  in  twenty-four  hours.  No  calculations  <»t 
the  total  scrrt^ion  of  sweat  can  be  made  from  local  estimates,  because  the 
I'ichiicss  of  vai'ious  districts  of  th(^  skin  in  sweat-glands  is  very  ditterent. 

In  tiie  l)ody  at  rest  the  sweat  is  evaporate(l  as  fast  as  it  is  formed, 
and  it  is  only  under  conditions  exciting  the  glands  to  increased  action, 
that  the  lluid  collects  upon  the  surface. 

In  tiic  resting  condition  of  the  body  the  temperature  of  the 
surr(»un(lin^  aii-  must  be  raised  U)  about  .'>.*^)°  (\  before  the  stimulus  to 
increased  arti\  ity  of  tlie  sweat-glands  is  evoked.'' 

The  following  tabhj  is  of  interest  as  indicating  that,  at  the  time  of 

'  W.Imi-.  Jrrh.  /.  iitilr.  Jihit.^  lionn,  1888,  lid.  xxxi.  S.  4'.'P.  For  furtlior  inforinatioi. 
on  sucii  ;4liiils.  >!•.•  (  Kv.ii,  ■' ( "oiujiarativt'  Anatomy  an<l  Pli\>iolo;;y  of  Vtrtt'l>rata,"  Lr-»inloij. 
180>,  vol.  iii.  \K  ''•'■-:  LtydiLj^  Ztsriir.  /'.  irUs,  n^rh.  X"o/.,  Leipzig,  18.')0,  B«l.  ii.  S.  1  anil 
glan.l.s). 

-'  Ansclniiiio,  \\  a<,Mitr's  "  IIanil\vort«'ii)nrli  <1.  Physiol.."  ait.  "  Haut." 

^  SfliicrlMck,  Av'h.  t.  P/n/sioL,  Leipzig.  l^iKi,  S.'llt5. 

■*  Favie,  Ct'injit.  rr,i(l.  Jcdd.  (L  sc.  Paris,  18r»'J,  tome  xxxv.  p.  721. 

'  Jrrh.  /.  (I.  'j.s.  P/n,sioL,  Vjouu,  1800,  Hd.  xlvi.  8.  5i>4.  «  Loc.  cit. 

"  Sehi.-ll.erk,  /'>.:.  rif. 
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I     Iha  hwakiiig  out  <4  sweat,  the  exLaxititjii  of  carbon  dioxide  l>j  the  skin 
'     is  also  suddenly  iiK'ieased,  a   fact   luohaljly  related    Uy   the  iiuTeased 
iitlinty  of  tlie  ^land -cells  : — 

Ejceretion  of  Waitr  aiid  Carbon  Dioxide  by  the  Skin  al  mrioiiit  Temperatures 

of  Sn  rrou  ndi^ig  A  ir, 
(Sq«ate  experiments  on  saiiie  iu4ivitliial,  imkeil,  iu  &  Petteiikofer  liiHl  Volts  eliamber).* 


TMnDemturc  of      1     Wat<?r  Ejtcnetinii 
CbAitibcr.  !   (Orms*.  per  HourX 


2r%s  L\ 

22-2 

30"4  ,, 

n-s 

sr^fi  *, 

71-9 

5r»  ,, 

.^0-3 

32''8  „ 

73  4 

S5''8  „ 

82-6 

»'*4  „ 

106 -a 

»'-7  ., 

107-0 

sr-i  „ 

168-8 

four  Hfjiim). 


Carbon  Dioxide 


Cttrboa  DioxJdJt 


532-8 

6ii7*2 

17:^5 -6 

1207-i 

17HP6 

2568*0 
3811*2 


■37 
•40 
37 
'35 
•85 
'87 

1*04 
•0 

1*23 


8-9 

8"1> 
8*4 
8-4 
20 -f» 
25-0 
21-6 
29  .'^ 


The  sweat  of  man  is  a  ("olourless,  opalescent  liquid  of  salt  taste, 
pooreat  in  Bolids  of  all  \hv  socretiims,  tlirmgh  richest  in  salts  in  relation 
to  organic  solids. 

Sweat  is  acid  in  reaction,  even  when  c^dlected  from  the  palm  of  the 
baiitl,  where  there  is  nn  dunger  of  ailiiiixture  of  sehacenuH  secretion. - 
Tim  acidity  if*  probahly  due  to  volatile  fatty  licidis,  which  may  he 
suljsequently  driven  oi\\  leaving  an  alkaline  reaction  at  the  aurfaee  of 
the  skin.*  In  profuse  sweating  the  acidity  may  give  w^ay  t^i  neutrality, 
followed  later  hv  alkalinity.* 


hi  lomi  tittits. 

Favre. 

SeJmltiit, 

Kiiiiki?. 

W^nti^r          .... 

99:. -573 

!i77-4n 

9S8-40 

Solids          .... 

4-427 

22't5U 

11 -SO 

Epithelium 

4-20 

2-49 

F»t 

■013 

Lat'tateH       .         .         .         , 

■317 

11* 

... 

Sudoratt*    ...» 

l'i>61i 

.♦» 

Extractives 

■005 

n-;jo 

UreA    .         ,         ,         ,         . 

•044 

1-.^,^ 

Sodic  (■blonde      . 

2-230 

iym 

Potassic  fhlorid*' 

-024 

.  •• 

ScmIic  [iliosi>hiitt3 

Trat'cH 

IM 

Alkaline  »ul| ►harm's 

■Oil 

-39 

... 

EftrtUy  phoi*j>Itutes 

Tiaeen 

,,* 

ToUl  salts  .         ,         .         , 

... 

7-00 

4-36 

XoTE  Tu  TaiilE.— Tlio  Hiidurif  or  hidi-otie  ndd  of  Favre  Iuva  not  hoan  foiijid  by  any 
WiWijttent  *»Wr\vi H.  Hi^  gives  tlu-  empirical  lormiik,  Cj^H^^HgO^^.  Lactie  acid  hLsm 
''"      Ibeeii  round  by  any  other  oljuerver.'' 


*  Scliierbeck,  lot:  cif, 

*  Fran^ob- Franc k,  *'Uirt,  cncycl.  d.  sc.  und./'  Piir>s,  1384,  S«^r.  :^  tome  xiii.  p.  r«l, 
Art.  '* Sueur,*' 

^Tourton,  **TUcj*cde  Lyon,"  IHT^r,  Xo.  24,  Svw  1. 

*  Far  re,    /w*.    di,  ;    Truuipv  and   Luchsiujjffi,    Arch,  /'.  d.   tjts,   PhifHioL^    liuiij],    ]S78j 

m,  xviii  s.  494. 

*  ForanAlvabMl:'hU'eatora  rbiniiiiatii- jwitient,  si'n  Hanimk,  Frn't:tchr,  ti.  M€tL,  Purlin.  lS9-j, 
S.  91  ;  aUo  fermaTin,  Jahtfuh,  ti.  >/.  Fttrfsfhr,  ff.  Auaf.  f.  PhijsUyL,  Leipzig.  l!!i95j  Ud.  ii. 
S.  226. 
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The  specilie  r  of  liiiiiidn  sweat  its  1003  I^j  1006* 

The  table  on  p,  ,  from  Beaunis/  givas  the  comi>oaitirm  of  8Weiit  aeoovdinjc 
to  Favre,*  Schottin,   ^ud  Funkr* :  ^  — 

Belatively  to  the  hktride^^  the  sulpha le«  and  phosphates  of  sweat  ard  \^m 
ahiindant  than  iti  iirii  \     The  foHowitig  tahle  ib  from  Kast :  ^  — 


Sweat 
Urine 


OhLoridcii. 


PhosphAtcf.    {     Sulphfttei, 


I 


■0015 
132 


There  is  no  tlrnil^t  that  urea  ifl  present  in  the  sweat  of  tnoti;  the 
variations  in  eatiinates  of  the  amount  Ijy  difierent  observers  bein;: 
probably  CHUBed  by  ditiereuees  in  t!ie  kpue  of  time  between  collection 
and  estimation,  and  conse(|uent  variations  in  the  amount  of  tran.H- 
formation  into  aminouium  earbonate. 

In  tw(j  lots  of  swe^it  collected  i>y  the  hot-air  njethod,  Ai^tinsky'^ 
found  that  '363  grin,  urea  was  present  in  225  c.c,  uf  sweat  collected  in 
half  an  hour,  and  '410  j<nn*  urea  in  another  Bamjile  of  330  c.c.  e^jUecteJ 
in  three-qtuirterB  uf  iin  hour. 

Of  the  total  nitrt.i;^en  excreted  by  the  skin  in  one  ease,  68^5  per 
cent,  was  present  in  urea,  and  ^U'5  |>er  cent,  in  ammonia;  wiiile  in  the 
other  the  nuni  hors  iriven  are  74  "9  per  eent  of  total  nitrogen  in  urea,  and 
25  1  per  cent,  in  ammonia. 

The  same  observer,  by  taking  severe  walking  exercise  in  a  special 
suit  of  clothes,  which  was  extracted  at  the  end  of  the  period  of 
work,  and  the  extract  analysed  by  the  Kjeldalil  method,  obtained  results 
as  follows : — 

Work.  Mgrms.  of  Nitrogen 

excreted  by  the  Skin. 
20  to  22  kilometres  in  seven  hours  (July)         .         .         .         704*4 
18  to  20  „         with  ascent  of  1300  metres  (August)  .         763-5 

1600  metres  (October)  219*3 

The  nitrogen  excreted  by  the  skin  may  amount  to  4*7  per  cent 
of  that  by  the  urine,  and  hence  may  have  to  be  taken  into  account  in 
some  experiments  on  nitrogenous  metabolism. 

Ill  uriemic  conditions,  the  excretion  of  urea  by  the  skin  is  greatly 
increased,  so  much  so,  in  some  cases,  that  crystals  of  urea  have  been 
found  on  the  skinJ 

According  to  Cai)raiiica,®  creatinine  to  the  extent  of  '04  per  cent. 
is  present  in  human  sweat.  The  small  amounts  of  fatty  acids  are  made 
up  of  formic,  acetic,  butyric,  propionic,  and  caproic  acids.  Ethereal 
sulphates  of  phenyl  and  skatoxyl  are  present  in  small  amount,  the 
proportion  of  ethereal  to  inorganic  sulphates  lacing,  according  to  Kast,^ 


190. 


^  "  Nouveaux  elt'nieiUs  de  physiologic  Iminaine,"  Paris,  1888,  3rd  edition,  tome  ii.  p. 


-  hoc.  cit, 

^  "  De  Sudore,"  Diss.,  Leipzig,  1851. 

*  UiU4'rsrich.  z.  XcUnrl.  d.  Mensch.  u.  d.  Thierc,  1858,  Bd.  iv.  S.  36. 

^  Ztschr.f.  physioL  Chtm,,  Strassburg,  1887,  IM.  xi.  S.  501.  •  Loe.  cxL 

'  Schottin,  loc.  clt. 

^  Arch.  ital.  dr  hioL.  Turin,  1882,  tome  ii.  *  Loc  cit. 
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1  to  12.  Tiidigo  is  sometimes  develo|>ed  in  sweat,^  thiHigh  whether  from 
iiidoxyl  secrtfte<l,  or  as  the  reBuh.  nf  the  growth  of  chroniogeiiic 
microorganisias,  is  not  certain. 

The  swei^t  i^f  the  hovsi^  Uji-h  b(  en  BtinHt^^l  liy  L*'clf»rt;  -  niul  Fred  Smith.^ 
This  gee  ret  ion  tioniially  contains  prutei<!.'^,  a  fiut  whirh  may  i*artly  accuimt  for 
iJie  debilitating  effect**  of  profiLse  swtniting  in  li*>r,ses. 

Perceniaije  Composithn  of  Sinai  *\f  Hot\<t  (Fred  Smith). 

Alkaline,  sp.    gr.    1020;  Water,   y4'3776i    Organic  soHiIs,  '5288;    Ash, 
5-0936. 

Serum  alhuniin          .         *         .         .  1049 

Serum  glnhuHn          ....  *3273 

Fat.         ......  0020 

CIilL*rine  ......  "3300 

Lime '0940 

Magnesia *2195 

PhoK|)hi>rif  acid          *         *         .         .  Tntce 

Sulphuric  acid            ....  Trace 

Soda %S265 

PotiLsh 1-2135 

Both  Li^clerc  and  Smith  found  urea  in  the  sweat  of  tfie  hoiv^e. 

The  s^weat  of  the  hijiiM>p»tamus  cuntains  a  redd ishd)ru\vn  pigment  not  yet 
identiaed.* 

Cuisine^  has  invef?tigate<l  thfnifi>iitiiHjas  nf  that  pint  of  tht-  ''^wrat"  of 
>hoi.'p  which  i»  soluble  in  water.  He  fninid  [lotash  ."^naps  nf  the  fatty  aciiii* 
fr^rni  acetic  to  capric  ;  ur(^a  and  ainnioninm  cai!M>iiate  ;  potash  salts  of  malic, 
glycolic,  pyrotiu'larie,  oxalii-,  succinic,  lactic,  hipfairie,  bi'iizuic,  inni  nrii'  acids; 
pbenylsulphate  of  potassium,  anti  trates  of  h'Urinr  ami  tyrosine,  Malic  aeid 
wa,s  previoui*ly  unly  known  as  a  ve^'i4al»Ie  product. 

Of  the  watery  secretion  of  the  skin  of  am[>lHhians  little  is  kuttwn.  The 
fBflction  of  the  secretion  tif  the  **  mucou.^  glands"  is  alkaline,  while  that  of 
the  *' granular  glands,*''^'  ehi*'Hy  found  on  ihr  ilorsil  surface  of  tin*  tlaiiks 
&nf|  logs,  in  acid.  A<*cor<linf^  to  Leyvlig/  acriil  suhstaiices  are  secreted  in 
aiJdition  to  mucin,  in  the  cEi.se  i»f  the  tree  fro;^'.  In  the  cA^e  of  the  salainautler 
^nd  tmd,  jujisimous  sidjstanccH  have  been  sepantted.'^ 

tiratiolet  an<l  Cloez  ^*  state  that  the  poisrmntis  substance  in  the  skin  t^landsof 
ttf^  tuid  and  :>ahimaiaJer  is  solnhle  in  alcohol  aihl  of  the  nature  of  an  alkaloid. 
Vulpian '^'  anil  moi-e  recently  Pliisalix  aTid  lierlraiMp'  have  invesligatetl  thiH! 
«^l»taiice  in  the  case  of  t  h e  toa r  1.     The  s >  n  1  j  1  to i n s  i » f  jti  * i m mm ^'  a  re  — ] wi n  1 1  y sis 

'Bizio,  Sit-uiuf.^b.  d,  L  Jkittf.  tL  Iftssemrh.,  Wica.  Bil,  xxxix.  S.  :13 ;  Mufiiianu, 
^^ier^  rued,  fFehmchr,,  IbT'i,  S.  Jicj  ;  Her;,niitiaii,  Sf.  VcUi'sln  mnl,  ZUdit.^  IS^iS, 
H  xiv.  S,  28. 

-Campt.    mtd.    Amd.  tL    >^f.,  VmU,    18H8,  torni'  «'vii.   \\.    Vl-\, 

^Jount,  PktjsioL^  Ciiniljiiil^**  fiinl  Lotnlun,  lSt>0,  vol,  xi.    [k  4l>7. 

*  Weber,  '*Htu<h  iL  Saa^etljii^'re,"  Jtiia,  IHSrt,  1^.  T*. 

^Compt.  remi,  Acad.  d.  w.,  I'ttHs  IhSiJ,  loijn'  viu.  [•.  ia6;  1^57,  tiau<^  elv.  p.  Iti92  ; 
^fl'll«i88»  tonjDcvi,  p.  1426. 

""Hennann,  Arfh.f.  d,  gc*,  Pht/siof.,  Boaa,  187a,  IliJ.  xvii.  S,  2rn. 

"^  Arch.  f.  mikr.  AnaK,  IJonn,  1875,  B<i.  xii.  S,  111*  ;  a\v\  Biol.  VciUralbL,  Eikngen, 
im.  Ikl,  xii.  S.  4r*8. 

'Xalesky,  Hi^pprSnflfTA  Mttl.fhem.  Uttfrrntch.,  Herlin,  \m*\,  Bth  i.  ^S.  85  ;  CafeiiH, 
Mrab.  iL  d.  Fortachr.  d.  lliur-CUm,,  Wiesbaden,  1^73,  S.  64  ;  Foiimra,  ibid., 
^m,  S,  74. 

*  CmnjH.  rentL  ActuL  d.  mc,  PrtHs,  18.1 '2,  tome  xxxiv,  p.  729. 
^'^Cojnpt.  rend,  Soc.  dr.  hiol,^  Paris,  18'>4,  p.  13 a. 

^^  Arrh.  dt  phjfitwi.  mtrm,  d  path.,  i'aris,  lS?:i,  St-r.  Tj,  tumc  v.  [»,  TUl. 
VOL.  I.— 43 
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Dommeiicmg  in  ind-limbs,  sluwiug  and  ftsial  arrest  of  the  heart,  itiul 

constriction  of  tJit.  piL  Frogs,  guinea- pi gf4j  and  Rmall  birds  are  killed  hx 
injection  of  the  al.  olic  extract  uf  the  collection  of  glands  forming  the 
8o-called  "  parotids  af  the  toad.  The  poisonous  siihstjinee  m  dialyeable, 
and  in  probably  an  alk  loid.  The  hlomi  of  toads  also  conUiins  small  amoiuit^ 
of  this  substance,  and  the  seTuiii  of  ii  tuad  will  kill  a  frog  if  introduccsd  inta 
the  dorsal  Ijmph  sac. 

The  slime  of  hdi  i  secreted  by  goblet  cells  in  the  epidermis,  but  has  been 
little  investigalctl  fro  i  the  chemical  stTodpoint,  on  account  of  the  great 
difficidty  in  obtain  ir;;^^  it  in  sulheient  qnantitio^,  oiid  free  from  foreign 
substances.  The  filime  of  Myxine  tjlatinma  is  niosit  ea4?ily  obtained,  and  is 
found  to  contain  a  mucin -like  body,  which,  howevert  doe^  not  jield  a 
reducing  sugar  on  boiling  with  dilute  acid  J 

The  reaction  of  the  skin  of  the  eel  tuid  of  Mt/xtrt^  is  alkaline  to  litmuR, 
hut  curiously  does  nut  affe<^t  plicnophthalein.  A  reducing  tiugar  can  be 
obtained  from  the  slime  nf  the  eel  by  boiling  with  Oilute  add  J  Ac4.^.onling 
to  Alcock,'*  the  sliinc  of  the  Ammttcat^  larva  yields  a  proteolytic  ferment  on 
extraction. 

(6)  Sebaceous  secretions, — -Such  seeretinns  are  formeil  by  prolifera- 
tion and  8ab8e(|uent  ilegfOL^nition  uf  the  cells  liniog  the  sel*aceous 
glands,  ill  which  karyv»kinetic  tignres  are  frequt^iU>* 

These  glands  aro  present  over  the  whide  Hurfaee  of  the  bfKly,  with  the 
exception  of  the  jialinw  of  tlie  hands,  soles  of  the  feotj  dorsjil  surfac4i  of  the 
third  phalangeSj  and  glans  peius. 

Since  it  is  iinpiii^j^ihle  to  collect  sufficient  quantities  of  the  eebnm  of 
mail  for  analyBis,  %ve  ha%^e  tfp  rest  content  with  analyses  of  the  contents 
of  selmcei^us  cysts,  the  remix  mseosa  of  the  foQtus,  or  the  contents  of 
dermoid  cysts  of  tlie  ovary. 

Glycerin  and  cholesterin  fats,  fatty  aciils,  albumin  (casein  0,  free 
cholesterin  and  iflocholesterin,  with  water  and  saltrt3  are  the  main  con- 
stituents of  sebum. 

The  following  table  is  taken  from  Hoppe-Seyler :  ^ — 


Water    .... 
Epithelium  and  albumin 
Fat         ...         . 
Fatty  acids     . 
Alcoholic  extract    . 
Water  extract 
Ash         .... 


Contents  of  a 
Distended 
Sebaceous 

Gland  in  Man. 


317-0 

617-5 

41-6 

12-1 


11-8 


Vemix  Caseosa 
of  Man. 


669-8 

40-0 

4750 

150  0 
33  0 


Smesrma 
PrepuUi 
of  Man. 


560 
528-0 

74-0 
61-0 


Smegma 
Preputu 
of  Hone. 


499*0 

96*9 
64  0 


^  Journ.  Physiol.,  Cambridge  and  Lond(m,  1893,  vol.  xv.  p.  488. 

'"'Reid,  Phil.  Trans.,  London,  1894,  vol.  clxxxv.  p.  319. 

3  Proc.  Phil.  Soc,  Cambridge,  1891,  vol.  vii.  pt.  5,  p.  25'2. 

•*  Biz/.ozero  and  Vasale,  Med.  Chir  CnUralbL,  Wien,  1884,  S.  77  and  179. 

*  "Physiol.  Chcm.,"  Berlin,  1881,  Th.  4,  S.  761. 
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Sotiiitschewskv,^  in  an  analysis  of  a  dennoid  cyst  of  the  ovary,  found 
tripalmitin,  tristeariii,  ant!  triolein  ;  Hoaps  of  the  acids  of  these  fats  and 
of  capruie  and  i'ai>ryhn  acids,  alhuuiin,  cholcsterin,  and  an  alcohol  of 
liigh  molecular  weigl it,  which,  however,  wn^  nrit  cctyl  alcohol.^  Tyrosine, 
hyptxaothin,  xanthin,  Biigar,  and  glycogen  were  al>?*ent. 

The  veniir  caseo.^a  nf  man,  according  to  RnppeP  antl  Lichreich,'*  con- 
Ittins  ch4ile«fceriii  fatt?  nf  oleic  and  palmitic  acids,  as  well  aa  glycerin  fats, 
and  also  free  cholesterin  and  iHucholesterin. 

The  irrumrn  of  tlie  ear  has  heen  investigated  hy  Fetreqinn^^  and  is 

fuund  to  contain  potash  soaps  of  oleic  ami  steurit' acids  in  the  case  of  man 

im4  the  ux,  while  in  the  dog  the  base  is  lime,  and  in  the  liur.se  nnignesia. 

WiHil  fat,  the  sehaceons  sticretinn  nf  the  she(*p's  .skin,  was  proved  liy 

Hartmann*^  to  contain  no  glycerin  fats,  lait  only  tfmse  with  cholesterin 

AS   alcohol     Sclmke  and   IJrich '  cniilirmed    this,  and  also  found  free 

cholesterin  and  isocholesterin. 

These  cholesterin  fats  (so-f.rdled  '*Lumline")  liave  heen  specially 
investigated  hy  Liehreich,'^  who  [inds  that  they  are  assnciated  with 
Iceratiiiised  strnctures,  and  arc  rmt  necessarily  f<>rmed  in  sehaciious 
jillandi*,  hut  may  be  formed  within  epidermic  ceils.  T*»rtoiae.sliell,  whale- 
Ijone,  horn,  «|uilLs  oi  porcupme  and  liedgehog,  hoof  of  horse,  and  beak  of 
crow,  all  contain  these  fats.  Tfie  skin  of  the  two-toed  slotli  has  no  sebace- 
ous glands,  and  yet  contains  cliidesterin  fats,  while  ]>igeonH  bereft  of 
^heir  nropygial  glantts  still  have  these  .substances  in  their  feathers. 

Such  fats  are  iieculiar,  in  that  tliey  can  take  up  more  than  their  weight 

of   water,   and   also   in    that  they   do   not   bec<>me  rancid,   and  oHer  a 

complete  pr<Jtection  against  the  entrance  of  micro-organisms.     fielux*ich 

compares  them  to  the  wax  of  plants,  which  is  an  ether  of  a  monohydric 

alcohol  with  a  fatty  acid.^ 

The  secretion  of  the  tniil  gltind  of  the  bird  ^'^  lia.s  hetm  elu/iniLally  invpsti- 
gateil  by  de  Jongc.^^ 

Die  secretion  coritiiins  retyl  alc<4ioi,  thr  alcuhol  uf  ,speriii:ireti.  Xu  sugar 
or  urea  is  present.  Geest*  de|iriv(Ml  of  the  1^0!  gland  ^md  iiuUHTst'd  in  uMter  are 
fmml  to  t:ike  np  iroiu  lw^^  to  tu<i-aiid-a-lialf  times  us  mui  h  wuter  in  their 
|>l(imuge  as  iinrmul  birds, ^- 

The  su'Cfllhd  '*pigt^ons*  milk,"  with  wliifh  tie-  youn;,^  hinls  ure  fed  by  b  ith 
part'nts  during  the  earlier  days  of  hf<\  is  [^nictimUy  a  sebai^t^uu.s  ^leoretion  <>f 
temporary  glands  formed  in  tlie  J  a  tend  pouL'hi\s  of  tlie  eru]*  in  hoth  cock  and 

^  Zidrhr.f,  phijsiot,  f'hem.,  StnuHslmrg,  18^<0,  M.  iw  S.  345. 

'EniHt  hwUvig  {Z(s**hr.  f,  phynoL  Ch^fii,,  ►Stitisslnirg,  1-S1L>7,  i\<\.  xxiiL  S.  38)  lias  quite 
rwently  fourKJ  ectvl  jilmliol  in  tlie  coiitrnts  nf  ikriiiuMl  t-vstn  uftlic  uvary. 

»/6irf.,  Ism,  nil.  XXL  S.  122. 

*  **  VerbamJl.  li,  B«rl.  phyj*ioK  Gcsellsr-h./'  in  Arch./.  rhyswL,  ]Aiii'/Ag,  181>0,  S.  363. 

^Cffrnjii.  rettd,  AcofL  d.  .vr.,  Paris,  \^W^  tome  \\\\.  js.  t*^7  ;  at^u  ltf»jf»,  totnt;  Ixviii. 
f  ftiO;  Jahrcsb.    U.   d,   Foj-tsrhr.   d.   Thkr-Chem.,  Wki^lhidm,  l^U,  Ilii   i.  S.  3ij  ;  IS74» 

m.  ii.  a  sa. 

Mnaug.  Dis«.,  Gottingcu,  1868. 

'  Btr,  d.  diidsrh.  chrm.  ar^f^n^rh.,  Berlin,  1S72,  Bd.  v.  8.  1075  ;  1871,  tkl-  vil  S.  ,170. 

^  Berl.  klin.  Wthmchr,,  ISJ^fj,  Bd.  xlvii.  S.  761  ;  CmtipL  mui.  Acad,  d,  j*f.,  Pat  is,  18S8, 
t^tnf?  cvi*  ji*  1176;  and  '*  VerliandL  il.  HtvL  phvsiol.  (JL'sdlsfli./'  in  Arch./.  !*hydol.f 
Uip%  1890,  S.  363. 

"Tlie  aecretiou  of  the  Harlerian  glaiif]  <irth«-  oH»it  ofrodttits,  tluingli  latty  in  iiaturoj  is 
not  formed  by  dlauit^grntion  uf  <X'ilH  .  Wcadt,  '  rdiPt  fiie  HatdiTHulie  Dniat','*  Stra^burg, 
1S77 ;  Kamofki,  BiuL  CavtralbL^  Krhin^aii,  IM.  ii.  .S.  709» 

*"  For  anatomy,  sec  Robbj  Kofismanu,  irtfrAr.  f,  icisse^vsch.  ZotL^  b«ip^^c^'i  ^^'^b  t'd. 
Ill  S.  568. 

^^  ZUckr.  f.phvsioL  Chim,,  Stmssburg,  Bd.  iii.  S.  225, 

"  Max  Jiifitfh^ Arch,/  FhmoL  Leipzig,  1591,  S.  SL 
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hen.     It  coiitiiins  fat,  a  proteid  clotting  with  rennet,  globulin,  salts,  and  water, 
but  is  free  from  sugar.  ^ 

The  secretion  of  the  leg  glands  of  lizards  is  probably  of  sebaceous  nature.- 
In  certain  fish,  in  addition  to  the  secretion  of  slime  by  the  goblet  cells  of 
the  epidermis,  a  formation  of  fibrils  takes  place  from  specialised  cells,  termed 
"  club  cells,"  which  may  be  distributed  in  the  general  epidermis  or  located  in 
special  glandular  involutions,  as  in  the  Myxinoid  fishes.  This  secretion  reaches 
its  highest  development  in  the  Myxinoids,  and  accounts  for  the  extraordinarily 
tenacious  slime  of  this  class.  The  process  has,  however,  also  been  observed  in 
the  case  of  the  eel  and  lamprey.^ 

Mechanism  of  the  Secretion  of  Sweat. 

Goltz*  ill  1875  discovered  the  fundamental  fact  that  excitation  of 
the  peripheral  end  of  the  divided  sciatic  causes  the  appearance  of  bejids 
of  sweat  on  the  hairless  pads  of  the  liiiid-foot  of  the  cat.  He  also  saw 
the  same  ellect  iu  a  dog.  In  the  next  year,  Ostroumow,^  and  Kendall 
and  Luchsiiiger  ^  confirmed  the  result,  and  extended  the  details  of  the 
experiment. 

Ostroumow  showed  that  excitation  of  the  abdominal  sympathetic 
cord  produced  the  same  effect ;  that  even  after  ligature  of  the  aorta,  sweat 
was  still  secreted  upon  excitation  of  the  appropriate  nerves :  and,  finally, 
that  injection  of  atropine  completely  annulled  the  effect  of  such  excita- 
tion. 

Kendall  and  Luchsinger  obtained  the  effect  upon  the  fore-leg  of  the 
cat  and  dog,  l)y  exciting  the  nerves  of  the  brachial  plexus,  confirmed 
the  fact  of  the  persistence  of  secretion  after  occlusion  of  the  aorta,  or 
crural  artery  in  the  case  of  the  hind-limb,  and  further  showed  that,  even 
after  amputation  of  the  leg,  sweat  could  be  jn'oduced  on  the  pads  of  the 
foot  for  sonic  fifteen  to  twenty  minutes,  by  stimulation  of  the  sciatic. 

The  fact  that  the  production  of  sweat  is  an  act  of  true  secretion, 
and  llu'  existence  of  sudorilic  fil)ics  having  been  demonstrated,  the 
course  of  tiie  fibres  from  the  S])inal  cord  next  engaged  attention. 

The  existence  of  sweat-fil)ies  for  the  lower  limb  in  the  abdrmiiiial 
sympathetic  cord,  demonstrated  by  Ostroumow,  was  confirmeil  i>y 
Luchsinger  '  and  Nawrocki,^  and  extended  by  i)Oth  the  latter  observers'' 
to  the  thoracic  sympathetic  cord,  for  the  fore-limb.  Liiter,  sudorific 
tihres  for  the  face,  running  in  the  cervical   sympathetic,  were   demon- 

^  John  Iluiitir,  '•  Oliscivatioiis  on  (N;rtaiii  Pail.s  of  the  AiiiiiKil  G!)cononiy,"  Londou,  17>*», 
p.  IIU  ;  IIiiss.-,  /hrhr.  J.  rat.  Mni,  186r>,  Keilie  3,  Bd.  xxiii.;  Claude  Bernard,  "  Lv^ 
liiiuidts  dc  l"(»r^'aiiisiii(',"  Paris,  isr»l»,  tome  ii.  \h  232:  Teiclnnann,  Arrh.f.  mikr.  Aiuit., 
1)01111,  l'^^'.',  1)(1.  wxiv.  S.  225;  (.'liari>oiiuel-8alle  et  Pliisalix,  Compt.  r»nd.  Arcul.  d.  .<-•.. 
Paris,  iSMi.  t..nic  (iii.  j..  280  ;  Pliisalix,  Compf.  rend.  i:iiH\  dc  bioL,  Paris,  181*0,  Ser.  9,  1«'M;,' 
ii.  |..  3»;>  :   laid,  J!'jk  JJn'f.  Ass.  Adv.  -SV.,  London,  181)4,  p.  812. 

-' 1j  vdiLT,  ''l)it;  in  l)ent>chland  lehenden  Artcn  der  Saiiricr,"  1872  ;  Batelli,  .In-I,.  /. 
mlh-r.  Jinrf..  Uoiin,  1S7'.'.   Hd.  xvii.  S.  'A\C). 

^.I.  Mi.ll.i.  ••I'nKTsurh.  u.  di,.  Ein-.'wrid.' dor  Fis.dic,"  DvvVm,  lS4r>.  S.  11  :  K^llik.  r. 
ir>n-.h.  and.  Zt.chr..  ]>»50,  lid.  i.  S.  1  :  K.  K.  Sehul/.e,  Arrh.  f.  mikr.  A>ud..  Bonn,  l-'i7, 
IM.  iii.  S.  ]:;7  ;  F.titin^<r,  /;////.  Arad.  rrn/.  d.  .sr.  d'Jhhj.,  Brux(dlcs,  l87t),  S.'-r.  2.  t.'".- 
xli.  p.  :.'.'!*  ;  P.loiiilifM,  ijimrf.  dnnr,i.  Mirr.  St\,  London,  1^82,  vol.  xxii.  p.  :.i5r>  ;  Kcid. 
/'hi/.   Tru,>s.,  London.  IMM,  vol.  <lxxxv.  p.  :>A\K 

'  Arrh.f.  d.  ,,...  I'In/sin/,,  |i,,im,  187',,  B.l.  xi.  S.  71. 

"  L.  1.  in  d.tJnysn.  ii.  d.  Fort^rhr.  d.  An'if.  a.  J'/u/sio/.,  Leipzig,  1877,  Bd.  v. 

•■•  Arrh.  J.  d.  >,,^.  /'/n/sio/.,  Bonn,  1870,  lid.  xiii.'s.  212. 

•  Ihi</..  lionn,  1^77.  Bd.  xiv.  S.  lUV.K 

-- rr>i/nd/J.  J.  d.  ni>d.    Jf'issnusAi.,  Wien,  1878,  S.  2. 

"  Nawidcki,  (\-ut.ralhI.  f.  d.  mcd.  JTis^cjisAi.,  Berlin,  1878,  S.  17  ;  Luchsinger.  il-i '.. 
1878.  S.  'M'k 
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gtratcil  br  Luchsin^er^  and  Nawrocki,-  in  the  horse  and  pig  by  the 
former  observer,  and  in  the  pig  by  the  latter,  Botli  agreed  that  the 
fibres  reach  the  fiweat-glands  uf  tlie  face  by  the  infra-orbital  lirani-b  of 
the  tifth  cranial  nerve,  tlie  junctiun  being  etleeted  l>y  bninchea  from  the 
caveramis  |ilexu8  of  the  sympatlietit'.  Neither  uf  thene  investigators 
could  satisfy  himself  of  the  inesence  of  swtA^t-fil»reH  in  the  facial  nerve. 

The  origin  of  the  midoriiie  fibres  in  the  siiioal  eonl  has  been  studied 
by  Lnehsinger,  Nawrocki,  Yulpian,  Ott;^  and  more  recently  by  I^ngley.* 

In  tlie  ease  of  the  hind-lindi  uf  the  cat,  aci-onHng  to  Lan«;Iev,  the 
Budorific  fibres  enter  tlie  syni])athetic  coid  by  tlie  wltile  rami  caumnmi- 
canUs  of  the  lant  t\vi»  tliuraeic  and  first  tlnee  nr  fonr  hmiliar  nerves, 
become  conneetetl  witfi  nerve-cells  in  the  sixth  ami  seventh  Inndjar,  ami 
first  and  second  8ticral  ganglia  of  the  synipatlietic,  and  leave  by  the 
jBjey  rami  of  these  ganglia,  to  enter  the  anterior  divi.si(»ns  <\f  the  corre- 
sponding spinal  nerves,  and  su  the  sciatic.  Tlie  first  and  second  Inmbar 
spinal  nerves  seem  to  supply  the  greatest  nnmbei'  of  seerettny  fil>res. 
The  grey  raniUH  to  tlie  sixth  lumbar  nerve  is  found  to  cbietly  supply  the 
sweat-glands  of  the  inner  part  tif  tlie  foot,  that  to  the  neeond  sacral 
oerve  the  onter  part,  and,  in  the  main,  the  snccesHive  rami  from  above 
downward  supjily  strips  of  the  skin  of  the  foot  from  within  outwards, 
though  considerable,  and,  in  ditlcrent  iiidivi<luals,  varied  oveilMpjiing  of 
fields  ia  noted. 

In  the  ca.se  of  the  f<>redimb,  the  same  u}>server  fimis  that  the  sweat- 
nerves  are  sn])iilied  to  the  symiiathetie  chain  by  the  fourth  tu  the  iiinlb 
thoracic  sjiinal  nerves,  the  main  ontdow  of  fibrea  being  usually  found  in 
h  nerve  imar  the  nnddle  of  the  series.  All  these  fiines  run  up  in  the 
sjmiiathetie  cord  to  the [faftf/liori  sfrlhtf vm^  where  a  connection  with  nerve- 
cells  is  efiecte<l,  and  by  the  giey  rauji  of  this  gnnglion  rench  the  brjichial 
plexus,^  and  so  the  median  and  uliKtr  nerves  for  their  Hnal  distribution. 

The  grey  ranri  to  tlie  sixtli  and  seventh  cervical  nerves  seem  to  t  hielly 
supply  the  inner  ]iart  of  the  fore-fo<jt,  wliile  that  to  tlie  hrst  thoracic 
iiene  chiefly  supidies  tlie  outer  put. 

The  fibres  for  the  fsice,  according  to  Nawrocki,  leave  the  cord  by  the 
second,  third,  and  batrth  antcri<ir  roots,  and  run  u])  in  the  ccrvii  al  sym- 
jiathetic  to  finally  reach  the  infra-orhital  branch  of  the  fifth  cranial 
nerve,  rid  the  cavernous  plcxtis. 

Vulpiiin'^  luid  Oil"  ni;iiht:iitMHl  iliat,  iu  addition  In  the  sudorific  fibres 
sujiplied  to  the  hmli^  vif'f  the  synipatlictie,  (others  are  suit[>lieil  directly  froia 
flif  oord  with  the  nervps  f.^'uiing  the  liiah  plexuses.  The  existenrc  tyf  sul-Ii 
fibres  was  ilenied  by  Ntiwroeki,  loid  Lsoigley  fully  ioiilirni-^  the  slatuments  of 
this  observer. 

Furthermore,  Vnlpian  :ind  Dit  niaiot;iined  tli:it  inhibitory  iibrcs  t«>  the 
^eat-glatid8  exist,  hwI  ihe  therary  hri'^  hetu  HMeiitly  r+'vivnl  hy  Arleiug.^ 

Yulpian's    evidence    f^v    the    I'xisO-me  of   sucli    lihns   w:>s,   tluii  eonteui- 

»  Arck.f.  fl  grs.  Pbm^iL,  Hoiin,  18S0,  Fid.  xxii.  8.  126. 

*CenlralbLf.  d.  mat   Ulssin^Hdi,,  nerlm.  18M0,  S.  945. 

^Comjfi.  rcTuL  JauL  d,  »c.,  PariH,  1S7S,  ti»iiio  Kxxvi.  [•[>.  t30S  ritid  H.31  ;  Ott,  Jovt-a. 
F%ff8ioi.,  Camltridgc*  and  I^tmdoii,  IHJD,  vol.  li.  p.  42. 

*/&irf,,  1S9],  vol.  xii.  |«,  347  :  ihirl.  1SS"I,  vul.  xvii.  ]k  29G. 

*Eckhftrd  (Arch,  f,  Anuf.,  Piusnol.  v.  «  a*  jMr-A.  J/.//.,  IVrliTi,  1849,  S,  427)  u"*'tf»s  a 
c«e  in  niao  where  contusion  of  the  brachial  pkixua  led  to  coiitiutious  sweating  of  the  hantl 
OQ  the  »idp  of  the  inj  n  ry. 

•  Loe.  dL  '  Loc,  rif. 

^  Arch,  dr  phyiriof,  vttrm.  €l]tttfh.,  Vavh,  1890,  Si'r.  f",  toriit  ii,  |».  1  ;  find  IJ^SI,  St'r.  5, 
tome  iii.  p.  241. 
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poraneons  excitation  of  cut  sciatic  and  abtlomiual  sympathetic  caiiBes  Itss  eiwt^ 
on  tlie  patls  of  a  cat's  fei^t  than  exci tuition  of  eciutic  iilone,  ojid  tju*  sWrai- 
Btimulathig  drug  pilocirpinG  CiUiHes  more  swojitiiig  when  snifitfc  or  synif*ithrt4fi 
are  cut  than  intact. 

Later,  Vulpiau '  abandoned  thi,H  tln'ory.  lie  was  led  to  the  idea  f«f  th** 
existencf^  uf  inhibitory  tibies  in  tlie  cervical  sympatht'tle  by  consideralion  <A 
the  olil  ex[K'riment  of  Diipny,-  in  which  section  of  the  cervicfd  wym|athelJc 
in  the  horse  leads  to  sweating  on  the  face  on  the  side  of  sect  in  u.  Mew  cxc*< 
of  blood  supply  to  sweat-ghmds,  from  the  %^aHr»-diIation  which  occurs  Kimi;t»; 
tancously,  Ib  probably  jj^ir  m  no  stimulus  U^  the  action,^  but  thert*  is  no  tlonlil 
that  the  excitability  of  the  glauils  is  thereby  raiseri,  iiml  if,  with  Lucli«ing»«f,', 
it  is  admitted  that  a  few  ssveat- fibres  originate  with  the  fifth  cranial  nerve, 
result  is  siiiiply  due  to  painful  reflex,  for  Lncliningergot  no  sweating  on  6«?cli<<i 
of  the  sympathetic  in  the  neek  of  a  chloralised  liorse,  though  slimulatiun  of 
the  peripheral  end  gave  abumJance, 

Tlie  evidence  adduced  by  Ott  is  the  immediate  cessation  of  a  ?'ecretic«ii  pit- 
viously  evoked  by  jdlocurpine,  on  excitiitii^n  of  the  peripheral  end  of  th« 
divided  sj'iatic.  Even  if  it  were  admissible  that  the  accompanying  \"a*oin<j 
constriction  could  cause  the  effect  (which  it  is  not,  seeing  that  in  the  ^w^ 
tated  foot  sweat  caii  still  be  called  forth),  the  result,  he  maintains,  is  ohtaiiiw! 
too  suddenly  to  Ijc  accounted  for  in  this  manner. 

Again,  he  states  that  irritation  of  the  abdoniinal  symfiathetic  c4as«8  a 
dryneas  of  the  pidy  of  the  foot  on  the  side  of  irntation,  and  that  pilticarjrtn©' 
accentuates  the  difl'erence  in  condition  between  the  foot  on  the  side  of  imti- 
tion  and  the  normal  foot  on  the  oiqKisite  side. 

Finally,  divi,<ion  of  the  abdondnal  sympathetic  produces  moist  jxidst  cm  the 
side  of  section,  and  injection  of  pilocarpine  makes  these  i>ads  sweat  befixw  ibt 
others. 

In  ArIoing*8  experiments  on  oxen  and  donkeys,  the  cervical  sympathetic  ii, 
divided,  and  time  is  allowed  to  elapse  until  the  vaso-dilation  has  poii^etl  ciL 
Pilocarpine  now  produces  more  marked  secretion  on  the  side  of  section,  whiti 
is  interpreted  as  meaning  that  inhibitory  impulses,  restraining  the  action  of  lb* 
glands  on  the  sound  side,  have  been  removed  on  the  side  of  section. 

It  has  always  been  a  matter  of  difficulty  to  difl'erentiate  the  action  «if  iw* 
oppositely  acting  sets  of  iibres  running  in  the  same  nerve-trunk,  and  it  moil 
be  aduiitted  that  tlie  evidence  so  far  for  the  (existence  of  inhibitory  Hhrwfaf 
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Exci tuition  by  appropriate  stimuli  of  tlie  regions  of  the  spiiial  oori 
from  which  the  sweat-fibres  emerge  leads  to  an  outpcturing  of  sweat  on 
the  parts  of  the  skin  sin>idi(id  by  theBO  fibres.  Thus,  if  tlie  fipin 
is  divideil  above  the  exit  uf  the  twelfth  tlionieie  nerve  in  the  i 
the  auiiual  exjxjsed  to  beat  (00"  to  70"  U  for  five  to  ten  minutes),  sn^sUinj^ 
still  occurs  on  the  liiiid-liiubB.^ 

Nrawi'oiiki*'  and  Marnw?.^  denied  this  effect,  and  umiutained  that  ii  | 
is  only  when  there  is  continuity  of  the  cord  with  the  liulb  that  isofi  i 
stimulation  LiiuHes  sweating.     Lixter,  however,  Nawnieki^  obtained  tlwf 

1  Vuliiiau  (it  Itaymond^  CmnpL  rend.  Jead.  d.  jc.,  Paris,   1S79,   torn*  Izxxii.  |^  U: 
iicr.  inf^nmt  d>  .ts>  biol.,  Paris,  1880,  p.  115;  und  **  Lemons  «ur  lea  sul«Umca  tor  ii\ 
m<?dit.%,''  tome  i.  pp.  148-149. 

-  Joiim,  de  nUd.,  cAm,  phar^n.,  etc.,  Paris,  181  (J,  tome  xjcxvii. 

^  But  sec  Levy,  **  Verhaudl.  d.   Bi'rl.  physiol.  GeBelI«oh.,"  in  Ar^,/,  Phvwiol,,  Uipp^ 
1892,  S.  155. 

*  Tagrbl.  d.  rermmml.  dcuisch.  Naturf,  in  Baden-Baden,  187&. 

*  Lnt^hsingpr,  loiU  cit.  •  CenlmlbL/.  d.  fned.   H^isaeiutak,^  Wieu,  1878»S.  17- 

^  Nachr.  v.  d.  k,  Ot^llich,  d,   JFinsenscfi,  i.  d,  Gtorg.-Aug.   f'niv>,  Obltiogw,  It*^ 
p.  102. 

*  CentralbLf.  d.  m^4,  H'i^scmch,,  Berliu,  1878,  S.  721. 
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result  in  a  few  cases  with  dividetl  cord.  Olivioiisly  a  positive  case  in 
such  an  experiiueiit  m  wuitli  many  ne^utive,  since  the  exfikiliility  of 
the  oord  beluw  the  section  may  poseihly  lie  depressed  at  the  time  of 
making  the  test.  It  is  generally  accepted  that  spinal  "  sweat-centres  '* 
exist. 

On  the  other  hand,  iiu  cerebral  centres  for  sweating  have  yet  !>een 
experimentally  demonstrated.^ 

According  to  Levy  Dorn,-  the  spinal  "  sweat-centres  "  are  very  re- 
sistant Xaj  the  action  of  culd.  In  cata  coolt^d  till  the  rectal  teni])eratiire 
was  22'  to  28'  (\,  sweating  wiis  still  ol>tnincd  by  retlex  excitation  or 
dyspno?a,  but  heating  (70'  C/)  caused  httle  sweating,  tlie  cooled  cat 
being  as  it  were  ''protected,'*  in  that  the  heat  wliich  is  to  restore  it, 
dries  not,  when  applied,  imniediately  call  fortli  a  icHex  out])ouring  of 
sweat,  by  the  subsequent  evaporation  of  wliich,  In^at  winild  be  abstracted 
from  the  body. 

The  nervous  mecliainsm  of  sweat  sccretirni  niiiy  be  called  inttj  action 
by  central  stiniuli,  by  rcliex  action,  or  by  peripheral  stimnH,  A  venous 
condition  of  the  blood  is  one  of  tlie  most  acti\'e  stimuli  to  the  central 
median isnj.  and  one  freqiiently  employed  in  experimental  work.  If  an 
auimal  be  partially  aspliyxiated.  after  section  (»f  the  spinal  cord  iu  tlie 
mid-dorsal  region,  sweat  Ineaks  out  on  the  jiads  t4  the  hind-feet,  c\en 
after  division  of  all  the  ]iosteri(*r  rnots  hehiiiti  the  section."^ 

Raising  the  tempcniture  i*f  the  l>lnnil  proiluces  a  siiuilar  etlect,  and 
the  result  is  also  obtained  with  divided  posterior  roots,  and  hcuec  is  not 
retlex;  moreover,  the  etlect  is  stop]ictl  l)y  section  of  the  sciatic, and  hence 
is  not  of  peripheral  origin  as  a  result  of  heating  of  the  terminal  ji])paratiis. 

Certain  drugs,  esiiecially  picrotoxin  inul  strychida,  apt»ear  to  cause 
sweating  exclusively  by  their  action  on  the  spinal  (onl.  Nicotine  and 
eserine  cause  slight  sweating  after  section  of  the  linil>  nerves,  and  are 
therefore  not  exclusively,  though  mainly,  o<-utral  stimulants.^ 

lietiexly,  it  may  he  broadly  stated  that  stinudation  ^>f  almost  any 
afferent  channel  will  cause  sweating.  A  eat  will  sweat  on  tlic  \n.i<\^  of 
its  feet  at  the  siglit  of  a  dog,  mustard  in  tbc  moutli  causes  sweat  on  the 
foreheads  of  ujauy  persons,  and  the  !ip]iliratinn  of  heat  to  the  skin  is  a 
faanliar  cause  of  increased  motion  of  the  glands.  A((<>nliug  to  (Jreiden- 
berg.^  hi  a  patient  witli  sweating  legs,  slight  skin  stimuli  dinjtuishcd  tlie 
secretion,  while  strong  stinndi  caused  an  increase. 

Directly  from  the  i*eri|)hcrv,  the  sweat-glands  may  Itc  excited  by 
certain  drugs  or  by  raising  their  temperature. 

Pilocarpiue  excites  secretion  of  sweat  after  ci>niplctc  division  of  the 
uerves,  and  l(K'alised  secretion  may  be  proilur-od  liy  introducing  it 
beneath  the  skin.  Its  artirai  is  ]>ro]>ai»ly  in  tbc  main  njjon  tln^  tenuina- 
tiona  of  the  nerves  in  the  glands,  since  it  is,  as  a  rule,  uon-ethM'tivc,  wiien 
sufficient  time  has  been  allowed  to  elapse  after  section  of  the  nerves  to 
ensure  complete  degeneration  (Luchsinger,  Xawrocki,aiul  Yulpiiui).  On 
tbe  other  hand,  Max  Levy  "^  states  that  pilocarpine  may  still  give  good 

*  Blocb,  ''Tbrsf  d<'  Pam/'  1880. 

^'"VerhaQdK  d.  lierl.  plijsinl.  licsells^'h,,''  in  Arch,/.  PhysioL,  Ltnp/j'^,  1S95,  S.  138. 
^  Luehiiingfr,   Arrh.  /.   d.   tjes.   Ph^tsivL,    Boriu,    1877,    Brl.    xiv.   S.    ;itj9.  ;    K<*ljillard, 
"These  de  Doct.,"  LiUe,  1880. 

*  Luch  singer.  Arch./,  d.  ijf^,  PhyduL^  Bonn,  1877,  lid.  \\\  S.  482;  Hugyes,  ref.  in 
Jahrtih.  u.  d.  Fort»chr.  d.  Attt'd.  u..  Phtt^it^l.,  Lpiii?J^%  ISSl,  lUi.  ix,  S,  72. 

^  Jahre^b.  «.  d,  For/schr.  d.  A, tat,  ti  Phy^iuL^  hvi\yzv^,  18S2,  [\\\.  x.  S,  81, 

*  CentraibL/.  rhijsu*!.,  Lei(>dg  u.  Wifii/l^yii,  tid.  v.  S.  US* 
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seeretian,  when  exoitatirm  of  previously  <livided  nerves  ib  without  etiect, 
pointing  to  stimulatinn  of  the  gland  |>rotoplasni  hy  the  drug. 

Aeeording  tt>  Rosf^liaeli/  small  dr^neH  act  n{wn  the  nerve-en  dings, 
while  large  d(W(«H  alwo  a  fleet  the  glaml  protnplasm ;  and  some  of  the 
experinientB  of  Luehwinger,  ^hiinir,  ami  Ilugves,  in  which  pili»earpine 
ejiused  Becrctiuii.  Iring  after  the  time  ntMessarv  tor  ennjpleU?  degeneration 
of  the  nerve-s  had  elap.se<l,  iK>iiit  to  the  same  eonehiaion. 

There  ajijx^arH  to  he  no  central  aetion  by  ]>iloearpiiie,  for  Eobillard,- 
after  separating  the  for*t  of  a  eat  from  the  ho(Jy,  with  the  exeeption  of 
the  tiliial  nerve,  olttained  no  secretion  <»f  sweat  on  injecti*>n  %A  jiilo- 
exir]iine  into  tlie  general  eirctdation  ;  though  the  nerve  was  ]»roved  to 
c<jnduct,  by  a  pmfiise  sweat  caused  cm  asphyxiation. 

Aluscarine^^  alBo  aets  as  a  {x*ripheml  excitant,  but  is  less  active  than 
pilocarpine. 

Atropine  jind  duhoisine  are  hotli  antagonistic  to  piloearpine  and 
muscarine. 

In  the  cat  an  injection  into  a  vein  of  ?» nigrms.  of  atropine  is  sufficient 
to  make  stimnlation  of  the  sciatic  incfrcctive;  siihsef|uent  intravenons 
injection  of  \\\  nigrois,  of  ])ilo(*arpine  will  ciiuj^c  sweating,  tlifaigh  the 
nerve  is  ntill  without  action  on  excitation.  In  such  a  case  the  atropine 
poisons  the  nerve-ending,  hut  the  glanci  ]irotoplasm  is  still  excitalde  and 
res[)onds  to  pi!(»carpine.  According  to  Kosshacli,"*  a  dose  of  20  to  30 
mgrins.  uf  atnuiine  is  needed,  in  the  case  c*f  a  cat,  to  paralyse  tlie  gland- 
cells  to  such  an  extent  that  sul>,setpient  local  applii'ation  of  pil<»ciir|iine 
is  without  eflect.  All  glandidar  a}i|*aratus  ap]jcars  to  l>e  far  more 
sensitive  to  atropine  than  to  ]pilo(ar]>iiu^. 

The  local  ]»ara]ysing  effect  of  atropine  was  elegantly  demonstrated 
by  An  her  t.''  If  the  pahn  or  fhiger  (Varcfully  <"lc!ined)  is  pressed  on  to 
paper  sensitised  with  silver  nitnite,  the  spots  of  cldnride  formed  at  the 
mouths  of  the  swcat-dncts  are  quite  visil>l<\  If  the  exjierimeni  is  trieil. 
after  a  pad  s^taked  in  atrojiinc  suhitiuu  fias  been  tii^l  nv<*r  a  limiteil 
surface  overnights  tliat  surfac  c  is  b»und  tu  yield  no  siMits,  in  contrast  to 
the  surroitnding  held. 

Finally,  ttie  terminal  sweat  apparatus  is  very  sensitive  to  change  of 
tcnijieratnre.  Lnchsinger*^  lias  shown  that  not  only  cold  luit  excessive 
heating  retards  tin:*  action  of  the  glands.  Tbus  if,  on  a  warm  day,  one 
haufl  be  field  in  water  at  45'  to  50  C.  for  ten  minutes,  while  the  other  is 
immersed  in  water  at  15'  to  30  C,  and  exercise  is  then  taken,  tlie  hand 
which  was  in  water  at  the  lower  teniperatnre  commences  to  sweat  at 
once,  the  other  not  ffir  some  considerable  time.  In  experimental  work» 
in  wliiidi  the  excitation  of  nerves  is  undertaken  and  the  outbreak  of 
sweat  ol>served,  the  greatc^st  caution  is  necessary  to  keep  the  tetnf>era- 
ture  of  the  extremities  constant,  for  with  a  cold  foot  a  nerve  root  hold- 
ing swcat-tibres  in  reality,  may  be  wrongly  considered  to  hold  none,  if 
tlie  terminal  ajiparatus  is  depressed  by  cnld. 

That  the  formation  fif  sweat  is  a  true  act  of  secretion,  and  not 
merely  tiUratiiMi,  is  sfiown  by  experiments  already  quoted,  in  which  it  is 
mited  that  after  stopjnige  of  the  ciiculation  sweat  is  still  secreted  on 

/.  '/,  [frA.  I'h}mol.,  Bmm,  1880,  RtL  xsi.  S,  1.  *  J^,  cU. 

rl^jm,  1     Jrrh./.iL  fjfg.  PkifsioL,   Bumi,  1878,   Od.  xviiL  S.  501; 
ioLj  Camhridin^  and    Londoij,  1878,  roL  i.   p,  193 ; 
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excitation  of  nerves ;  and  further,  by  the  fact  that  by  means  of  atropine 
the  secretion  of  sweat  can  Iw  stopped  in  suite  of  tlie  continued  cirenla- 
ticpri  of  the  l^Inod 

It  is  Y**'"bahly  right  to  eniK  hide  that  the  hlund  supply  is  a  necessary 
aJjavaut  to  the  prolonj^ed  activity  nf  the  f^land-rclls,  but  nut  tlie  stimu- 
lant to  their  action,  thougti,  according  to  Levy,*  secretion  is  provoked 
ufioii  rein*stalIation  of  the  ein  uhUion,  in  a  Utah  witfi  cut  sciatic,  which 
lias  been  long  kept  anamie.  This  eHeet  luay  ]iossihly  l)e  due  to  the 
mechanical  stimulation  of  the  glands  by  the  pidse. 

I^^vy  Di»rn-  placed  the  lund-liioli  of  ;i  c;it  in  a  receptarlL'  within 
which  the  air  [>ressure  cnidd  lie  raisu<b  and  t'ouml  that  the  secretion 
could  overcome  a  pressure  in  exress  of  that  in  the  Inrge  arteries. 

Nothing  is  definitely  known  as  to  the  existence  or  nut  of  any 
action  of  the  nt^rvous  system  up<in  the  sebaceous  ghintls. 

According  to  Arloiu^,^  section  of  the  cer^  ical  sympathetit*  in 
donkeys  causes  exuihitioii  of  sebum  from  the  seliaceouK  glamls  of  the 
atin  of  the  ear,  reaching  its  maxiniurn  fifteeij  Iitairs  after  section*  and 
lasting  for  sixty-tVmr  hours,  Stimulation  (>f  the  jKnipbrral  end  c^f  the 
nerve  also  causes  secretion  from  tliese  glands. 

The  glands  of  the  fikiu  nf  tin"  fr^g  undergo  |iurinilic  cnutiaetinn  an^l  t«xpcm- 
mix  by  mt^an,^  of  tb^-ir  must uhir  ^Ijoaths,*  smd  \\\v\v  lie*ui  tarefnlly  studit'd  by 
Engelmaiiii^^  Strickei'  and  Spina/'  mid  I>n>j<rli,'  in  the  web  jiiid  mettibmna 
nichlana.  Tho  ftponltinHms  niovemeuts  m  the  eiise  uf  the  wfh  glands  are 
sti>pped  temfHvrarily  by  seetion  of  the  seiatii*,  or  .^rventh,  eighth,  nnd  ninth 
ai«t^?rii)r  spimd  vnoU.  Kxeit^Uiun  of  tlu^  sciatic  i>r  reflex  stiinulntiifu  of  tlir  skin 
leatls  U)  ciaitrartion  of  the  glands,  as  also  does  tlirert  exeitatiori  by  vapours  of 
tihloroform  or  ether^  or  by  ejirUtuie  a^iil  gas.  During  coutnictien  of  the  whole 
fflaa«3,  by  its  niuseular  slieath,  the  hniri^'  trlan^l-eells  swelb  ^^^'^  art-ordin^,'  to 
I>rasch,  in  the  easr  of  the  tufffihrfnut  niriifntta^  the  tiftli  rrariial  nerve,  i^u  ox- 
citation,  causes  ciaitraetiini  of  the  sheath  only,  while  i'xcit^iiiiai  of  the  syia pa- 
tliftic  causes  swelling  of  tlie  eells,  Piloi  uriam^  eanses  iiR-reaHnl  sei-retirai  by 
tlu'st^  )^' lands.  Striirker  and  Spina  advaneed  a  theory  t>f  se  erf  I  ion  btksed  u|ton 
uWrviitiunst  of  tijese  glands  uiaintaininjjj  that,  in  the  aet  nf  swellin^:.  Hitid  is 
siickefl  in  by  the  cells  froin  the  .surromuhii*,'  lyllJ[^h  s|>ace.Sj  anil  on  rinilractiou 
forced  out  into  the  lumen  ;  th<*  theory  obviously  involvis  iheassniujaiou  of  some 
vi^Kular  structure  in  the  protoplasiy,  of  whirh  we  kiinw  notliing,  an<l  fiu1liernn>re 
lias  been  disposed  of  by  Draseli,  who  \ms  fftuud  tliat  the  j^lantls  of  the  v^^m- 
hmna  niciitarin  may  j^eerete  freely  in  stages  of  inmiobility  of  tbe  lining  cells. 

In  the  case  of  foli—  iu  the  i'el  it  ba^^  been  .^liown  that  the  isetietinn  of  the 
goblet  cells  of  tlie  epidermis  anrl  of  the  eluh  cells  {when  imseut)  is  ninler  the 
influence  of  tin*  nervous  system,  but  the  nervi-  jKiths  havr  nut  been  worked  out,^ 

ElectuO'Motive  Phenomena  in -Skin  CiLANna 

In  attempting  ti»  denuuistrate  the  existeuic  of  ttirrents  in  the 
uninjureel  museles  i»f  the  fn >g,  du   Bttis  Ih/yinond  ^' dis('o^ered  that   the 

» Loc.  cit, 

*  '•  VerliaiidL  d.  Berl.  itliy^iol  UtseUsrli./'  Arrh.  f,  I'hijsiol.,  I^ipxig,  1893,  S.  383. 

*  Arch,  tiephysioi.  vort/i,  el  put  ft.,  Paris,  1S<U,  Sir.  f^  toiin-  lii.  p.  yil, 

*  Aschers'jii,  Jrd*.  f\  Ani»t,  u.  Phmioi..  Lrip/ij:,  1840.  S.  15. 
^  Arch,  I  d,  ijes.  Phij^io/..  Htmu,  1S72,  lid.  v.  S.  41«s. 

*Sitsunffsb.  d,  k.  Akad.  d,  WUmmh..  Wien,  issu,  VA.  Ixxx.  A^th.  'J,  S,  ^\y, 

^  Areh./,  Phifmol.,  Uipn^',  188f*,  S.  iMj. 

*R«ia,  Phil.  Tramf.,  Umion,  l^\*i,  vol.  thxxv.  p.  ^9. 

*  "  Untersucli.  iiuber  thierisclie  Klektridtut,"  Bd.  ii.  Abth.  2,  S.  S«-20. 
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skin  itself  is  a  seat  of  electro-motive  force,  which  he  located  in  the 
glands.  Tlie  current  is  in  the  direction  from  the  free  to  the  deep  sur- 
face, the  former  being  electrically  negative  to  the  latter.  A  current  so 
oriented  may  be  termed  "  ingoing,"  and  is  the  normal  direction  of  the 
"  current  of  rest "  of  all  secreting  membranes,  so  far  investigated. 

Tlie  discovery  was  corroborated  by  Rosenthal,^  and  extended  to  the 
case  of  the  stomach  and  gut  mucosae  in  the  frog  and  rabbit,  while 
Hermann  2  found  a  similar  current  in  the  skins  of  many  fish,  and, 
more  recently,  in  the  tree  frog,  proteus,  and  axolotl.^  Such  currents  as 
a  rule  exhibit  spontaneous  variations  in  intensity,  especially  in  the  case 
of  the  skin  of  the  frog. 

Valentin,^  and  later  Eoeber,^  furthermore  found  that  in  the  case  of 
the  frog's  skin  excitation  of  the  cutaneous  nerves  causes  a  variation  in 
the  electro-motive  force  of  the  resting  skin,  and  the  latter  observer 
that  this  phenomenon  could  be  produced  by  reflex  excitation,  and 
was  not  abolished  by  curare. 

The  direction  of  the  "  current  of  action  "  evoked  by  excitation  of 
nerves  was  not  found  to  be  constant  by  Eoeber,  a  fact  corroborated  by 
all  subsequent  investigators.  Thus  Engelmann®  observed  a  douWe 
excitatory  variation  of  the  "current  of  rest,"  namely,  an  outgoing 
followed  by  an  ingoing  current  (negative  followed  by  positive 
variation),  while  Hermann  ^  noted  an  ingoing  "  current  of  action," 
often  preceded  by  an  outgoing  current  of  sliort  duration,  and  Bayliss 
and  Bradford  ^  state  that  it  is  ''  scarcely  possible  to  speak  of  a  normal 
excitatory  variation." 

Hermann  and  Luchsinger®  found  that  the  cat's  foot  also  gave  an 
ingoing  "  current  of  rest,"  but  that  the  current  develo|jed  on  excitation 
of  the  sciatic  was  constantly  ingoing,  and  prevented  from  development 
by  the  exhibition  of  atropine. 

Luchsingcr^^  demonstrated  the  existence  of  exactly  similar  current* 
in  th(i  snout  of  the  pig,  goat,  cat,  and  dog  on  excitation  of  the  cervical 
sym])athcti('  or  infra-orbital  nerve,  and  Hermann  and  Luchsinger  ^^  in  the 
tongue  glands  of  the  frog,  though  in  the  latter  case  excitation  of  the 
hy]»oglossal  or  glosso])haryng(»al  nerve  gavci  a  triphasic  "current  of 
action,"  an  outgoing  being  interpolated  in  a  long  lasting  ingoing 
phase.  Tarchanoil'^*-^  has  further  indicated  that  parts  of  the  skin  of 
man  rich  in  sweat-glands  (r.^.  ])alm  of  hand),  are  negatively  electrical 
to  ])aits  ])0()r  in  sweat-glands  {cjj.  skin  over  deltoid),  and  that  the 
ingoing  "  current  of  action  "  of  such  glands  can  be  excited  reflexly  by 
veiv  slight  stimuli,  such  as  sound  or  even  the  expectation  thereof, 
odours,  or  mental  ellbrt. 

The  well-known  Wdlkurcirswh  of  du  Bois  Eeymond,  in  which, 
wIhmi  the  index-lingers  ot''  the  two  hands  are  immersed  in  vessels  of 
li([ui(i    in     circuit    with    a    galvanometer,    a    voluntary    efVort    of     the 

•  Arr],.  j\  J'hii^n.L.  Lfii.zi«j,  1805,  S.  :^01. 
-  Jrrh.  f\  ,1.  \frs.  I'hiisinL,  Wonw,  18.^2,  VA.  xxvii.  S.  2S0. 
•'  IhiiL,  l^'.'I,  11(1.  Iviii.  S.  242. 
^  /Js.-hr.  /.  rat.  Mai.,  1S61,  H<1.  xv.  S.  20S. 
•'  Jrr},.  f.  rii.islnl..  Leipzig',  18<J<»,  S.  (53:3. 
•'  Jrrh    f.  J.  \frs.  I'hHsioL,  Hoiiii,  1S72,  Hd.  vi.  S.  97. 
"  //y/V.,  l-^7>,  H'l.  xvii.  S.  2in  ;  an. I  1SS2,  IM.  xxii.  S.  280. 
^  .loiini.  lliuHioL.  Caiiilit  !(!<;('  and  London,  lS8f),  vol.  vii.  p.  223. 
'•  .//vA.  /.  d.  <f'S.  J'hiisinL,  I'x.nn,  1^78.  Bd.  xvii.  S.  310. 
'"  //'/'/.,  18S0,  li.l.  .xxii.  S.  i:.2.  '^  Ihid.,  1878,  Dd.  xviii.  S.  4G0. 
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inuiBcles  of  one  forearm  {t.g,  grasping  a  rod)  gives  a  current  passing  up 
the  contracting  arni»  is  probably  to  be  explaintnl  by  tbt.^  concomitant 
excitation  of  the  sweat-glands  on  tlic  aidt*  oi"  action. 

Nut  oniy  in  the  case  of  nienibranes  cont^iining  CiHuph^x  glands  is  an 
ingoing  **  current  of  rest  '*  observed,  Imt  also  in  secreting  niend»ranes 
supplied  witli  mucelhilar  glajids  (goblet  cells),  as  the  pharynx  and 
cloaca  of  the  frog,^  or  the  skin  nf  the  lish:^  and  furtliermtjre,  in  certaiJi 
membranes,  quite  free  of  secretory  structures,  and  covered  utdy  by 
stmtitied  epitheliiini,  such  as  the  skin  of  tlie  pigeon  and  tlie  inucitsa  of 
the  crop  r*f  the  same  l)ird  iti  winter.* 

The  attempts  to  exphiin  the  causation  at"  the  above  currents,  it  nuist 
l>e  confessed,  have  not  Iteeu  very  wati.sfactor}'. 

As  regards  the  constantly  observed  ingoing  ''current  of  rest/'  it  is 
obviously  of  tiie  first  inijMjrtance  to  deterunne  \v!u4her  it  is  of  purely 
epiderinic  origin,  of  jiurely  glandular  origin,  ^>r  wlietlicr  it  receives  a 
Dmiponent  from  both  .sinirres.  The  cxi)erinicnts  with  the  nou-gl:iuduIar 
skin  of  the  bird  above  mentioned  show  that  simple  stratiiied  epithelium 
can  give  rise  to  such  a  current,  and  Hermann^  has  furtlier  proved  that 
shaving  the  epidermis  of  the  cat's  foot  lowers  the  elecLro-motive  ft>rce  of  the 
"current  of  rest.'*  Furthermore,  Bach  autl  Oeliler''  found  tliat  ]iencilling 
the  skin  of  the  frog  with  srtlutiou  of  ccnrosive  sulilimate  al>olished  the 
'*carrent  of  rest,'*  though  the  excitatory  change  fr<im  the  ghinds  beneath 
cimld  still  be  obt^iined  by  exciting  tlie  nerves  of  the  skin. 

On  the  other  hand,  it  ean  hartUy  l»e  dciued  that  in  such  cases  aa 
the  gastric  mucosa  of  the  frog,  where  the  epithelium  is  ]u-actically  all 
converted  into  unicellular  *,dauds  (goblet  cells),  the  marked  ingoing 
"cari'ent  of  rest"  is  of  glandular  origiu,"*  and  this  must  also  be  the  case 
in  such  a  membrane  as  the  ckiaeal  nnu  osa  of  the  frog. 

It  is  simjdest,  in  the  present  state  of  knowledge,  to  adnnt  that  lioth 
stratified  epithelium  and  gland  laotoplasm  can  give  rise  to  curr(*nts. 

Hermann  and  Biedermanu  cuiisider  sueh  <'urrents  d\ie  to  alteration 
of  metabolic  activity  in  the  continuity  of  ]>rniopkism.  Trotojdasm 
liecoming  **  altered'*  to  mucus  in  a  ^obh^t  cell  is  negative  electrienlly  to 
the  unaltered  material  at  the  I>ase  of  the  celb  and  the  same  in  the 
procescs  of  keratiuisatinn  in  the  ennliuuity  of  epithelium.  Since  altered 
pirts  are  negative  electrically  to  uiuiltered  or  less  altered,  the  result  will 
lie  an  ingoing  current,  wliether  w^e  choose  the  glands  or  the  epidennis, 
or  both,  as  tlie  source  of  the  electro-motive  force  of  tlie  *' current  of  rest" 

If  we  turn  to  the  case  of  the  *^aclion  current,"  it  is  only  in  the  case 
of  the  mammalian  glands  that  any  clear  explanation  on  the  above 
hypothesis  is  feasil>le.  hi  these  inlands,  as  ahcjtdy  meiiti<rnied,  the 
"current  of  action  '*  is  jjurely  ing>in;^,  and  it  is  only  necessary  to  assume 
that  in  action  the  "ditlerence"  between  tta*  base  and  tim  free  border  of 
the  cellB  becomes  more  marked  than  at  rest,  w  ith  a  conc^omitant  develop- 
ment of  electro-motive  force  with  ingoing  current. 

In  the  skins  and  other  secreting  nicmbrancs  of  amphibians  and  fish, 
We  are  met  with  the  ditHculty  that  it  is  not  jiossiblc  to  predict  with 
certainty  w^hat  will  be  the  dhection  of  the  "action  current  '  elicited  by 

»  Biodermaiin,  ibkL,  1893,  Bd.  Ilv.  S.  209, 

'  Hcrnmnii,  hjc.  at.  ;  11^1*],  I'/uL  Trftns.,  LoiHlrm.  1893,  FkL  clxxxiv.  p.  33r». 

'  Reid,  Jouni,  rkt/nnL,  raniliriJgf  iiivd  Loiiton,  18^4,  voK  xv],  p.  ZtfiK 

*  Arth.f.  d.  ge$,  PhyswL,  I'^mhu,  IblM,  Oil.  Iviii.  S.  ^4'J- 

*/6xd.,  1880,  Bd.  xxil  S,  30.  *  Bolilen,  ihitL^  1894,  Oil  Ivii.  .S.  97. 
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excitation  of  the  nerves.  The  strength  of  the  stimulus,  and  the  extent  to 
which  the  normal  ingoing  "  current  of  rest "  is  developed,  affects  the  result, 
and  hypotheses  have  been  based  upon  both  of  these  factors  of  the  case. 

Hermann  ^  long  ago  suggested  the  possibiHty  of  augmenting  and  inhibitory 
fibres  to  tlie  glands,  and  in  his  most  recent  publication-  still  entertains  the 
idea.  On  the  other  hand,  Biedermann  suggests  that  the  two  sides  of  protoplasmic 
activity  (the  katabolic  and  anabolic)  in  the  secretory  cells  are  associated  with 
generation  of  electro-motive  force,  causing  currents  in  opposite  directions 
in  the  tw(^  cases;  that  the  electro-motive  force  of  the  "current  of  rest"  is 
the  alge])rai(i  sum  of  these  opposing  forces  at  the  moment ;  and  that  the  results 
of  nerv(5  excitation  are  related  directly  to  the  ascendancy  of  one  or  the  other 
metai)olic  action  at  the  time  of  stimulation. 

The  production  of  an  outgoing  "  current  of  action "  is  considered  by 
Biedermann  as  due  to  the  nerve  excitation  provoking  an  excess  of  anabolic  action 
in  th(^  cell,  that  of  an  ingoing  "  current  of  action  "  as  due  to  excess  of  katabolism, 
so  that  one  and  the  same  class  of  norve-fibre  is  supposed  to  produce  quite 
opposite  results  in  the  cell,  the  eirect  being  partly  conditioned  by  the  stat«  of 
the  balance  in  the  cell  between  the  two  processes  at  the  moment  of  excitation, 
and  partly  by  tli<'  strength  of  the  stimulus.  He  supposes  that  the  cell  process 
least  developed  at  the  time  of  exciUition,  tends  to  be  stunulated  in  excess  of  its 
fellow,  so  that  if  the  ingoing  "current  of  rest"  is  weak,  as  a  result  of  slight 
kataixdic  ascendancy,  excitation  tends  to  cause  an  ingoing  "current of  action  "  ; 
and,  vice  versn^  if  the  ingoing  "current  of  rest"  is  strong,  as  a  result  of  marked 
katabolic  ascendancy,  the  result  of  excitation  of  the  cell  is  liable  to  l>e  the 
develoi)nient  of  an  outgoing  "current  of  action." 

Hermann  objects  to  this,  that  if  the  electrical  sign  of  excess  of  anabolism 
over  katabolism  is  plus,  the  induction  of  such  a  condition  must  start  frcmi  the 
deep  ends  of  the  cells,  i,o,  from  the  ends  from  which  they  get  their  pabulum 
from  the  blood,  and  excess  of  positivity  of  this  en<l  of  the  cell  comes,  so  far  a.s 
the  direction  of  current  is  concerncjl,  to  the  same  thing  as  excess  of  negativity 
at  the  free  cud  of  the  cell,  associated  by  hy[K)thesis  with  katabolic  ascen«lancy, 
and  should  <lcvcl(»p  a  current  in  the  sauie  direction,  i.e.  ingoing. 

It  may  als.>  he  noted  in  tliis  connection,  that,  according  t<)  Bohlen,-'*  in 
the  gastric  niucosa  of  mauimals,  cessation  of  circulation  or  any  interft^rence 
with  hlo(Kl  supply  teuds  to  convert  the  normal  ingoing  int-o  an  outgoing 
"current  of  rest."  If  an  outgoing  (current  is  associated  with  excess  of  analH)lism 
over  k;ital>olisni,  it  is  ditticult  to  conceive  how  withdrawal  of  blood  sui)ply  can 
indncr  such  a  change.  A  similar  complete  reversal  of  the  direction  of  the 
"cun<'iit  of  rest"  is  o])tainable  in  the  secreting  niend)ranes  of  the  frog  and 
fish  l)y  al)straction  of  heat,  or  by  narcotisation  with  carbonic  aci<l  gas,  ether, 
or  r-hlorofonn. 

A  strong  stimulus  of  a  nerve  trunk  may,  in  ])ractice,  cause  an  outgoing 
action  cuirent,  and  a  weak  stimuhis  oru-  that  is  ingoing,  but  it  is  again  ditticult 
to  Conceive  that  (litrer<'nce  in  tlie  strength  of  stimuhis  of  one  class  of  nerve- 
lihi'e  can  alter  tin-  \vh(»lc  character  of  the  metabolism  in  the  cells. 

Ileianaiin  was  at  one  time  of  opinion  that  tin-  two  kinds  of  glan<ls  in  tin- 
frog's  skin  might  he  associate(l  with  the  two  ])hases  of  the  excitat^)ry  variation  : 
and  the  Hp  (»f  tlie  eel,  wliich  ct>ntains  no  cjuh  cells  hut  «»nly  goblet  cells,  gives 
an  outgojiiLC  "action  cun-ent,"  while  the  ])ody  skin,  rich  in  club  (M«llsand  }MM»r  in 
golth'ts,  gives  an  ingoing  "action  iinrent ''  with  the  same  strength  of  stimulus  :  ■* 
})Ut  since  ilic  cloacal  or  pharyngeal  muco.si  of  the  frog,  containing  <»nly  run^  sort 
of  secietory  cell,  aiKJ  the  uon  glandular  cr«tp  of  the  winter  pigeon,  can  give 
cun<'nts  in  hoth  directions,  the  hypothesis  is  w\\>  of  universal  apj)licati(>n. 

'  Arc],.  1.  ,1.  f„s.  /V/v.s'/V.,  lioini,  1.S7S.  l',.l.  xvii.  S.  W^. 

-  //n-J..  IS'.U.   P,(l.  Iviii.  S.  -242.  •''  Lor.  cif. 

■*  K.'i.l  aii-l  Tolputt,  Joifrn.  J'/nisin/..  raiiiLridico  :jik1  Loiuloii,  1S94.  vol.  xvi.  p.  203. 


ABSORPTION  B  Y  THE  SKIN  IN  MAN  m% 

Absorftion  by  the  Bkin. 

MaB.^ — To  decide  the  case  for  rir  against  the  possibility  '*f  absorption 
by  the  hiinmn  skin,  would  ap|K?ar  a  .simple  j>roblem,  yet  a  literature 
readiiii^  baek  over  a  century  indicates  that  the  pr<KUu'tion  of  un- 
impea^.? liable  testimony  un  either  side  ban  proved  a  matter  of  no  little 
Jitticulty* 

A  tiuid  in  contact  with  the  skin  is  se|jiiraled  frum  the  blood  vessels 
by  layers  of  epidermic  cells  witli  intenndlubtr  spacrs,  hut  since  tlie 
sufierHx'ial  f  eUs  (except  in  the  palui  <if  the  hand  and  s«de  of  the  foca) 
are  i^^-easy  with  seliuiii,  one  of  the  Hrst  coiidiUoiLs  fur  absorption  is  that 
the  tluiil  shall  be  able  to  wet  the  sinfaee,  so  that  indjibitioii  by  the  cells, 
or  entrant  e  ui  the  fluid  into  the  capillary  gjnices  l)etween  tbem,  may 
take  place.  Tbougb  lanolini:;.  the  natural  fat  of  the  skin,  takes  np 
water,  such  action  only  occurs  slowly,  and  uidess  tiie  skin  is  soiiked 
luug  in  warm  water,  it  is  a  faiudiar  ubservation  that  it  does  not  easily 
become  sothlen,  excrpt  in  the  caw  of  the  pahus  aiul  sulcs.  It  is  tbcre- 
fore  not  to  In*  ex]>eeteti  that  water  or  watery  sidutious  will  hv  caj>ahle 
uf  absorption  by  tlie  skin  of  man,  and  the  experimeutal  evidence  is 
distinctly  against  sueli  an  assumption. 

The  method  itf  some  of  ilu-  idder  obsei  vers,  of  attempting  t<»  deciile 
t!ie  question  of  absorption  cjf  water  by  immersing  a  man  in  a  bath  after 
weighing,  and  weij^rbjug  again  after  a  laolniigfid  snjuurn  thert'iu,  we  may 
dismiss  by  a  bald  statement  of  obvious  sources  of  error. 

(V?)  There  is  no  guarantee  that  the  normal  loss  of  weight  of  the  body 
I>er  unit  time,  through  hmgs  and  skin,  is  the  simie  during  tlie  batli  as 
estimated  during  preceding  hours.  ^Tla*  experiments  sbuwed,  in  ditlerent 
iastiinc^s,  gains,  losses,  and  alisence  of  <-bange  of  wciglitj  ' 

Further,  mere  so;ikage  of  the  <*]pid<  runs  i*f  |>!dms  and  soles  may 
mask  an  actual  loss  of  weight  in  the  )»atb.- 

ij})  It  is  impossible  to  be  certain  tliat  the  epidermis  of  the  wliitle 
boJy  is  devoid  of  tissures  through  which  water  might  read)  the  deeper 
fiarts. 

(c)  It  is  ditticult  to  totally  exclude  absorption  by  inuuorsed  muctnis 
Bin-faces, 

(W)  A  balance  sensitive  enougli  to  hidieale  a  ibtlcremc  of  a  ft/w 
grammes  on  a  weight  of  many  kilos,,  is  ciitbcult  to  eonstriict. 

(^)  A  considerable  loss  <if  surface  cpidcruns  occurs  in  "  drying*'  the 
Ixxly  witli  a  towel. 

An  improvement  upon  the  nietliod  of  total  innucrsion  is  that  of 
immersion  of  a  |nirt  of  tlie  body,  liut  the  vesseh  instead  of  being 
weighed  before  and  aft^-r  ininuusiou  tjf  the  i>art  of  the  lnjily,  as  in  the 
oxperimeuts  of  Vicronlt  and  Kiebberg;*  is  Ifctter  graihiated  as  in  the 
experiments  of  Falck,^  or  ]irovided  with  a  capillary  pipette,  l>y  means  of 
which  absor]a!on  can  be  determined  by  fall  (tf  level  of  tluid,^  l»ecau8e, 
by  the  gravimetric  method,  the  error  from  mere  soakage  t»f  epidermis 
Itecomes  far  larger  than  in  the  volumetric  method,  tliougb  h<Te  also  a 
slight  dinnnution  lu  vohime  aceom|^*;iuies  iiubil>ition  by  the  palm  or  sole, 

*  Jamiti  et  (Ip  Laiirea.  Compt.  trtvL  JcmL  tL  <'•. ,  VatU,  187*2,  Ujinr  Ixxv.  p.  60. 

*  Poulet.  ibist,  l^f^tj,  tonw  xlii,  |>.  43:i. 

'  Arch.L  physmL  Heiik.,  Stiitt;;:irt.  185t}.  ^  I  hid.,  ]8fi2. 

"  Ma^lnkij,  '*Aii  E^tperiiiR'iit^il  IiHUiiry  into  tlio  Physiulnejy  of  Cytar^coiw  Aljbojptioii," 
Etiiiibiirgh,  1S3S  ;  Fleisclur,  liiaug.  Diss,,  Erlaugta,  1877. 
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II  an  arm  ur  it  ised^  since  the  combmation  of  a  body  with  water  in 

which  it  is  BoaKcu  m  accompanied  by  contraction,  so  that  the  total 
volume  after  sosik      ^  is  less  than  the  Bum  of  the  initial  volumes,* 

Fleischer  couUi  >l>taiii  no  ymsitive  evidence  of  abj^orption  of  water 
by  the  skin  of  tbi^  irm,  immersed  in  a  Mossa's  plethysmograph  (pro- 
vided with  a  ca[»i       y  pipctt'C)  for  three  hourn. 

Solutions  of  rriical  su Instances  ecvsily  detected  in  the  seci-etious 
have  been  mncl  tployed,  a  part  of  tlie  body  being  immersed,  or  the 
solution  appliitd  rj,  meaim  of  a  spray.  Colouring  matters,  inorganir 
salts,  and  drugs  with  marked  phys?iologiea.l  action,  have  been  ii8e*i.  In 
such  experimeiitB  the  chief  points  to  be  observed  are^Vi)  Integrity 
of  the  epiderniiB  before  the  experiment,  and  absence  of  destructive 
chemical  acticm  by  the  Bubstance  used  during  ita  course ;  (?*)  abfiolute 
exclusion  of  iioHHibility  of  abanrption  by  the  hniga  in  the  CAse  of  a 
volatile  substance,  or  of  a  gait  yielding  a  volatile  syl:»stance  under  the 
action  of  the  sweat ;  (r)  the  choice  of  substauces  capable  of  reexjgiiition 
with  certainty  in  niiniitc  quantities  in  the  secretions, 

Braune,-  ii^hig  font  batha  of  solutinns  of  potassium  iotiide,  iodine, 
and  hydriodic  acid,  with  n  layer  tif  oil  rtver  the  surface  of  the  solutioOp 
was  unable  to  ilcteet  iodine  in  the  secretions.  Parisot,^  using  hatha  of 
watery  solutions^  of  potassium  iodide  and  ferrocyaiiide,  belkdomia,  digi- 
talis, and  the  cnbairing  matter  of  rliuharb,  repeated  twice  a  day  for 
three  to  eight  dayj^,  obtniued  nn  cvitlence  nf  absorpti<*u.  liiifDer  <  fnuOiS 
no  lithium  bj'  the  speclruscoiie  in  the  urine  after  foot  bathe  of  litliitim 
chloride.  V.  Wittich  ^  nnd  FIci^ctuT^  were  unable  to  confirm  Kohrig's  * 
statement,  that  aqueous  solutions  of  potassium  iodide  are  absorbed. 
Winternitz®  could  get  no  evidence  of  absorption  of  10  to  15  per  cent. 
solutions  of  lithium  chloride  in  water,  and  results  with  cocaine  were 
negative.® 

Again,  Fubini  and  Pierini^®  could  get  no  evidence  of  absorption  of 
the  following  solutions: — Potassium  ferrocyanide,  3  per  cent;  santo- 
nate  of  soda,  2  per  cent. ;  salicylate  of  soda,  5  per  cent. ;  potassium  iodide, 
5  per  cent. ;  and  lithium  benzoate,  2  per  cent.,  all  dissolved  in  water. 

Hence  it  is  probably  correct  to  conclude  that  watery  solutions  not 
acting  chemically  upon  the  epidermis,  and  water  itself,  are  not  capable  of 
absorption  by  the  intact  skin  of  man. 

If  we  now  turn  to  the  case  of  fluids  that  can  wet  the  skin,  such  as 
chloroform,  ether,  alcohol,  etc.,  we  find  that  a  certain  amount  of 
evidence  of  absorption  is  obtainable  in  the  case  of  man. 

Since  chloroform,  though  an  excellent  fat  solvent,  causes  pain  and 
blistering  when  long  in  contact  with  the  skin  of  man,  the  experiments 
have  l)een  mostly  made  with  ether  and  alcohol.  Ether  is  a  better 
solvent  of  fats  than  alcohol,  and  hence  is  more  likely  to  give  positive 
results.  Krause  ^^  maintained  that  both  alcoholic  and  ethereal  solutions 
of  salts  are  al)Sorbed   by  the  skin,  but  Fleischer,^^  using  a  volumetric 

^  Quincke,  Arch.  f.  d.  ges.  Physiol.,  Bonn,  1870,  Bd.  iii.  S.  332. 

2  Diss.,  Lei])zig,  is.^G. 

^  Compt.  rend.  Soc.  de  hiol.,  Paris,  1863,  tome  Ivii.  p.  327. 

^  Ztsrhr.f.  physiol.  Chcm.,  Strassbiirg,  1880.  Bd.  iv.  S.  378. 

^  Hermann's  "Handbuch,"  Leipzig,  1881,  Bd.  v.  Th.  '2,  S.  257. 

«  Loc.  cit.  "^  "  Die  Physiologic  der  Haut,"  Berlin,  1876. 

'*  Arch.  f.  crpcr.  Pafh.  u.  Pharmakol.,  Leipzig,  1891,  Bd.  xxviii.  S.  405. 

^  See  also  Soulier,  "  Traitti  de  therapeutique  ct  de  pharmacologie, "  1891,  tome  i.  p.  385. 
^^  Arch.  ital.  de  biol.,  Turin,  1893,  vol.  xix.  p.  357. 
^^  Wagner's  "  Handworterbuch,"  1844,  IM.  ii.  S.  174.  ^*  2^.  eii. 
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method,  could  absence  no  absorption  of  absolute  alcohol  by  his  own  skin 
in  an  hour  and  a  half,  and  Ritter  ^  denies  entirely  the  absorption  of 
alcohol  or  alcoholic  solutions  of  aalts  by  the  buniaii  skin.  Winternitz^ 
gt)t  spectroscopic  evidence  of  lithium  in  tlie  urine  after  keeping  the 
skin  of  the  arm  in  contact  with  an  ethereal  yrtlution  (willi  a  little  added 
;dcohol)  for  three  and  a  half  hours,  but  missed  the  etl'ect  with  a  purely 
alcoholic  solution.  The  last-nientioned  observer  also  denies  the  sttite- 
inent  of  Farisot,^  that  solutions  of  atrn]iine  in  alcohol  ond  cldnrof«irni, 
•ipplied  to  the  forehead,  cause  mydriasis. 

It  would  appear  that  previou«  removal  of  the  grease  of  the  skin 
by  ether  alknvs  a  slight  abBorptiou  of  watery  solutions  to  Uike  jdace, 
for  Win  tern  itz  *  got  traces  of  lithium  in  the  urine  on  applying  a  watery 
fiohition  of  the  chloride  to  the  skin  cleaned  with  ether,  but  not  till  nine 
hours  after  the  application. 

If  a  substance  applied  to  the  skin  is  volatile  at  the  temperature 
of  the  )x>dy,  the  vaiMiur  may  possibly  i^iss  into  the  cupiJhiry  spaces 
between  the  epidermic  cells,  aiul  dissolve  in  tbe  lluid  in  the  sweat 
ducts,  and  so  hn ally  reach  the  blood  veBseb,  and  be  absorbed;  hut  in 
experiments  with  such  aubstances  the  greatest  precautions  nnist  be 
taken  to  exclude  absorption  b}-  the  respiratory  tract,  and  again  with 
human  8kin  the  residts  of  ditlerent  observers  are  conflicting-  Ifohirig's^ 
positive  results  with  tincture  of  iiKliue  are  deined  liy  Fleischer,^  who, 
wearing  a  mask  with  a  tube  to  the  outer  air,  found  no  iodine  in  tbe 
urine  up  till  aix  hours  after  an  application  to  tin*  skin  of  the  back  for 
ane  and  a  half  liours.  Next  morning  Fleischer  found  iodine  in  the 
iirine,  but  this  may  have  been  absorljeil  liy  tbe  lungs  during  sleep, 
or  the  result  of  the  destructive  fiction  of  the  substance  on  the 
epidermis.  Mesnil  J  jdacing  the  arm  in  a  Mosso's  jFltjtbysmogiaj^b,  tilled 
with  vapour  of  iodine,  could  get  no  evidence  of  absorjaion  after  thirty- 
two  hours'  exposure.  On  the  other  hand,  guaiacol  is  asserted  by  several 
observers  to  be  absorbed.^ 

Oily  solutions  and  unguents,  since  they  "  wet  "  tbe  skin,  one  would 
expect  to  be  ca|)able  of  aiisorption,  but  such  substances  are  viscous  and 
must  be  mechanically  forced  into  tlie  intercellular  spaces  and  hair 
follicles,  if  any  marked  eHect  is  to  be  i>ljtoined.  According  to  Winter- 
nit^,^  the  mere  application  of  oily  solutions  of  veratrine  and  aconitine  to 
the  skin  of  man  is  without  effect,  llascbkis  and  Obermayer  ^^  obtained 
eWdence  of  presence  of  Htliiuni  in  tlie  urine  three  hours  after  rublang 
iu  an  ointment  of  lithium  carlionate,  oleic  acid,  and  lanoline,  but 
Fleischer  ^^  could  not  obtain  evidence  of  absor]^tion  of  unguents  hohliug 
potassium  iodide,  veratrine,  morphia,  r|uiniue,  and  salicylate  ai  soda,  nor 
could  Fubini  and  Pierini '-  bud  salicylic  acid  in  urine  after  painting  a 
Bolutiiui  in  od  of  almonds  on  tbe  hand  and  forearnL 

But  the  most  important  case  is  tliat  of  niercuiial  rniitnient,  which  is 
undoubtedly  absorbed  into   tbe  system.      In    this,  in   addition  to  line 

1  Dia4.,  Erlangen,  188^).  "  Loc.  cit 

^  ConipL  retid,  Aaid.  d.  af.,  Pjim,  1&63,  toiiiFj  hii.  p.  3:27.  "•  Lor,  n'f. 

*  Loc,  cU,  ''  Lor.  rU. 

'  Cenlralhl.  f.  Phtjsiof.,  Leipzig  u,  Wien,  18&4»  FStl.  Tii.  S.  7/5.  rof, 

Uonois,  dmpt.  rend,  Sec,  de,  hid.,   Paris,  lS9-i,  pp.    108 -110  and  pp,  -214-215  ;  Ciiinaid 
irtdStotirbe,  ihid.,  18i>4,  pp.  180-182. 

■Loc,  ciL  ^*  CcTdraJhLf.  kh'^.  Afol,,  Boun,  Ihl  xii.  S,  65. 

"  Loe.  cU,  *=  LtfC.  ciL 
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globules  of   Dierciuy,  there  is  present  (lie  hli^ck  oxide  of  the  meuU 
and  it  is  p)robal>!e  ilmt,  after  formation  uf  caloiuel  by  the  srHJir  . '  ' 
of  the    swe^it,   in   the  i^resence   uf   oxygen   a  further  couvti 
CfJiTosive  Hiihlimate  iakea  place,  which  is  finally  taken  up  by  the  lii<j<ni 

Tiiougli  evidence  of  vaporisixtion  of  mercury  in  mercurial  ohitmenl 
at  the  fiody  temj^erature,  can  be  got  by  hanging  a  gold  lt?4il  over  tf 
preparation,  such  vaponr  cannot  of  course  pass  through  wet  capilki 
walls  into  the  blood.  Th*j  theory  also  of  a  passage  of  the  fine  glob 
of  mereury  through  into  the  blood  is  denied  by  Biirenspioing,^  Ho  ft' 
and  Rindlleiach,*  tliougli  the  fine  jmrticles  are  certainly  mecha; 
forced  into  the  hair  foUicles,  sweat  ducts,^  and  tlie  interstices  of 
8U]:>erfi€ial  eiiiderniic  cells,  thence  to  gradually  undergo  removaL 

Finally,  luentitni  may  be  made  of  the  fact  that  by  taking  advanU^ 
of  the  catapliorie  action  of  the  galvanic  current  (so-called  electro.*- 
osmose),'^  it  is  possible  to  force  watery  solutiuus  into  the  capillary  spaxef 
between  the  epidermic  cells,  ami  so  artificially  cause  absorption,  either 
by  subseriuent  diftusion  into  tlie  blood  vessels,  or  by  the  recoil  A 
distended  spaces  forcing  tin  id  into  lym^tbatic  channels,^  The  directi 
in  which  the  fluid  is  moved  is  that  of  the  electrieiU  current,  and 
r[uantity  carried  through  a  porous  j^wirtition  is  directly  proportioiiai 
the  intensity  of  the  current,  but  organic  membranes  are  far  \m 
permeable  than  porous  earthenware.^ 

It  is  not  then  to  be  expected  that  the  ettects  with  human  %\ 
will  be  very  marked,  since,  in  practieej  only  a  few  milliamj^eree  can 
jmssctl  with  comfort  to  the  patient. 

Munk  ^  got  evidence  of  iodine  and  quinine  in  the  urine,  vnl 
positive  electrodes  of  luodcUei's  clay  moistened  with  potaasium  iui 
and  quimne  in  a({ueous  solution.  Herzt>g  ^^^  ana\sthetised  the  skin  wi 
cocaine  sohition  on  the  positive  electrode,  when  mere  application  witb'< 
|>assage  of  current  was  without  eftect,  as  also  was  |)assage  of  ci 
without  cocaine. 

Kahn  ^^  corroborates  this,  getting  complete  ana^the-sia  of  tlie  skiu  ia 
twenty- five  ndnutes,  by  a  current  of  4  5  ndlhaniperes»  with  return 
scusiition  in  thirty  minutes  after  cessation  of  ciu-rent.  With  a  currv 
of  1  milliampcre,  tlie  return  of  sensation  was  complete  in  ten  minuie^ 
An  excised  piece  of  skin  which  had  been  aniestbetised  by  passing  vv2$ 
niilliamperes  for  thirty  minutes  through  an  anode  filled  with  r»ocamt 
sohition  tinged  with  a  bhie  dye  stnlT,  on  microscopic  examination  ehowtJ 
the  dye  stuiV  only  to  the  deptli  of  the  rete  MalpighiL 

Lower  mammala. — The  results  of  observations  u[K>n 
the  skin  of  lower  mammals  are  here  considered  apart  from  t  i 
from  experiments  m\  man,  in  order  to  obviate  any  tendency  to  twat  liii 
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'  Bjifenspruug,  Jonrn./.  praki.  Ch^m.,  Leipzig,  18o0»  S.  50  ;  Voit,  AntK  d.  Chim^nLo^ 
1857,  Hd.  civ,  S.  3  ;  HiirriiMin,  '*  Lihrliueli  J.  exper.  Toxicolpgie/*  Berlin,  ISfl.  Ss  811 

*  Lor.  eit  ^  Diss.  Wiirxbiirg,  1854. 

*  Arch.f,  DrrmnL  u.  Sfjph.,  Wieu,  Bd.  ill.  S.  309. 
^^  Ntjuinaniu  ffV^H.  pud,  IFchnschr.f  187*, 

^  Porriit,  Jnn.  d,  Phjfs.  n.  C/tenu,  Leipzig,  Bd.  Ixvi.  S.  272 ;  dii  Boia.R«riDonil,  Mm^ 
Akfud^d,  IFi'mfiiis^h.,  B»irliii,  1860,  S.  846;  Wipdeitiann,  Jnn.  #/.  PAy»»  u,  Cktm^lMn 
1852,  S.  321  ;  and  '*  ElektriciUt,"  Bmuusclnveig,  1SS3.  Bd.  ii.  ^  166* 

^  Pascludes,  Arrh.f,  txptr.  Path.  u.  Fhannakvl.y  Ijtipng^  1895,  Bd,  xxxvl.  SL  109^ 

*  Enj^nliiKinii,  JirA.  lutr,  d.  se,  crncUs  (ftt),  1874,  Bil*  ix.  S.  332. 
^  R«ieliert,  Arch./.  Physiol.,  Leii^ijig,  1873,  8.  505. 

"^  Mfin^JufL  tmA.   WchitJichn,  Bd.  xixiii.  S.  222. 
^'  LnMig.  Diss,,  Strassburg,  189L 
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as  analogous.  The  Hkin  of  the  mamiimls  uBuallj  employed  for  euch 
experiments  is  thinner  than  that  of  man,  less  horny,  more  vascular  on 
account  ^A  the  hair,  and  in  Bonie  cases  (rabbit)  posaeHsetl  of  hair  foMiuIes 
with  wide  mnuthn.  The  presence  of  hair  is  a  source  of  trouble  in  ex]«eri- 
ment,  for,  if  not  shavetl,  excoriations  may  be  passed  over,  while,  on  the 
other  hand,  the  process  of  shaving  is  apt  to  be  accompanied  by  slight 
injnriee  to  the  surface. 

As  with  man,  so  here  there  is  little  positive  evidence  of  absorption  of 
witery  sohitions,  and  one  is  inclined  to  attribute  the  results  of  those 
obeervers  who  maintain  that  watery  solutions  are  absorbed,  to  injuries 
produced  in  shaving,  or  clipping,  or  accidental  introduction  by  mouth  or 
lungs. 

Forlanini  ^  maintained  that  rabbits  cfiuld  be  poisoned  by  painting 
aqueous  solutions  of  strychnia,  acidulated  with  acetic  acid,  on  the  skin, 
hut  V.  Wittic!i  -  coidd  not  get  the  eit'ect  on  wliite  rats,  nor  Fubini  and 
Pierini  *  with  guiuca-piirs,  while  Winternitz  *  obtained  bntli  piwitive  and 
negative  results  with  live  rabbits.  Fubini  and  Pierini  alli>wed  the  tails 
of  rats  U>  s«>ak  in  strychnia  and  potassium  cyanide  snhitinns  (for  forty 
minutas  in  the  former  ca.se  and  two  hours  hi  the  latter)  without  eflect. 
Traube-Mengarini  *^  painted  the  skin  of  dogs  daily  for  two  months 
with  aqueous  solution  of  potassium  ferrocyaiiide,  killed  the  animals,  and 
treated  skin  sections  with  ferric  chloride.  The  l»lue  was  rmly  found 
between  the  surface  cells,  not  reaching  deeper  than  tlie  stratum  granu- 
ktsmn.  Acidihed  liorax-carmiue  aolutiim,  applied  daily  fur  seventy  days, 
gave  a  like  result.  Fleischer  ®  got  iodine  thruugfi  the  belly  skin  of  a 
rabbit  (into  a  watch-glass  (^f  water  introchiced  under  the  skin)  in  two 
hours  from  a  cylinder  ftdl  uf  the  tincture,  but  admits  that  the  structure 
of  the  skin  was  altered. 

With  ether  and  chloroform  solutions,  absorption  is  more  luarked 
in  the  thin  skin  of  the  rablat,  guinea-pig,  and  rat,  than  in  that  of  nian. 

Waller ''  immersed  the  h'g  of  a  guinea-pig  in  a  nuxture  uf  chloroform 
and  tincture  of  aconite,  and  was  able  to  poison  the  animal,  an  ett'ect  not 
produced  by  the  tincture  alone.  White  rats  with  the  foot  in  a  chloro- 
form solution  of  atropine,  exhihiteil  a  dilated  pupil  in  two  or  three 
minutes;  with  the  tail  (tlucker  skin)  immersed,  not  till  half  an  hour 
had  elapsed.  Strychnia  in  the  same  way  lie  found  was  aijstabed  from 
solutions  in  chloniforni,  but  n«jt  from  those  in  uleohob 

Winternitz*  also  fuuud  that  rabbits  absorb  strychnia  solution  in 
chlorofonn,  and  points  out  that  this  is  not  merely  an  effect  of  *'  stinm- 
Ution/*  because  a  previous  treatment  of  the  skin  with  mustard  or 
ammonia  does  not  hasten  the  intoxication. 

Winternitz  has  also  [>ointed  out  tliMt  cleansing  the  skin  uf  rabbits 
with  ether  or  chlta'oforni  alhiws  absorption  of  at[Ucous  strychnia  solution 
to  take  place,  and,  microscopically Jt  is  foun<l  that  silver  nitrate  s<>lution 
penetrates  nuae  deeply  if  the  skin  is  so  treated.  Alcohulii*  washing  of 
the  skin  also  tends  to  make  subsequent  absorption  t>f  aipieous  solution 
possible,  but  to  a  far  slighter  degree  than  in  the  case  of  chloroform  and 
ether. 

^  Ann,  unit;,  dl  mftf.  e  dtir.,  ililaEo,  186S,  vnt.  ecv.  j».  473« 

'  Loc  cit,  ^  Loc,  cit,  *  Lof.  Ht. 

*Arch./.    Phifsioi.,   Leijmg,   1892,  Supp.,   S.   1;  Anfu    ihd.   de  h'of.,   Turin.    IS91, 
Tol.  xvi,  p.  15 St. 
*  Loc.  rii.  '  Ptqc.  Roy.  Soc.  London,  I860,  vol.  x.  ]>-  V12.  "  Xor.  ct7. 
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SECA  V  AND  ABSORPTION  BV  TUB  SKIN. 

^Aperime  n  the  abBorptioti   of   oils  and   uiiguetiCs   liy   the 

skin  of  aniniaia  b  i  to  have  given  conflicting  results  in  the  hands 
of  different  al>ser\cii3*  Lassar^  anointed  rabbits  with  oil  for  days  in 
succession,  and  inaij  ;ains  that  the  organs  became  loaded  with  oil,  Y. 
Sobieranski*  asserts  the  same  for  vaseline  rubbed  into  the  ekin  of  dogs 
and  rabbits,  and  tes  that  tlie  substance  is  found  especially  in  the 
muscles.  Fleiscb  denies  the  effect,  as  also  does  Winternitz/  though 
the  latter  observ  as  able  to  kill  a  rabbit  by  inunction  of  strychnia 
(2  per  cent.)  in  v.  Adam  and  Schonniaker  ^  got  negative  results 
from  the  inunction  :»f  an  ointment  of  strychnia  and  vaseline  into  the 
skin  of  the  necks  of  dogs.  Mercury,  however,  is  absorbed  by  dog^  antl 
horses  from  mercurial  ointment.  Thug  Mtiller  ^  rubbed  mercurial  oint- 
ment into  clipped  dogs  and  horses,  and  foimd  mercury  in  the  faeces  and 
urine.  An  ointment  of  corrosive  sublimate,  sotlic  chloride,  and  fat,  {pave 
mercury  in  the  faeces  and  urine ;  lead  was  pasi^d  after  rubbing  in  an 
ointment  of  a  lea<l  salt,  and  application  of  a  pota^sic  iodide  ointment 
gave  iodine  in  the  s^diva.  Aqueous  aohitions  of  sublimate  were  without 
effect  when  ap]jlied  to  the  skin  of  these  animab. 

Cataphoric  transfer  of  solutions  through  the  skins  of  lower  uiamnmls 
can  be  induced  n^jre  easily  than  iu  the  case  of  man.  Munk  *  was*  able  to 
poison  rabbits  with  strychnia  in  aqueous  solution,  and  Kahn^  obtained 
the  pharmacological  eHeefcs  of  i^hysostignnne  and  strychnia  on  rabbi ta, 
and  of  apomui  i^liine  on  dogs,  by  passing  a  current  of  3*5  nnlliarnpJC'res 
through  -2  per  cent,  solutious  in  the  positive  electrode^  and  in  all  imaes 
proved  that  a]>pneatinna  of  the  solutions  without  couconntaut  ^la^age 
of  current  was  without  ettect. 

Prog. — In  the  case  of  the  frog  the  conditions  for  absorption  of 
watery  solutions  by  the  skin  are  far  more  favourable  than  in  that  of 
mammals,  for  the  surface  is  kept  constantly  moist  by  the  secretion  of 
the  skin  glands,  and  no  greasy  matter  is  present,  so  that  it  is  a  matter 
of  common  laboratory  experience  that  poisonous  solutions  applied  to 
the  skin  of  the  animal  rapidly  produce  their  specific  effects. 

Blood  vessels  are  abundant  in  the  skin,  especially  in  that  of  the 
back,  and  substances  must  diffuse  with  ease  through  or  between  the 
moist  epidermic  cells  into  the  underlying  vessels.  It  would,  however, 
appear  probable  that,  in  addition  to  simple  diffusion,  the  physiological 
condition  of  the  lower  epidermic  cells  affects  the  passage  of  substances 
through  the  skin. 

Eeid^  found  that  the  direction  of  easier  osmotic  transfer  of  fluid 
through  freshly  removed  frog's  skin  is  (provided  the  fluids  used  are 
not  deleterious)  from  without  inwards,  ix.  the  reverse  of  the  direction 
of  easier  filtration  through  the  dead  skin;  but  that,  as  its  vitality 
declines,  the  skin  becomes  less  and  less  permeable  from  without 
inwards,  and  finally  is  more  permeable  in  the  reverse  direction.  The 
duration  of  the  first  period,  during  which  the  skin  is  more  permeable 

^  Virchow's  Archie,  1879,  lUl.  Ixxvii.  S.  157;  "  Verhandl.  d.  physiol.  Gesellsch.,"  in 
Arch.f.  Physiol. ,  Leipzig',  1880,  S.  563. 

'^  Arch.  f.  crprr.  Path.  u.  PJiannakul.^  Leipzig,  Bd.  xxxi.  S.  329. 

^  Virchoirs  Archiv,  Bd.  Ixxix.  S.  558.  *  Loc.  cit. 

^  Journ.  dc  phnrmacoL,  nruxelles,  1891. 

^  Arch.  f.  irissensch.  u.  ^>/y/X:^.  Thicrh.,  Berlin,  Bd.  xvi.  S.  309  ;  reference  in 
CeTUralbl.f.  Physiol.,  I^ipzig  u.  Wien,  18P1,  Bd.  iv.  S.  550. 

'  Loc.  cit.  ®  Loc»  cU. 

^  Joiirn.  Physiol.,  Cambridge  and  London,  1890,  vol.  xi.  p.  132. 


FROG,  691 

from  without  iiiwar<lB,  is  directly  assuciatetl  with  the  vigour  of  the 
animals,  laiitiiig  seventy  to  eighty  hovus  after  death  in  strong  frogs, 
but  only  twenty-four  hours  or  so  in  feeble  animals  at  the  end  of  the 
breeding  seaaou. 

Again,  the  magnitude  uf  au  ordinary  osmofcic  stream »  maintained 
through  freshly  removed  skin  by  lueiins  uf  HolutiouB,  whose  iujnrioua 
eifect  on  tissue  life  is  minhiiab  is  capable  of  variation  in  the  direetion  of 
increase  or  decrease,  by  such  conditions  as  are  known  to  exalt  or  depress 
the  activity  of  living  matter.  If  au  osmotic  current  is  set  up  in  the 
direction  from  without  inwards  through  living  frogs  skin  (the  normal 
direction  of  greater  j^^rmealiility  wlien  the  t>kin  is  fresh),  tlie  laesence 
of  a  stimulant  (alcohol)  increases,  while  that  of  a  de]>ressant  (chk>n> 
furrn)  decreases  tlie  current ;  un  the  other  hand,  if  the  osmotic  current 
1ms  l_>een  set  up  in  the  reverse  direction,  i.e.  from  witlnn  out,  the  stimu- 
lant causes  diminution,  and  the  depressant  augmentatiiin  of  the  amoiuit 
of  Huid  transferred  from  the  inner  to  the  outer  surface  i>lf  the  skin  in  a 
given  period  uf  tinie.  Tlie  phenomena  failed  tu  manifest  themselves 
when  dead  skin  was  made  the  subject  of  experiment.  The  siimc  nliserver  ^ 
was  also  able  to  demonstrate  the  existence  of  a  current  of  "0  per  cent. 
Bodium  chloride  solution  from  the  outer  to  the  inner  surface  of  fresldy- 
removeil  skin,  when  the  same  Sfdntion  at  equal  pressure  was  on  cither 
side,  and  hence  filtration  and  iwiuusis  put  out  of  cruirt. 

These  i-esults  are  ditlicult  to  explain,  and  numt  provisionally  be 
attributed  to  some  unknown  epithelial  action. 
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Eespiration  is  essentially  the  intake  of  oxygen  and  the  output  of 
carbon  dioxide  by  living  cells.  In  the  higher  animals  two  phases  of 
respiration  are  distinguished — the  external,  the  exchange  of  gases  between 
the  air  or  water  and  the  blood ;  and  the  internal,  the  exchange  between 
the  blood,  lymph,  and  the  tissues. 

Historical  Account.^ — The  view  held  by  Aristotle  (384-322  B.C.),  and 
after  him  even  until  the  fifteenth  century,  was  that  respiration  drew  air  into  the 
heart  and  arteries,  and  so  cooled  the  blood.  Malpighi  (1621-1694)  discovered 
the  alveoli  of  the  hings,  and  saw  the  blood  flowing  through  the  capillaries  of 
the  alveoli  of  a  frog's  lung;  and  Fracassati,^  in  1665,  noticed  that  the  lower 
layer  of  a  blood  clot  was  much  darker  in  colour  than  the  upper,  but  that  on 
exposure  to  the  air  the  lower  became  florid  red.  Hook  ^  showed  the  following 
experiment  at  a  meeting  of  the  Royal  Society  in  1667.  The  ribs  and  diaphragm 
of  a  dog  were  cut  away,  and  the  trachea  connected  with  a  pair  of  bellows. 
The  dog  fell  into  convulsions,  but  revived  when  air  was  blown  into  the  lungs. 
Numerous  small  holes  were  now  made  in  the  surface  of  the  lungs,  and  by  means 
of  two  bellows  the  lungs  were  kept  constantly  distended  with  fresh  air;  the 
dog  lay  still,  and  its  heart  beat  regularly.  A  piece  of  lung  was  cut  ofiF,  and  it 
was  noticed  that  the  blood  circulated  even  when  the  lungs  were  collapsed. 
Hook  therefore  came  to  the  conclusion  that  the  cause  of  death  was  not  the 
stoppage  of  the  circulation,  but  the  want  of  a  sufficient  supply  of  fresh  air. 
Croon  ^  had  |»reviously  shown  before  the  same  Society  a  similar  experiment  ; 

^  For  furtlicr  «l»tails  see  Bostock's  "Physiology,"  2nd  e<lition,  1828,  vol.  ii.  p.  61  ; 
Paul  licit,  ••Ij'.oiis  sur  la  nliysiol.  comp.  de  la  resjtiratioii,"  Paris,  1870,  p.  1;  Zuntz, 
Herniaiiirs  •' Handhurh."  Bel.  iv.  Th   2,  S.  5. 

'Phi/.   Tmns.,  LoikIoii,  1667,  p.  492.  ^  Ihid.,  1667,  p.  539. 

•*  Dirliaiii'.s  "  Phwsico-Theology,"  4tli  edition,  1716,  p.  140. 
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he  strangled  a  pullet  until  it  showed  no  signs  of  life,  and  then  restored  it  by 
blowing  air  into  its  lungs. 

Eoyle,^  in  1666^  showed  by  numerous  experiments  with  the  air-p\imp  that 
tk  supply  of  fresh  air  was  essential  to  life,  both  animal  and  vegetable,  and  he 
was  of  the  opinion  ''that  the  <lepumtion  of  the  blood  was  one  of  the  ordinary 
and  principal  uses  of  respiration/' 

Mayow  '^  (1668-1674)  was  the  first  to  discover  the  real  function  of  respira- 
tbn  ;  be  showed  that  air  was  a  mixture,  and  that  one  of  its  constituents,  whicli 
be  named  tlie  nitro-aerial  gas^  wa^s  necessary  for  the  support  of  a  flame,  that  it 
combined  with  sulphur  and  other  substances  with  the  production  of  acids, 
that  during  calcination  metaU  also  combined  with  it  and  thus  increased  in 
weight  The  nitro-aerial  gas  (oxygen)  was  necessary  for  all  forms  of  life,  and 
the  respiration  of  an  embryo  was  analogous  to  that  of  the  ad  nit.  Mayow  saw 
the  analogy  of  respiration  to  combustion,  and  held  that  the  function  of  respira- 
tion was  to  absorb  the  nitro-aerlal  gas  and  to  remove  the  vapours  arising  from 
the  blood. 

Stephen  Hales,-'  about  the  year  1726,  showed  that  animals  in  a  closed 
vessel  absorb  air,  and  that  a  situilar  change  is  etTected  by  a  burning  candle. 
He  also  observed,  by  experimenl.s  upon  hitas^elf,  that  air  is  absoihed  during 
respiration,  and  that  "noxious  vaiiours"  are  producecl  l>y  repeatedly  breathing 
air  in  a  bladder;  these  noxious  substances,  he  founel,  could  be  removed  by 
pota<^h,  and  the  air  rendered  fit  for  brea tiling.  Hales  sug^'ested  the  use  of  a 
bladder  of  air  and  such  an  absorbent  in  the  foul  air  of  coal  mines,  lie  believed 
that  during  respiration  the  air  cooled  the  blootl  and  removed  aqueous  vapour 
and  noxious  stihatances,  but  he  rejected  the  view  of  ^layow  that  the  blood 
combined  with  the  nitro -aerial  gas. 

About  the  year  1757,  Black*  discovered  that  a  quantity  of  "fixed  air" 
(carbon  dioxide)  was  givi^n  otf  from  the  lungs,  and  that  the  expired  air  chiefly 
difiTered  from  the  insjiircil  by  the  addition  of  that  gas.  He  ol>served  that 
animals  placeil  in  carbtju  dioxide  gas  died  of  suffocation. 

In  1772.  Priestley ''  published  his  *'  Observations  on  Different  Kinds  of  Air,'* 
in  which  he  showed  that  growing  plants  restored  tli<^  [in^perty  of  supporting 
animal  life  to  air  which  had  l^en  vitiated  by  the  resjiiration  uf  animals  or  by 
the  hurning  of  a  canille.  He  also  found  that  airbon  dioxide  was  produced  hy 
putrefaction  and  by  plants  during  the  night-time.  Priestley  isolated  oxygen 
and  nitrogen,  and  showed  that  the  change  of  colour  in  venous  blood  on 
exposure  to  the  air  was  due  to  the  action  of  oxygen,  and  that  blood  changed 
oilour  and  gave  off  "  phlogiston '*  even  when  it  ww^  separated  frum  the  air  by 
a  moist  membrane  and  by  the  walls  of  the  blood  ves.'^els  in  the  lungs.  He 
concluded  that  respiration  deprived  the  air  of  a  portitm  of  its  oxygen  and 
imparted  to  it  a  quantity  of  nqueous  vapour  and  '*  [ddogiston." 

Lavoisier*^  (1777)  extended  and  exidained  tlie  discoveries  of  Mayow,  Black, 
and  Priestley;  he  overthrew  the  old  theory  of  *'i>ldogiston,"  and  ptdnted  out  a 
distinction  between  the  various  so-(  ailed  pli logistic  processes.  The  (;al(dnation 
of  metals  he  showed,  as  Mayow  had  observed  a  hundred  years  before,  to  be  a 
combination  with  oxygen,  whereby  the  metals  gained  in  weight;  in  respira- 
tion, on  the  other  lumd,  oxygen  was  not  only  absorbed,  but  combined  with 
carbon  to  form  car  hem  dioxide. 

Lavoisier  and  Laplace  showed  experimentally  that  animal  heat  arose  from 
a  process  of  combustion,  oxygen  combining,  as  they  thought,  with  carbon  in 
the  blood;  as  regards  the  seat  of  this  combustion,  Lavoisier  held  that  it  was 

J  PkU.  Tram,,  London.  1066,  p.  424  ;  1670,  pp.  2011,  2035. 
^  JbirL,  1668,  ]\  833;  **Trartatns  tiuiiique/'  Oxtai.  1674. 

*  **Static3al  Esaayw,"  2nd  edition,  1731,  voh  i.  |>.  *2M  et  seq, 

*  *' Lectures  on  Chendstrv."  eel.  Rohisoii,  Etliaburgli,  1803. 

*  PAi/-  Tram.,  London,  1772,  vol.  Ixii.,  i*.  147. 

*  Hisl.  Acad,  roff.  rf,  «■,,  Paris,  1775,  1777,  1780,  178»,  and  17&0. 
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in  the  lungs,  but  in  earlier  works  he  had  admitted  that  it  might  be  in  the 
other  organs  of  the  body.^ 

It  is  now  known  that  the  essential  seat  of  respiration  is  in  the  tissues  and 
not  in  the  blood.  The  demonstration  of  this  fact  is  chiefly  due  to  the  work  of 
Pfl tiger  and  his  pupils. 

Ekspiratory  Changes  in  Air. 

Methods  for  the  measTirement  of  respiratory  exchange. — ^The 
simplest  and  at  the  same  time  the  earliest  method  for  the  measurement 
of  respiratory  exchange,  is  the  analysis  of  the  air  of  a  bell  jar,  before 
and  after  an  animal  has  been  confined  in  it.  Such  a  method  was  used 
by  Black,2  Priestley,^  Lavoisier  and  Laplace,*  and  othera*  The  obvious 
objection  to  this  method  is  that  the  products  of  respiratory  exchange 


Fk;.  62. — Regnault  and  Reiset's  respiration  apiwiratus. 

aecumulate,  while  the  oxygen  diminishes,  two  conditions  either  of  which 
disturbs  the  n(jrnial  respiratory  exchange,  and  in  time  causes  the  death 
of  the  animal.^  Two  modifications  were  introduced  by  Lavoisier  to 
remove  these  defects  :  in  the  one,  the  ciirbon  dioxide  was  removed  as  it 
accuniulated,  and  a  fresh  supply  of  oxygen  was  added  ;  in  the  other,  a 
constant  stream  of  fresh  air  was  passed  through  the  respiration  chamber. 
I^pon  the  first  of  these  principles,  Regnault  and  Eeiset^  constructed  the 
a])paratus  witli  which  they  made  numerous  and  important  experiments 
u])Oii  respiratory  exchange.     Tlie  above  figui'e  shows  its  construction. 

'  •'CEuvivs/'  1862,  ]).  180.      -  '*  Lectures  on  Cbeniistry,"  cd.  Kobison,  Edinburgh,  1S03. 

•'  Fhll.  Ti'uiifi.,  London,  1772,  vol.  Ixii.  pp.  117,  168. 

**  ]Iist.  Acitd.  roy.  d.  $r.,  Paris,  1780,  p.  3r».').  ;  ''O^uvres  de  Lavoisier,"  tome  ii.  p.  326. 

^  Berthollet,  Jouni.  f.  rhnn.  Physik.  u.  Min.,  Berlin,  1808,  Hd.  v.  S.  388  ;  Legallois, 
Journ.  f.  ('Iioa.  h.  J^/n/s.,  Nin-nl)erg,  1817,  B<i.  xx.  S.  113;  Valentin,  "  Die  Einflusse  der 
Vagnslahiiiung  aiif  die  Lungen  nnd  Hautansdiinstung,"  Frankfurt  a/M.,  1857  ;  Arch.  /. 
fxpii'.  Pt^ih.  V.  PhttrmakoL,  Leipzig,  1876,  Bd.  v.  S.  143. 

^  Bernard,  '"  Lemons  sur  les  etFets  des  substances  toxi{][ues,"  1857,  p.  130;  Friedlamler 
and  Herter,  Zfsrliy.  f.  physio/.  Chcm.,  Strasslnirg,  B<1.  iii.  S.  19  ;  Stroganow,  Arch./,  d. 
(jes.  Physiol.,  Bonn,  1S76,  Bd.  xii.  S.  18.     See  also  this  article,  p.  743. 

"  Ann.  dc  cliini.  ct  phys.,  Paris,  1849,  Ser.  3,  tome  xxvi. 
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The  carbon  dioxide  m  absorbed  frcmi  the  air  b}'  eaufltic  potash,  aud  a 
constant  supply  of  oxygen  from  the  reservoirs  is  driven  in,  a  manometer 
in  commimication  with  the  animal  chamlH3r  indicating  the  pressure. 
Samples  of  air  ft*r  analysis  can  l>e  drawn  from  the  chamlier,  and  thus 
the  part  played  by  nitrogen  determines b  and  a  control  ]tlat'ed  11  ] ton  the 
eompleteness  nf  the  sup]tly  of  oxyt^en  and  the  removal  of  carbon 
liioxide.  McHlified  forms  of  KegnauU  and  Keiset's  apparatus  have  been 
uged  by  Ho])pe-Seyler  and  Stroganow,^  Pfliiger  and  Colasanti,^  Schidz  * 
Seegen  and  Nuwak.* 

In  Scharling's  ^  respiration  aj>paratns  a  constant  stream  of  freeh  air 
was  drawn  through  the  cliamljcr  in  winch  the  ainmal  was  confined.  A  big 
liarrel  served  bir  the  chandler,  and  air  frcetl  from  carl  ion  dioxide  by 
{Classing  through  Liebigw  potasli  bulbs  was  aspirated  through  the  appar- 
atus :  on  leaving  the  cliamber  the  air  passetl  through  a  fiask  eontaiidng 
sidphnric  acid,  which  renioveti  the  moisture,  and  through  a  weiglied 
|K)tash  bulb  yf  huge  size,  of  which  tlte  im^rease  in  weight  gave  the 
HUiount  of  earbrm  dioxitle  expired  by  the  ainniEil  As  a  control,  a  i^anijile 
of  air  for  analysis  was  removed  from  the  barrel  at  the  begintnng  and 
end  of  the  exjieriment.  In  this  method  the  carbon  dioxide  abaxe  was 
determined ,  and  the  results  were  inaccurate,  for  the  absorption  was 
incomplete,  as  is  shown  by  the  faet  that  the  air  leaving  the  bidbs 
rendered  lime  water  turbid.  Many  other  forms  of  apparatus  constructed 
ii[)on  similar  jn*iiicipleH  have  been  used,** 

With  the  met  hods  birmcrly  in  use  it  was  impossible  to  maintain  a 
^tetidy  ventilation,  ami  at  the  same  time  completely  absf^rb  the  carlirnj 
dioxide.  To  overcome  tins  dilliculty,  IVttcnkufer "  introduced  tlie 
following  mrxlification.  The  total  amount  of  air  drawn  through  tlie 
jilifwiratus  is  nnmsured  by  a  nn*tei' ;  continuous  sjimplcs  of  the  air 
entering  antl  leaving  the  chamber  are  steadily  drawn  tlufnigb  two 
separate  systems  of  absnr]ition  tubes  ami  meters  b«r  tlte  determination 
of  the  moisture,  carbon  dioxitie,  and  volume  of  tht^  sam]>les.  The 
difference  in  the  amouuts  of  water  and  carbon  dioxide  contained  in  the 
tvvii  samples,  nudtii>lied  by  the  total  ventilation,  gives  the  quantity  rif 
moisture  and  carbcm  <lioxide  discharg^^d  by  the  animal.  The  intake 
iif  oxygen  is  estinuited  in  the  folb^wing  way.  Tlie  animal  is  weiglied  at 
the  beginning  ami  at  the  end  of  the  cx[jeriment,  ami  the  difference 
lietween  tlie  weights  (>f  rarbnn  ditkxideand  water  dist  barged,  and  tlie  loss 
bi  weight  of  tlie  animab  represents  the  oxygen  absurbe^l.  Thus  if  W 
rei»resents  the  initial  weight  of  the  aiumal,and  W^  its  final  weight,  then 
\V  -  Wi=ir,  tlie  loss  in  weight  of  tlie  animal.  Let  C0^+  ILO  represent 
the  weights  of  carbon  dioxide  and  water  discharged  during  the  experi- 
ment, then  CO. +  HJJ-  ir— 0.J,  the  oxygen  ubsiubeib  In  thus  estimat- 
ing the  oxygen,  it  is  assumed  tliat,  aj^art  from  the  carbon  dioxide  and 

*  An^.  f.  d.  grs,  Physioi.,  U<m\\  1876,  B«L  xii.  S.  18. 

^  Ibid.,  m.  xiv.  S.  78. 

*  /friU,  1871^,  Bd.  xix.  S.  347, 

*  Ann.  d.  Chfm.  w.  Pharm.,  1843,  Bd.  xh'.  S.  2U. 

*  Allen  ttticl   Prpy-s  Fffii.  Trm^^t.,  L«iMltin,  1809,  pt.  1,  y.  412;  Diiloiig,  Ann,  di  chim 
ft  phyM.,   Paris,   1841,  Sc'r.   3,   tmiv  I  p.  440.  Dpsprpu/iiiV/.,   1H24,   Umm  xxvf.   p.  337: 
Boussinganlt.  Und,,  1SJ4,  Sh.  -V,  toiiiy  xi,  |j.  433  ;  Joitrn.  f.  pmH.   f'hrm.,    Leipzig,   IS-lfi, 
Bd.  xxxv.  S,  402  ;  Senator,  Arch,/.  Auiti.,  Pfuisiof.  u,  in',f*  nac/i.  Med.,  1872,  8.  1  ;   Lieber- 
tiieUter,  D^uhches  Arfh.f.  klin.  }faL,  Lrip^ig,  ]S70,  Rd,  vii,  S.  75. 

''  Silzunifsh.  d.  k.-haijer.  Akfui.  d,  WUseiuwh.  zu  MVoicJifiK  vtaih.-phy».  CV.,  1862,  Bd. 
ix.  (2),  S.  232  ;  Ann,  d^,  Vhcuu  u.  Pharm.,  18(32-63,  Sapp.  Bd.  ii.  S.  17. 
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water,  no  weighable  amount  of  nitrogen,  or  of  any  other  gaseous 
substance,  is  discharged  or  absorbed  by  the  animal. 

The  figure  below  represents  the  modification  of  Pettenkofer's 
apparatus,  which  was  introduced  by  Voit  for  experiments  on  animals. 

The  absorption  of  water  is  effected  by  flasks  filled  with  pieces  of 
pumice  saturated  with  sulphuric  acid,  and  the  carlx)n  dioxide  is  in  turn 
absorbed  by  making  the  air  bubble  through  a  long  tube  filled  with  a 
titrated  solution  of  baryta.^ 

The  advantages  of  Pettenkofer's  method  over  those  previously  in  use 
are  these — It  is  possible,  owing  to  the  system  of  ventilation,  to  make 
experiments  upon  man  ;  observations  can  for  a  similar  reason  be  much 
more  prolonged  without  any  danger  of  disturbance  to  the  normal 
respiratory  exchange  arising  from  an  accumulation  of  carbon  dioxide ; 
the  absorption  of  the  carbon  dioxide  is  more  exact.  Notwithstanding 
these  improvements,  Pettenkofer's  method  possesses  several  disadvan- 
tages and  sources  of  error.     The  apparatus  is  complicated  and  costly,  the 


Fio.  63. — Voit's  respiration  apparatus. 

(letenuinatiou  of  the  moisture  is  liable  to  be  inexact,  owing  to  deposition 
on  the  walls  of  the  chamber ;  during  the  process  of  weighing  the  animal 
there  is  an  intake  of  oxygen,  and  an  output  of  carbon  dioxide  and  water, 
which  are  not  determined,  and  can  only  be  calculated  approximately  ; 
the  absorption  and  estimation  of  carbon  dioxide  by  the  titration  of  the 
l)aryta  solution  has  been  shown  by  Haldane  and  Penibrey^  to  be  less 
exact  tlian  it  was  thought  to  be.  The  result  of  these  errors  falls  ujxin 
tlie  estimation  of  the  intake  of  oxygen,  for  since  0.^=C0._,  +  H2O  —  ir,  it 
is  evident  that  the  amount  of  oxygen  may  be  often  inexact.  This  has 
been  ])ointe(l  out  and  proved  by  C.  and  E.  Voit  and  Forster.* 

It  has  already   been  mentioned   that  Voit^   has  e( instructed,  u])on 
Pettenkofer's  principle,  a  smaller  apparatus  for  the   determination  of 


^  Haryta  was  first  used  by  Pettenkofer  for  this  purpose,  but  Dalton  had  previously  used 
titrated  lime  water. 

'^  London,  Ediiihurqh,  and  Duhlin  Phil.  Mag.,  London,  A])ril  1800. 

3  Ztschr.f.  Biol.,  Munehen,  1875,  IM.  xi.  S.  126.  •*  Ibid.,  1878,  Bd.  xiv.  S.  57. 


RESPIRATOR  V  CHANGES  IN  AIR. 


691 


the  respiratory  exchange  in  auinmk.  It  lias  the  advantaijes  and  most 
of  the  disad vantages  abii%'e  mentioned,  Tlve  human  respiration  apparatim 
in  the  physiological  laboratory,  Oxford,  has  been    eunntrueted  on  the 


■/5^> 


MrS04 


FlC.  64, — ^Diftgram  uf  the  human  reHpirationajiparatus  in  ttie  PhysiologicftI  Luboratoirj 
Oxford.—-^.  To  Aitpirator. 

principle  of  Pettenkofer's  apparatus,  luit  baa  been  made  iina'e  exact  and 
simple  hy  tbe  nse  of  Haklane  and  Penibrey  a  method  of  determining 
carbon  dioxide  and  moisture. 

A  more  exact  method   m  that  introdnced    liy   Hah  lane. ^     It  is  a 


Fio.  65.— Haldane'a  respii-ation  apparatus. — 1  and  4,  norla  lime  ;  2,  3,  and  '«,  ptimicc 
soaked  tn  stdpliuric  acid  ;  Cli,  chamber  for  animal  ;  M,  gahniL'tt?!  ;  J,  Avator  mano- 
meter ;  F,  aspirator. 

modification  of  the  ap]>anitnR  used  hy  Seharlinfj:  and  Ppttenkofer,  but 
the  chief  sonrces  of  error  have  been  ehminated  or  greatly  diminished, 
and  the  method  has  been  made  extremely  Bimple,  The  construction  ib 
eh  own  in  Fig.  65  ". — - 

*  Joum*  PhtjsioLt  Cambridge  and  London,  1892,  vol.  xiii.  p.  419. 
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The  moisture  is  absorbed  by  pumice  saturated  with  sulphuric  acid, 
and  the  carbon  dioxide  is  removed  by  soda  lime,  which  has  been  proved 
to  be  such  a  rapid  and  excellent  absorbent  that  the  total  output  of 
carbon  dioxide  can  be  determined  directly.^  The  animal  is  weighed  in 
the  closed  chamber  before  and  after  the  experiment,  and  thus  there  is 
no  need  to  calculate  the  respiratory  exchange  during  that  process,  and 
no  error  arises  from  the  deposition  of  moisture.  The  air  entering  the 
chamber  is  freed  from  carbon  dioxide  and  moisture>  and  therefore  all 
the  moisture  and  carbon  dioxide  in  the  air  leaving  the  chamber  come 

from  the  animal  The 
intake  of  oxygen  is 
determined  indirectly ; 
the  animal  gives  off 
only  carbon  dioxide 
and  water,  it  absorbs 
only  oxygen,  and  the 
amount  absorbed  is 
found  by  subtracting 
the  loss  in  weight  of  the 
chamber  and  animal 
from  the  total  loss  of 
carbon  dioxide  and 
water. 

Haldane's  method 
has  also  been  adopted 
for  the  determina- 
tion of  the  respira- 
tory exchange  of  small 
animals  and  of  chick 
embryos.^ 

Another  method, 
which  has  been  used 
for  the  observation  of 
tlie  respiratory  ex- 
cliange  in  man,  is  the 
deterniiiiatioii  of  the  volume  of  air  respired  during  a  limited  period, 
and  then,  from  analysis  of  samples  of  the  inspired  and  expired  air, 
estiniatin*^  the  intake  of  oxygen  and  the  output  of  carbon  dioxide 
and    water.^     The    more   recent   and    exact   forms   of   apparatus   con- 


Liiwy's  respiration  ap[»aratus. 


^  Haldane  and  Pembrey,  loc,  at. 

'  Penibroy,  J<>urn.  Physiol.,  Cambridge  and  London,  1894,  vol.  xv.  p.  401  ;  1894-95, 
vol.   xvii.   p.   3:j]. 

•'  Daw,  "  Researchos,"  p.  431  ;  Ann.  d.  Phys.  n.  Chcm.,  Loipzif?.  Bd.  xix.  S.  298  ;  Allen 
and  IVjw.s,  /'////.  Trans..  London,  1808,  j).  250:  1809,  p.  401  ;  Prout,  Jnn.  Phil.,  London, 
181  :i,  vol.  ii.  J..  .S:30  ;  vol.  iv.  p.  1531  ;  Jouni.f.  Chnn.  v.  Phys.,  Niirnberg,  1814,  Bd.  xv.  ; 
Ma((  Jr«'gor,  ./////.  flcrhtm.  dphys.,  Paris,  IS  11,  Sc'r.  3.  tome  ii.  j).  538  ;  Wertheiin,  DeutscJirs 
Arch./.  lUn.  JAv/.,  L('ipzi<r,  lid.  xv.  ;  //'//•//.  nied.  frchnschr.,  1878;  Viorordt,  "Physiol, 
d.  Atliniens."  KjuIsihIh',  1845;  E.  Smith,  Phil.  Trans.,  London,  1859,  vol.  cxlix.  p.  f;S2  ; 
8p«'ck,  "  I'ntf^sucli.  lU'bcr  SauerstoflVerbiaiKjh  n.  Kohlensaureausathniung  d.  Mens<"hen," 
Casscl,  1871  ;  Arch.  /.  rxpcr.  ]\tt}t.  n.  Phari/udol.,  Leipzig,  Bd.  ii.  S.  405;  B<1.  xii. 
S.  1  :  Losson,  Zfschi:  /.  Biol.,  Miinchen,  1866,  Bd.  ii.  S.  244  ;  Berg,  Devtschtu 
Arch.  f.  klin.  Med.,  Leipzig.  1869,  Bd.  vi.  S.  291;  Lcyden,  ibid.,  Bd.  vii.  S.  536; 
Andral  and  Gavarret,  "  Kecherches  siir  I'acide  carboniipie  exhale,"  Paris,  1843  ; 
Marcrt,  Phil.  Trans.,  London,  1890,  B.  ;  Proc.  Roy.  Soc.  London,  1891,  vol.  xlix. 
j».  103  ;  .lolvet,  Bergonie,  and  Sigalas,  Compt.  reml.  Ac/id.  d.  sc,  Paris,  1887,  tome  cv. 
p.  380. 
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•tructed  upon  these  principles  are  those  used  by  Zuntz,^  Geppert^  and 
LowT.*     A  diagram  of  such  an  appamtua  is  shown  in  Fig^  66. 

The  disadvantage  of  these  methods  is  that,  nwing  to  the  attention 
of  the  subjeet  being  directed  to  the  breatliiiig,  t!ie  vohmie  of  uir 
respired  during  a  limited  period  is  not  a  fair  sample  upon  wliich  tn 
base  an  exact  calenlation,  and,  moreover,  the  depth  and  the  rate  of 
breathing  are  also  liable  to  anotfier  Bounce  of  diaturltaiice,  the  resistance 
of  the  apparatua.  For  these  and  other  reasons,*  the  results  obtained 
durmg  short  periods  of  oteervation  are  liable  to  lead  to  erroneons 
cancltimons. 

Methfjds  similar  to  those  just  mentioned  have  been  employed  in  the 
case  of  animals,^  the  mouth  and  nose  being  covered  with  a  respiration 
uiask  or  tbe  trachea  connected  by  a  cannula  with  the  a]>paratiis 
necessary  for  the  measurement  of  the  inspired  and  expired  air.  It  is 
ob\ioiis  that  these  methods  introduce  many  sources  of  disturbance :  the 
aii-iiQalB,  imless  horses  be  used,  must  be  tied  down,  and  in  many  cases 
anfesthetised,  conditions  which  markedly  attbct  the  respiratory  exchange.*' 
For  these  reasons  the  methods  of  Pettenkofer  ami  Ifaldane  are  in  most 
cases  to  be  preferred,  for  the  animals  are  placed  imder  conditions  as 
far  as  possible  normal ;  these  methods  are,  however,  unsiutalile  wlieii 
o|>erative  prrjcedurea  have  to  be  cvarried  on  at  the  same  time  us  the 
determination  of  the  respiratory  excbange. 

Methods  for  the  measurement  of  respiratory  exchange  in  water.— 
Tlie  reii|iiniti«>iv  ui  tii^hei^  was  stu<Ued  by  lluinltoldt  and  Pmvenral  ^  m  the  follow- 
ing maimer  :-^  Tire  liishes  weri'  plated  in  a  Ha>k  of  water,  the  gnseons  tonteut.^ 
of  which  bad  Ix'eii  nnalysei],  i\i\\\  then  after  an  interval  a  sample  of  tlie  water 
^•fts  examijied  and  the  alteration  in  it^  gases  iletermineil.  The  quantity  of 
water  present  was  ineustired,  and  thu,s  it  was  |M>ssit»le  Uv  esliniate  the  anmunt 
r»f  gase*?  absorbed  anil  discharged  by  tlie  fish.  A  similar  method  has  been 
used  by  Vernon**  fr^r  the  meiisnrement  of  the  respiratory  exchange  in  marine 
invertebrates, 

liimraert^  improved  this  method  by  passing  a  stream  tif  water  through  the 
flask  containing  the  animtds  ;  the  gases  cont^iineil  in  a  sample  <jf  the  water 
entering  and  in  tlie  water  leaving  tlie  Has^k  wt^^f  <letermine<l.  A  niti(iilieation 
r»f  Regnault  and  Keisets  method  was  intoMhiieil  by  Joiyet  and  Reynard  ;^^ 
a  stream  of  air  was  iiiaile  tu  bubble  sl<»wly  tlvrough  the  water  in   wldi-li   the 

^  BerL  kiin.  WehttMchr,,  1887,  S.  429;  Arduf.  PhysioL,  Leipzig,  1889,  S-  160. 
^  Anh.f,  exper.  Paih,  «.  Phfirmah)?.,  Leipzig',  18h7»  1M.  xxii.  S,  Mt^. 
^Arek,/.  d.  ffcn.  PhffHw/.,  Berlin,  38S8,  M.  jciii,  S.  268;  ibid.,  1888,  M.  xliiL  S.  51 JU 
Und.,  1891,  BrL  xlix.  «.  492. 

*  8e&  IK  754. 

^  Sczelkow,  SinuiH/sk  it  k.  Ahid.  d.  U'isgfjisch,  Math .  iia^ tirtr,  Ct.,  Wien,  1862, 
H^i.  xlv  ;  KmvAleivJiky,  Bft'.  tL  l\  sitrh^.  fifs^f/mh.  tL  Uls.^u^fh.  .}fath.'jihifs.  A7.,  18P«5, 
M.  xviii.  S.  Ill  ;  Sanders- Kxn,  ibkt<,  18ti7t  \^*\  xix.  S.  f*!^  :  Arb.  a,  tf.  phifstoi.  Aiu^f.  r« 
Lfipzig,  1863,  S»  58;  SdierPdietjtWHki,  L'>  r.  ff.  k.  ^ttftA.  O'l^lhth,  d.  H'UtfiL^cft,  Afalh.- 
pkt/i,  A7,,  1868,  Bd.  xx.  H,  ir>4  ;  Kr.hrii;  ami  Ztintz,  Anh.  /.  d.  gnf.  PhtjmtL,  Bomi, 
1871,  Bel.  iv.  S,  57;  tnnU,  ibUt,  1876,  Bd.  .\u.  S.  r322  ;  FiTikler  auii  Oortmnnii,  ibid., 
mi,  Bd.  xiv.  S.  38;  PflUgcr,  ibid,,  1878,  B.I.  xviii.  S.  2i7;  Hajnir^t  ainl  lEich«'l, 
Cttmpi.  rend,  Soc.  de  hmL,  Paris,  1886  ;  CompL  rnuL  Arod.  d,  si\,  Paiisp  1887,  tome  civ. 
IK  435;  Fredericq,   He^,  Hn't'ttt.,   Pariw,   1880;  Pti/f.  Amd.  r^jy,  d,  sc.  de  Bclff.,  Bnixclles, 

lase. 

•  S«e  p,  717,     See  tiUo  '*  Aniiiial  H«at,'*  this  Text-hook,  vol.  i. 

^ Mitn*  d^  ifi  *Soe.  d^  pkifs.  ei  de  fhiifi.  d^ArcuKt/^  Vnrlnj  1807,  tome  ii.  p.  359;  Jounu 
f.  Chern,  it,  Phij*.,  NtlnilMi^,  B<L  i.  S.  86. 

^Jovrji.  Phfmoi.^  Caiiiliridge  and  London,  1895-90,  vol.  xix.  p.  18. 
***Cln?Tii.  Uiitersiieh.  u.  d.  ReH|»ir.  ib  S^'lilammpcitz^ers."  Birslaii,  1855,  S.  24. 
^**  Arch,  dr  phyfml,  n&rm,  tipotk.,  Paris,  1877.  touie  iv.  y.  44, 
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animal  was  placed ;  this  air  was  analysed  for  carbon  dioxide,  and  the  oxygen 
absorbed  by  the  animal  was  replaced  by  a  corresponding  amount  supplied  from 
a  gasometer. 

The  consumption  of  oxygen  by  animals  living  in  water  can  be  determined 
by  titrating  a  sample  of  the  water  before  and  after  the  confinement  of  the 
animal  in  a  known  volume  of  water.  Quinquand^  used  for  this  purpose 
sodium  hyposulphite,  according  to  Schutzenberger's  method. 

The  conditions  which  ctffect  the  respiratory  exchange.  —  A  de- 
termination of  the  respiratory  exchange  not  only  gives  the  absolute 
value  of  the  oxygen  absorbed,  and  of  the  carbon  dioxide  and  water  ex- 
creted, but  also  shows  the  relationship  between  the  intake  of  oxygen 
and  the  output  of  carbon  dioxide.  This  ratio  between  the  volume  of 
oxygen  absorbed  and  the  volume  of  carbon  dioxide  discharged  is  known  as 

CO 
the  respiratory  quotient  -jr-^,  and  indicates  how  much  of  the  oxygen  com- 

2 

bines  with  carbon  to  form  carbon  dioxide,  for  one  volume  of  oxygen  in 
combining  with  carbon  yields  one  volume  of  carbon  dioxide.  Various 
conditions  influence  both  the  amount  of  the  respiratory  exchange  and 
tlie  relative  proportions  of  the  gases,  but  it  must  be  remembered  that 
determinations  of  short  duration  may  give  rise  to  erroneous  conclusions, 
for  oxygen  may  be  stored  up  for  some  time  within  the  body,  and 
carjjon  dioxide  may  still  be  formed  and  discharged  when  there  is  no 
intake  of  oxygen. 

The  question  here  arises.  Does  nitrogen  play  any  active  part  in 
respiration,  is  there  any  absorption  or  discharge  of  nitrogen  ?  *  The 
older  o])server8  found  that  nitrogen  w^as  sometimes  absorbed  by  the 
lungs,  and  in  nearly  all  of  Regnault  and  Reiset's^  determinations  of  the 
respiratory  exchange  in  different  animals  there  is  an  alteration  in  the 
amount  of  nitrogen  present  in  the  air,  denoting  generally  a  discharge  of 
a  small  (juautity  of  nitrogen  from  the  animal.  Marchand  *  had  also  ob- 
tained siniilar  results ;  he  found  in  ten  experiments  upon  guinea-pigs 
that  the  average  discharge  of  nitrogen  w^as  e([ual  to  0*94  per  cent,  of  the 
output  of  carbfni  dioxide,  and  in  three  experiments  on  pigeons  to  0'85 
l)er  cent.  Seegen  and  Xowak  ^  also  found  a  discharge  of  nitrogen, 
varying  from  4  to  9  mgrms.  per  kilo,  and  hour  in  thirty-two  experiments 
upon  rabbits,  dogs,  and  hens. 

Tliis  (liscliarge  of  nitrogen  in  many  cases  appears  to  be  due  to  an 
error  of  ex])erinient.^  Analyses,  purposely  made  by  Colasanti^  to  test 
tliis  point,  showed  no  discliarge  or  absorption  of  nitrogen  by  guinea-piirs. 
The  small  amount  observed  by  other  experimenters  may  be  due  either 
to  nitroj^a^n  discharged  from  the  alimentary  canal  or  to  experimental 
errors.  Acc(jrding  to  Jolyet,  Bergonie,  and  Sigalas,^  an  amount  of 
nitrogen  varying  from  y^^  to  Tiyrnr  ^^^  the  oxygen  absorbed  is  taken 
up  by  the  blood  in  its  passage  through  the  lungs  of  a  man  or  a  dou'. 
In   any   case  the    amount    of   nitrogen    aljsorbed    or  discharged   under 

^  Coinpt.  rend.  ArcuL  <L  ,sc.,  Paris,  1S73,  tome  Ixxvi.  p.  1141. 
-  For  finther  details,  see  Voit,  Ilemiaiui's  "  Handbuch,"  Bd.  vi.,  Th.  1,  S.  37. 
•^  Aiin.  (f>  rliiin.  rt  pfn/s,  Paris,  1S49,  Sth*.  3,  tome  xxvi. 
^Jouni.J.pnd'f.  Chr'ni.,  Leipzig,  1848,  Hd.  xliv.  S.  1. 

^ SUzuufj^h.  d.  k.  Akad.  d.  JFisscnsr/i.  Math.-naturw.  CI,  Wien,  1875,  Bd.  Ixxi.  (3), 
S.  329  ;    Arrh.  f.  d.  qrs.  P/n/sioL.  lionu,  1879,  Bd.  xix.  S.  347. 

MVttenkofer  and  Voit,  ZUrhr.  f.  Bio/.,  Mliiidien,  1880,  Bd.  xvi.  S.  508. 
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ordinary  couditions  is  so  small  that  it  may  be  neglected.  It  is  to 
be  noted,  however,  that  Colasauti  and  Fiiikler  ^  always  found  siuall 
tjuiintities  of  marsh  gas  and  hydrogen  in  the  respiration  chamber 
in  which  well-fed  guinea-pigs  were  placed ;  these  gases  proliably 
came  from  the  ahmentary  canal,  for  they  were  not  fount!  in  the  ease 
of  guinea-pigs  deprived  of  food.  Zuntz-  and  Tacke  fovmd  that  three- 
quarters  of  the  hydrogen  and  marsh  ga.s  formetl  in  the  alimentary 
canal  of  a  rabbit  were  absorl>ed  by  the  blood  and  discharged  by  the 
lungs. 

The  respiratory  exchange  of  cold  -  blooded  animals.  —  ^Vhen 
compared  with  warm-blooded  aiiiiuals,  tlie  respiratory  exeliange  of 
most  eold-blocKled  animals  is  very  amall,  a  fact  which  explains  the 
8iiiall  proiluetion  of  heat  observed  in  this  class  of  animals.^  Some 
of  the  earliest  deternnnafcir>ns  were  those  made  by  Vauijneliii,^ 
Si>allauzani*  New^M»rt,^  Trcviranus/  Edwards,^  and  ^iuller."  They 
showed  that  tli«*  ijuatitity  of  uxygen  connumcd  ami  of  c44rbon  diiixicle 
produced  was  for  e<[ual  weights  of  animals  generally  nnicli  hiss  in  cnld- 
blooded  than  in  warm  -  bluoded  auiiuals,  the  mo,st  marked  exception 
being  in  insects.  Loiter  resea relies  have  cunfirmcd  these  general  conclu- 
sions, and  have  8ho%vn  the  conditions,  wliieh  chietly  ahect  the  respiratory 
exchaoge  in  these  animals.  Of  these  conditions  the  most  iniportant  'm 
the  external  temperature,  a  rise  in  temperature  causing  an  increase,  a 
fall  in  temperature  a  decrease  in  the  respiratfiry  exeliange.  In  the 
followiug  table  the  results  of  various  oliservers  are  ex]jressed  fur 
1  kikx  weight  of  animal  and  1  hour,  in  order  tbat  thry  may  be 
comparable :— 
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An  examiimtioii  of  the  ahove  results  shows  that  the  re.spiratoiy 
exchange  iA  mfpBt  of  tlie  eold-hlootled  aiumals  is  very  sDiall,  hut  that  a 
marked  exception  exists  in  the  (^nse  of  insects,  which  ]iave  a  iiietahohsm 
equal  to  that  of  the  larger  rnanmials.  This  remarkable  excejttiori  hiids 
confirmation  in  the  relatively  high  temperature*  of  iiiaects  and  in  their 
wonderful  nnieiular  activity. 

^  **Cliem,  Untersiieb.  vi.  d,  Hi'?<|iir.  d.  Scbliiiiiiiipeitzgers/'  Breslau,  iSjfi,  S,  24. 

*  CmnpL  raid.  AcmL  d.  .hc,  Fa  lis,  1873»  ttjnie  Ixxvi.  p.  114L 
^  Arch,/,  *i.  ym  Phifsiol.,  lioiiii.  1877,  Lkl.  xiv.  S.  78, 

*  Article  '*  Aiumal  Heiit,"  thh  Textbook,  vol.  i. 
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The  respiration  of  fishes. —The  necessity  of  air  for  the  life  of  fishes 
was  proved  by  Boyle  ^  during  his  experiments  with  the  air-pump.  He  states 
that  "  there  is  wont  to  lurk  in  water  many  little  parcels  of  interspersed  air, 
whereof  it  seems  not  impossible  that  fishes  may  make  some  use,  either  by 
separating  it  when  they  strain  the  matter  through  their  gills,  or  by  some  other 
way."  Mayow-  (1674)  appears  to  have  been  the  first  to  understand  and  to 
correctly  describe  how  fish  breathed  by  taking  up  nitro-aerial  gas  (oxygen) 
from  the  water  by  means  of  the  blood  flowing  through  their  gills ;  and  Ber- 
nouilli^  in  1690  demonstrated  that  fish  could  not  live  in  cold  water  from 
which  the  air  had  been  expelled  by  boiling. 

The  methods  employed  and  quantitative  results  obtained  by:  different 
observers,  who  have  studied  the  respiration  of  fishes  and  other  animals  living 
in  water,  have  already  been  described.  A  few  additional  facts,  however, 
must  be  mentioned.  Humboldt  and  Provencal  *  state  that  nitrogen  was  in 
some  cases  absorbed,  but  when  the  water  was  impregnated  with  oxygen  and 
hydrogen  none  of  the  latter  gas  was  taken  up  by  the  fishes  ;  a  certain  amount 
of  cutaneous  respiration  also  occurs,  and  fishes  can  breathe  in  the  air  as  long  as 
their  gills  are  kept  moist  with  water.  The  respiration  of  fishes  living  in  the 
sea  is  facilitated  by  the  absence  of  any  free  carbon  dioxide  in  the  water,  for 
any  carbon  dioxide  formed  is  at  once  fixed  by  the  excess  of  alkaline  base 
present  in  the  water. ^ 

In  connection  with  the  respiration  of  fishes,  the  sicimming-hladder  must  be 
(considered,  for  this  organ  is  one  which  can  secrete  gases  and  in  some  cases 
store  up  almost  pure  oxygen. 

Biot  ^  found  that  the  percentage  of  oxygen  increased  with  the  depth  from 
which  the  fisli  was  taken ;  the  greatest  percentage  was  87.  This  was  con- 
firmed by  the  observations  of  Delaroche,'^  who  obtained  70  per  cent,  oxygen  from 
the  bladder  of  fishes  drawn  up  from  a  greater  depth  than  50  metres  (164  feet), 
and  29  per  cent,  from  those  taken  at  smaller  depths.  Erman,^  Vauquelin,^ 
Configliachi,^^  and  Delaroche^^  analysed  the  gas  in  the  swimming-bladder  of 
fresh-water  tisli,  and  found  the  percentage  of  oxygen  generally  less  than  that 
in  the  atmosphere,  little  or  no  carbon  dioxide,  but  much  nitrogen.  The  mean 
of  analyses  niad«*  by  Humboldt  and  Provencal  showed  7*1  parts  of  oxygen, 
5*2  of  carbon  dioxide,  and  87*7  parts  of  nitrogen  in  100  volumes  of  gas  from 
the  swininiing-bladder  of  a  carp,  while  the  results  obtained  by  F.  Schultz  ^-" 
varied  between  Tl  and  13*2  per  cent,  oxygen  and  1*4  and  5*4  per  cent,  carbon 
dioxide. 

According  to  Humboldt  and  Provencal,  the  tencli  {Cii])rivusiinca),  in  which 
there  is  a  duct  communicating  between  the  air-bladder  and  the  mouth,  does 
not  take  liydrogcn  into  its  bladder  wlien  the  water  in  which  it  is  confined  is 
saturated  wiili  tliat  gas.     Moreau  obtained  similar  negative  results ;  but  more 

'  ''N.'w   ExiteiiiiM-nts,   Pliysico-Mechanical,  toucliiiig  the  Spring  of  the   Air,"   1662; 
Phil.  Trans.,  London,  1670,  pp.  2011,  2035  ;  "Works,*^  Shaw'.s  edition,  vol.  i.  p.  109. 
-  "TrjKtatus  nuimjuo,"  Oxon.,  1674,  vol.  i.  ch.  xv.  p.  259. 

•'  "  Dissertatio  dc  eflcrvescentia  et  lernientatione  nova  hypothesi  fundata,"  eh.  xiv. 
P>asili;t'.  ir)!ni. 

••  M^'/n.  <lr  hi  S<„'.  <]>•  'j)]ni>i.  H  dc  chi,n.  d" Arcueil,  Paris,  1809,  tome  ii.  jj.  359  ;  Jount. 
f.  Ch'in.  u.  I'iiys.,  Nunihorg,  1811,  Bd.  i.  8.  86. 

''  Dittinai',  I'roc.  I'Jiil.  Soc.  Glas'jotr,  vol.  xvi.  p.  61  ;  M'Kendrick,  Xafirrr,  London, 
ISSS,  Au^'.  ]♦'•  ;  J^rit.  Mrd.  Journ.,  London,  1888,  vol.  ii.  p.  331:  Petersen,  Sci>(t,sJi 
(i^rxjriiph.  M"',.,  K(linl)ur<,di,  1895,  Jnne,  ]..  294. 

''  Mr,n.  ilr  hi  Snc.  di'  j'/ii/s.  ct  dc  chilli.  d'Arctieil,  Paris,  18o7,  tome  i.  p.  252  ;  ^7i7i.  d. 
J'/n/.H.  K.  rjn'n,..  lAy/Mj^.  Bd.  xxvi.  S.  454. 

''  Jouni.  1.  (•}<',„.  I'.  rh,/s.,  Nurnher^'.  ISll,  Bd.  i.  S.  122. 
^  Anu.  d.  rh;is.  V.  C/i',11.,  Lt'ipziir,  180S,  Brl.  xxx.  S.  11:3. 
^  ^'au'|n<•lin.  quoted  tioni  Erinan,  referenne  8. 
^"Journ.  f.  ('h'ni.  II.  Jlivs.,  Niirnbcrg,  ISll,  Bd.  i.  S.  137. 
"  ridd.,  S.  lo4. 
'-  Arch.  f.  d.  nrs.  Phifshd.,  Bonn,  1872,  Bd.  v.  S.  48. 
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recent  experiments  by  Meiigarini  ^  ahuw  that  the  gohlfi^ili  (CaroMuti^  auraius) 
and  roach  {Lenciscns\  in  which  there  is  a  ihictiij*  imeuiiiMticUJ?,  the  mullet 
(ITw^iY  cephalu^)  and  rockling  (Motelhi)^  in  which  there  is  no  duct,  do  take  up 
hydrogen  from  water  satnruted  \vith  tluit  gas. 

Moreau  -  hai?  shown  that  the  withdrawal  of  the  gas  of  the  swimmitig-bhidder 
by  means  of  a  trocar  leads  in  a  ?*hort  time  t<j  the  secretion  of  a  gaa  richer  in 
ax^'gen,  and  that  by  a  repetition  of  this  proct^^s  the  percentage  of  oxygen  can  he 
raised  as  high  as  S5  ;  he  also  states  that  section  of  the  sympathetic  nerve  hastens 
the  process  of  secretion.  These  i>bservations  have  been  repeated  and  extended 
by  Hiifner^*  and  Bohr.*  Cod-fish  {iradu^  caUarids}  were  caught  in  a  net  at  a 
depth  of  about  14  metre.^  (46  frt4.),  and  when  they  were  drsiwii  to  the  surface 
the  gas  in  the  air-bladder  expuiNled  so  much  that  tlie  fish  Kwam  with  their  hacks 
downwanis,  TIte  gas  wa.s  fonnd  in  one  case  to  contain  52  percent,  of  oxygen  ; 
but  when  the  fish  had  been  near  the  surface  of  the  water  for  some  time  only  13 
per  cent,  of  oxygen  was  obtained.  After  tlie  removal  of  the  gas  from  the  bladder, 
it»8ecretion  begins  again  ;  wit)iin  six  hours  a  little  gas  has  accuniu luted,  anil  in 
twenty-four  hours  the  bhidder  is  again  full.  The  rapidity  of  the  process  and  the 
increase  in  the  percentage  of  oxygen  is  shown  by  the  following  examples ; — 
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Bohr  has  also  shown  that  after  section  of  tlie  branches  (rami  intestinales) 
of  the  vagus  which  supply  the  air-bladder,  the  secretion  of  the  gas  ceases  en- 
tirely, but  that  no  eflect  upon  the  t^ecretian  is  observed  after  ?^cction  of  the 
rami  c;irdiaci  or  the  nervi  luterales.  These  phenomena  ubserved  in. the  case  of 
the  swimming-bladder  can  at  ]«resent  be  exjdained  only  as  u  process  of  secretion. 
The  air  is  not  swallowed,  for  the  iishes  with  the  greatest  [terceutage  id  oxygen 
in  their  bladders  are  those  which  do  not  come  to  the  surface,  Init  live  at  great 
depths  ;  in  some  of  theui,  moreover,  such  as  the  cod  ((rwhin  faflaria^ij^  there  is 
no  communication  between  the  bladder  an<l  the  mouth.  The  i>iieniimcna  can- 
not be  accounted  for  In"  simple  ditfiision,  fur  the  water  which  surrounds  the  fish 
cannot  have  a  higher  tension  of  oxygen  than  21  per  cent,  of  an  atmosphere.'' 
Further,  Ikihr  lias  shown  tluit  the  percenlage  of  oxygen  is  tujt  reduced  by 
dilfusion  outwards,  for  when  the  secretion  of  fresh  oxygen  is  prevented  by 
section  of  the  vagus,  the  high  perc^entage  of  oxygen  is  maintained  fur  two  or 
three  days.  As  long  ns  the  swimming-bladder  is  fresh,  it  is  almost  im- 
permeable to  oxygen,  even  wlicu  the  difiereuce  of  pressures  inside  a-nd  outside 
tlie  bladder  amounts  to  one  atmosphere.  It  is  to  be  noted  th^d. the. membrane 
lining  the  sw^imming-bladder  has  a  peculiar  glandular  structure. 

1  Arch./.  Phy>^iol,,  Uii>7jg,  \\^m,  S.  5i. 

^  C&mpt.  read.  Acffd.  d.  sc,  VarU,  187H,  tome  Ivii.  pp,  37,  816  ;  "Eechen;lics  oxjK'n- 
mentales  »iir  les  fuactiuaea  <le  In  vejisie  iiatntoire,"  Farii^,  187^1  ;  *'  Mt^ai.  de  pliyaiol.,"  Paris, 
1877,  pp.  69-86. 

3  Arch./,  Physiol.,  Leipzig,  1892.  S.  54. 

^  Joum,  Fhy^wLf  Caiiibrioge  and  Ltjiidwi,  1^1*4,  vol.  xv.  p.  494  ;  f^mij^t,  muf.  Accul. 
d.  m.,  PAria,  1892,  tome  cxiv.  ji.  1560. 

'  Bi«>t,  Dfilaroclie,  Moreau^  loc.  ciL  ;  Jakobst'O,  Ayiu.  d.  Vhan.  u,  P/tarm.,  BhJ.  clxvii. 
S.  1  ;  Hufner,  Arcli,/.  Pkyifipl.,  b-iiwit%  1897,  S.  112. 
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^  Ann.  dc  chim.  etphys.,  Paris,  1863,  Ser.  3,  tome  Ixix.  p.  129. 

*  Trav.  du  lab.  de  Liege,  1888,  tome  i.  p.  110. 

^  Ann.  de  chim.  etphys.,  Paris,  1844,  S^r.  3,  tome  xi.  p.  444. 

'^  Landwirthsch.  Verfu/Jisstat.,  Bd.  xviii.  S.  81. 
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«  Sec  also  Finkler,  ihuL,  Binii,  1S77,  B<L  xv,  S,  603. 

'  CompL  reiuL  Jaui.  if.  sc,  Paris,  1SS9,  tome  fix.  \k  190;  vl/-c/i.  dc  pht/sioi,  iwrm,  d 
paih,,  Paris,  1890,  t«<rne  x\ii.  y,  17, 

*  yirchmrsArrftiV,  1879,  H4.  Ixxvii.  S.  136. 
^ZtMtfiT./.  Bid.,  Miimheri,  1873,  B^L  ix.  S.  1. 

*  Joum,  de  faacU.  ff  phimoi.^  dc.^  Pam,  18&2»  tome  xviii.  p.  469* 
^  Fev^r,  Smithson.  f'rmtnb.  IdmirL^  Washfo'itoii,  1880. 

*  Arrk./.  Auaf.,  Pfufswi.,  n.  wijiseriiich.  Mtd.t  187'2,  S,  1. 
^  Ztuchr,/,  MoL,  Miinrhfn,  }^7 U  Hd.  x.  S.  :ill. 

*•  Jr>wrii.  Fhif^iioi.t  Cikm\milj;e  and  London,  ISTt*,  vol.  ii.  p.  22H, 
^*  Ztjtchr.f.  Bid.,  Miindmi,  1878,  Hd.  xiv.  8.  51. 

"  **Die  Verdaoun^'swiTtM  mid  der  Stoii'wechscI/'  lieijjzip,  lSi*'2,  8.  321-362. 
^^  LandwirthMfK  rrr*w*r/fjw/rt/,,    1866,   Bi.  viii.  S.  443;  "Ninn?  Ikitr,  2.   Bugriindong 
©iner  ratiouelleii  Ftittenmg  dtr  Wiuderkauer/'  Uuttingeti,  1870-7'2. 
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^  Journ.  Physiol.,  Cambnd^e  and  London,  1894,  voL  xv.  p.  40L 

"  Arch.  i(al.  ik  hioL,  Turin,  1891,  tome  xv.  p.  223. 

^  Ann.  d.  Chan.  u.  Phann.,  1867,  Bd.  cxlL  S.  295;  Ztschr.  /".  Biol.^  Mltnchen 
1866,  Bd.  ii.  S.  459  ;  .1869,  Bd.  v.  S.  319;  SUzungsb,  d.  k.  Akad.  d.  JFissenach.,  Wien, 
Nov.  10,  1866  ;  Feb.  9,  1867. 

*  Arch.  f.  AmU.,  PhyswL,  u.  wisseiisch,  Med.,  1862,  S.  311. 
»  ^7171.  d.  Chan.  u.  Pharm.,  1843,  Bd.  xlv.  S.  214. 

*  "  Untersuch.  ueber  Sauerstotfverbrauch.  u.  Kohlensaureausathmung  des  Menaohen," 
Cassel,  1871,  S.  31. 

^  Compt.  rend.  Acad.  d.  sc.,  Paris,  1888,  tome  cvi.  p.  419. 

8  Arch./,  d,  ges.  Physiol.,  Bonn,  1888,  Bd.  xliii.  S.  523,  624. 

"  Arch./,  txper.  Path,  u,  PhamiakoL,  Leipzig,  1887,  Bd.  xxii.  S.  381. 
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The  respiratory  exchange  of  warm-blooded  animals, — The 
tiesues  of  warm-blooded  anuuals  are  the  weat  of  a  very  energetic 
combustion,  which  is  subject  to  quantitative  and  qualitative  changes, 
owing  to  the  iniiueuce  of  certain  fact^irs,  such  as  age,  size  of  body, 
external  temperature,  muscular  activity,  rest,  digestion,  hunger,  and 
hibematiou.  A  general  comparison  between  tlie  various  members  of 
the  two  great  classes  of  the  warm-blooded  animals,  birds  and  mammals, 
will  lie  found  in  the  tables  on  pp.  706-708. 

These  tallies  ^  show"  that,  weight  for  weight,  binls  have  a  more 
rapid  respiratory  exchange  than  niamiuals,  and  this  difference  is 
associated  with  a  liiglier  bodily  temperature.^  It  is  also  to  be 
noticed  that  the  respiratory  quotient  of  tlie  herbivorous  animals  is 
nearly  unity,  but  that  of  the  carnivorous  animals  is  about  0*74. 
The  respiratory  exchange  of  small  animals  of  the  same  or  of 
different  8]_iecies  is  relatively  greater  than  that  of  large  animals.* 
The  causes  of  many  of  these  differences  will  imw  be  discussed  in 
detail. 

Tbe  influence  of  external  temperature  upon  the  respiratory  ex- 
change.— Since  the  time  when  Crawford  *  showed  by  experiment  that 
external  cold  increased  the  discharge  of  carbon  dioxide  from  a  warm- 
blooded anijual,  umnerous  similar  observations  have  been  made  by  various 
obsen-^ers.  The  most  important  result  of  this  work  has  been  the  dis- 
covery that  cold-blooded  animals  respond  to  changes  of  external  tempera- 
ture in  an  exactly  opposite  way  to  that  shown  by  warm-bloofled  animids; 
in  the  former  chiss  a  ri.se  or  fall  in  the  temperature  of  the  surroimdings 
piroduces  respect i\"ely  an  increase  or  decrease  in  the  intake  of  oxygen 
and  the  output  of  carbon  dioxide,  whereas  in  the  latter  class  cold  increases 
and  heat  diminishes  the  respiratory  exchange.  On  this  account  it  will 
be  well  to  consider  separately  the  influence  of  temperature  on  these  two 
classes  of  animals,  and  then  to  discuss  the  causes  of  the  great  ditterence 
in  the  effect 

Cold-blooded  animals. — Some  of  the  earliest  exiieriments  u]>on  the 
influence  of  temperature  upon  the  respiratory  exchange  of  cohbbloodetl 
animals  appear  to  have  been  made  by  Delarocbe;''  Tre\'iranus/^  and 
Marchand,"  Imt,  owing  to  imperfect  methods,  their  results  are  not  very 
exact,  althongfi  they  show"  that  the  respiratory  exchange  slowly  rises 
and  falls  with  the  external  temperature. 

In  1857,  Moleschotf^  made  a  series  of  ex])erinients  upon  frogs,  and 
found  that  exposure  to  an  increased  external  temperature  or  to  light 
caused  an  increase  in  ihc  output  of  carbon  dioxide. 

Kegnault  and  Reisct^*  made  three  observations  upon  the  respiratory 
exchange  of  green  lizards  at  different  external  temperatures,  and  obtained 
the  following  results  : — 

'  Further  data  will  be  fuuTirl  in  the  arliule  hy  Zunti?,  Hirmaiiu'w  "  Haiidbiich,"  Bd.  iv. 
Th.  2,  S.  129,  from  wliirh  nmuy  oi'  the  rigurt'>i  in  tli*'  alcove  tuMts  have  been  taken.  See 
also  tables  m  pajicr  bv  Hiebet,  Arch,  ih  physioL  norm,  cf  jm/h.^  Paris,  1891,  tome  xxiii. 
\K  74, 

«  Article  "  Aijiiiial  Heat,"  this  Text-book,  vul.  i,  p.  THl. 

=  Sec  p.  m. 

*  "On  Animal  Heat,"  LoiuJoii,  1789,  pp.  311,  3S7. 

^  .hum.  *hjthi^s.  fk  chifn.,  rfc,  Paris,  1813,  tu]ti<^  Ixxvii,  p,  5. 

^  ZtMhr.f.  /'//i/ffiV,,  1831.  Bd.  iv.  8.  1. 

"^  Jmt m.  f.  praki ,  Chnn.^  Le i pzi ff,  Bd .  x x x i i i .  8 .  1G2. 

«  Unternuch,  z.  XaiarL  d.  Mcnsch.  u,  d.  Thieve,  1S57.  lid.  ii,  S.  315. 

^  Ann.  de  chintz  et  phtjM.,  l*aria,  184&,  Ser.  3,  tome  xxvi. 
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I         Oxygen         .   Carbon  Dioxide 
Weight.  ,    per  Kilo,  and    j     per  Kilo,  and 

Hour.  '  Hour. 


Grms. 
!  8  lizards,  68*5 


42 
62 


Grms.  C.c  i  Orma.  C.c. 

0-0246  17-2  :  0-025  12-6 

0-0646  45-2  0-063  32-3 

0-1916  134-0  '  0-199  100-77 


COi 
o» 


Nitrogen 
discharged  Tempera- 

perKiTo.        ture. 
and  Hour,  i 


C.c. 
5-732 

1-905 

2-49 


7**-3 

14** -8 
23** -4 


Remarin. 


Hibernating. 

Half  awake. 

Awake  and  well ; 
fed  for  a  month. 


There  are,  however,  several  conditions  which  prevent  these  results 
from  being  considered  comparable ;  the  hibernating  ^  animal  has  a  verj- 
low  respiratory  exchange,  even  when  the  external  temperature  is  higher 
than  7°*3 ;  in  the  last  experiment  the  food  would  increase  the  respira- 
tory exchange;  the  observations  were  made  at  intervals  of  several 
months,  and  are  complicated  by  the  large  discharge  of  nitrogen,  which 
is  probably  to  be  attributed  to  an  error  of  experiment.^ 

Butschli  *  showed  that  the  respiratory  exchange  of  insects  varied  in 
the  same  direction  as  the  temperature  of  their  surroundings. 

The  most  complete  series  of  observations  appear  to  be  those  of 
Schulz*  upon  the  edible  frog  {Rana  c^ulenta).  The  following  table 
gives  his  chief  results,  obtained  upon  frogs  in  summer : — 


1 

Temperature 
of  the  Respiration 

Temperature 
of  Frog. 

C02-0utput 
per  Kilo,  and  Hour. 

COi-output 
per  Kilo,  and  Hour 

Chamber. 

C.c.  at  0*  and  760  Mm.  , 
4-31 

in  Onus. 

0^-0 

r-0 

0-0084 

0^-25 

r-0? 

6-097 

0-0119 

O^'-S 

l°-5 

7-50 

0-0147 

6-1 

6" -4 

34-17 

0-0672 

15-8 

15°-4 

35-30 

0-0694 

17-0 

15"'2 

41-83 

0-08-22 

25-5 

25° -0 

76-26 

0-1499 

25^-5 

25° -3 

86-75 

01706 

3-J'-0 

33' 0 

279-40 

0-5495 

33-2 

33°1 

314-53 

0-6179 

34-2 

33^-5 

340-48 

0-6696 

35-0 

34  VO 

325-05 

0-6392 

It  is  to  be  noted  that  in  Schulz's  experiments  the  frogs  were  kept  in 
the  warm  or  cold  surroundings  until  their  temperature  was  equal  to 
that  of  the  air,  so  that  tlie  results  are  strictly  upon  frogs  at  different 
tenij)eratiires.  The  response  of  a  frog,  as  shown  l»y  its  temperature  an<l 
respiratory  exchange,  to  a  change  of  external  temperature  is  very  slow, 
and  for  this  reason  observations  upon  the  metal jolism  of  cold-blood e<] 
animals  can  only  be  properly  compared  when  the  temperature  of  the 
animal  and  that  of  the  air  are  known.  The  above  results  show  that  at 
temperatures  a  degree  or  two  above  zero  the  output  of  carbon  dioxide 


^  Sec  "Animal  Heat,"  tliis  Text-book,  vol.  i. 

2  See  also  PfUiger,  Arch.  f.  d.  yes.  Physiol. ^  Hoiin,  1877,  Bd.  xiv.  S. 

^  Arch.  f.  AmiL,  FhysioLj  v..  wissensch.  Med.,  1874,  S.  348. 

^  Arch.'f.  d.  (jcs.  Physiol.,  Bonn,  1877,  Bd.  xiv.  S.  78. 
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Jfit 


IB  very  minute,  aiitl  rises  with  the  temperature,  until  at  34°  the  output 
is,  weight  for  weight  of  hodj,  equal  to  that  of  a  man. 

The  olisen^ations  of  Pembrey  ^  and  Vernon^  seem  to  show  that  the 
output  of  carlion  dioxide  in  frogs  (Eana  tempmna)  does  not  increase  in 
exact  proportion  with  the  temperature, 

Waxmblooded  animals,^ — Since  the  first  experinjenta  hj  Crawford,^ 
in  which  it  was  shown  that  a  gidnea-pig  produced  more  earlK^n  dioxide 
in  cold  than  in  warm  surroundings,  numerous  ol)servation8*  have  been 


1 

AnimaL         1 

tore  of 
Air. 

OxYgati  iibflorbed 

per  Kilo.  Rnd 

Hour, 

Caj-bon-I^loxirle 

disctuu-vHl 

per  KUo. 

»nd  Hour. 

Water 

di«ehaTi»d 

per  Kilo, 

uml  Hour. 

COfl 

O-j 

OOt 
HsO 

Oliserver.          ' 

Cx. 

C.c 

Guinea-pig 

/ 

1079-66             1065-92 
143S-31        ,      1262-67 

'■' 

'98 
-88 

•*' 

^  Colasanti,* 

f 

22"'% 

1050-00               867^9 

-83 

1* 

fl'-S 

15&2-33              1230-00 

•79 

-.» 

*i 

{ 

3  '64 
26  *21 

lS5ti'50 
lUa'50 

1554-80 
1057-40 

-83 
•94 

... 

j  Finkler." 

Grms. 

Qrtm. 

Grtna. 

{ 

3' 

9*030 

9 '505 

6-705 

-76 

1-4 

Mouse  ; 

f.* 

8-384 

8-641 

6-721 

-74 

1-2 

weigh  labont^ 

10"'5 

6'*i60 

7-443 

5-079 

-80 

1-4 

19  gnos. 

25" 

4-862 

5^00 

5-102 

-80 

10 

\ 

35' 

5-912 

4-977 

4-736 

•65 

1-0 

Pigeon 

1 

-r 

3-01t> 

Corin  and  Y&n 

17°*5 

1-141 

..♦ 

Beneden,* 

Onus. 

Gmu^ 

Grtna. 

,J 

-3**2 

21-39 

22  03 

14-12 

.,, 

... 

icarlTlieodor" 

Cat     , 

r  3 

17-73         '        18-92 

10-87 

... 

I 

18°'0 

12^30                13-93 

10-60 

2r'6 

13-91         1        13-12 

19-48 

For  |>eriotis  of  six  hours,  mt 

.  we  itching 

2f.57-26riO  grnm.     Tlic  I 

i^nires  ar^ 

tioi  reduced  to  kilo,  and  h 

our. 

'  *'Proc,  PLjsiol.  Sw.,"  Jounu  Physio!.^  Cambridge  and  LoJidon,  1894^  vol.  xvi, 

*  Jmirn,  Phijmol.,  CaiDbridgt' aiitl  Loudon,  1894-1895,  vol.  xvii.  [k  "111. 
»*'0n  Animal  Heat,"  London,  1788,  pp.  ail.  387. 

*  Dekroche,  Jmtm,  tie  pkifs.  de  chim.  etc.,  Puns^  1813,  tome  Ixxvii.  p.  5;  YieroTdt, 
'^PhjsioL  des  Athnietis,"  1845;  Wagner's  *' HEindwiirtcrbucli,"  1S44,  Bd.  ii.  S.  828; 
LeteUier,  Ann,  d^  chim.  ft  phm.,  Paiii!,  1845^  Si^r.  3.  tonu*  xiii,  p.  478  ;  Lebniann,  Ahhrnidh 
d,  k,  $ddi^.  GtsrUsch.  fL  iriss^u^h.^  Lt-ipzig,  1846,  S.  463;  Liebermeist^r,  DfuJ^hea  Jreh, 
/.  kiin.  Med.,  Leipzig,   1872,   lid.  x.  S.   89,  420  ;  Gilrienipistcr,   FircJww's  Atrhh\   lid.  lii, 

♦S.  130;  Sanders- Ezn,  Ber.  d,  k.  stick  a,  Gcs^iUsch.  d.  JFlfL^iH^rh,  Jfalh.-phif^.  CL,  Lcipxig, 
1667,  S.  58;  Rnhrig  and  Znntz,  Arch.  f.  d,  ffca.  FhtmoL,  Bonn,  1S71,  'B^I.  iv.  H.  57; 
Pflttgcr,  ibid.,  1876,  Bd.  xii.  S,  282;  Kegnanlt  and  Keisct,  Ann.  d.  Chem.  u.  rhann., 
1850,  Bd.  IxxiiL  8.  260  :  Bertliollet,  J/>m.  d*i  la  Soc.  d^: pktfs.  t'f  de  chim.  d'Arcurii,  Paris, 
tome  ii, ;  Senat«r»  Arch.  f.  Aiud.,  Phifsioi,,  u.  wissen^h.  Mrd.,  1872,  S.  1  ;  1874,  *S,  42, 
54;  Ctnlraihl.  f.  d,  med.  JFissfJi^sch,,  Berlin,  1871,  Koh.  47  and  48  ;  Krler,  Arch./.  AmtK, 
vh}f«u>£,,  II.  wi^itensch.  Mcd.^  1876,  S.  556  ;  litten,  Virdwtf*\'t  Ardnr,  1877,  Bd.  Ixx.  S.  10  ; 
Fredericq^  Arch,  dt  bioL^  Gaad^  1882,  tonit;  iii.  pp.  736,  743  ;  ^uinqnand,  Commit.  rcwL 
AciuL  d.   sf.,  Paris,  1887,  tome  civ.  p.  154'2. 

^  Arch,  f,  d.  gtM.  Pkifsiol.,  Bonn,  1877,  Bd.  xiv.  S.  92.  See  also  Pfliiger,  ibid.^ 
SL  469. 

^  Ibid.,  1877,  Bi!.  IV.  S.  603. 

'*  Arth.  Uai.  de  bid.,  Turin,  1891,  vol,  xv.  p.  223. 

^  Arch,  de  biol.,  Oaod,  1887,  tome  vii.  p.  265. 

*Ztxhr./.  Bid.,  Mundien,  1378,  Bd,  xiv.  S.  51. 
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made  upon  the  influence  of  external  temperature  upon  the  respiratory 
exchange  of  warm-blooded  animals.  The  general  result  of  this  work  is 
that  the  intake  of  oxygen  and  the  output  of  carbon  dioxide  increase 
with  a  fall  and  decrease  with  a  rise  of  external  temperature.  This  is 
shown  by  the  examples,  which  have  been  taken  from  the  results  obtained 
by  different  observers,  and  are  given  in  the  preceding  table. 

It  appears  that,  when  the  external  temperature  is  raised  to  a  point 
about  30^  the  respiratory  exchange  shows  an  increase  above  the  amount 
observed  at  a  temperature  of  20*.  Thus  Voit  ^  foimd  in  the  case  of  a 
man,  that  the  output  of  carbon  dioxide  was  increased  by  a  fall  of  9°  or 
10^  below  the  average  temperature  14**-15%  and  also  increased  by  a  rise 
of  15^  or  16°  above  that  point;  the  augmentation  in  the  discharge  of 
carbon  dioxide  was  respectively  36  per  cent,  and  10  per  cent,  above  that 
given  off  at  14''-15°.  A  similar  result  was  obtained  by  Page,*  who 
found  that  at  a  temperature  of  25**  the  discharge  of  carbon  dioxide  by  a 
dog  was  at  a  minimum ;  a  fall  or  rise  of  10°  below  that  point  produced  a 
mean  increase  of  31  per  cent,  and  51  per  cent,  respectively.*  Unfortun- 
ately Voit  gives  no  details  as  to  the  temperature  of  the  man  during 
the  experiments,  but  in  one  or  two  cases  Page  notes  that  the  temi)era- 
ture  of  the  dog  was  raised  above  the  normal  by  exposure  to  the 
warm  air. 

The  earliest  experiments  upon  the  influence  of  external  temperature 
on  the  respii'atory  exchange  of  man  were  made  by  Lavoisier  and  Seguin,* 
who  found  that  a  man  at  rest  absorbed  in  an  hour  34*49  grms.  of 
oxygen  when  the  air  was  32°*5,  but  38*31  grms.  when  the  temperature 
was  15°.  Since  that  time  many  observations^  have  been  made  upon 
man  and  the  effect  of  external  temperature  on  his  respiratory  exchange, 
and  of  these  the  most  important  are  those  made  by  Lowy.*  The 
general  result  drawn  from  his  experiments  is  that  the  effect  of  external 
cold  varies  in  diflbrent  men.  Out  of  fifty-five  experiments,  the  oxygen 
absorbed  was  increased  above  5  per  cent,  in  twenty-six  cases,  unaltered  in 
twenty,  and  diiiiinished  in  nine  cases.  In  these  experiments,  in  which  the 
metabolism  was  increased,  for  the  variations  in  the  output  of  carbon 
dioxide  followed  those  in  the  absorption  of  oxygen,  the  heights  to  which 
it  was  raised  varied  between  5  and  90*8  per  cent,  above  the  normal.  A 
point  worthy  oi  note  is  that  the  greatest  increase  in  the  respiratory 
exchange  was  observed  in  the  men  who  shivered  or  moved  when  they 
felt  cold,  and  that  the  respiratory  exchange  remained  unaltered  or 
decreased  in  tlie  men  who,  notwithstanding  tlie  sensation  of  cold, 
remained  (piiet,  and  by  an  effort  of  the  will  suppressed  any  tendency  to 
move  or  shiver.  Liiwy  concludes  that  the  only  involuntary  regulator 
of  temperatures  in  a  man  exposed  to  moderate  cold  is  the  skin.  It  must 
he  pointed  out,  however,  that  increased  muscular  activity  in  a  man  who 

^  Ztsrhr.f.  Biol.,  MUiiclicn,  1878,  IM.  xiv.  S.  80. 

'  Journ.  J'hi/siol.,  Cainbrid^^e  and  London,  1879-80,  vol.  ii.  p.  228. 

^  See  also  Kiil>ncr,  '*  Biolo^ische  (n\s(,'t/.«%"  Universitiits-progranini,  Marburg,  1SS7  ; 
abstract  in  f.'cntrolhl.  f.  PJnjsiol.y  L('ij)/ig  u.  Wit-n,  1887,  8.  700. 

^  "CKuvresdc  Lavoisier,"  tome  ii.  pp.  6SS,  704  ;  Hist.  Acad,  roy,  d.  sc.,  Paris,  17S9, 
p.  575.     Sec  also  Hrj,.  lirif.  Ass.  A<lr.  Sr.,  London,  1871,  p.  l^?. 

M'ierordt,  "Physiol,  des  Atliniens,"  1845;  E.  Smith,  Phi/.  Trans.,  Londou,  1S5P. 
vol.  cxlix.,  p.  <)S1  ;  Speck,  Sclirlft.  d.  Gcsdhch.  z.  BrfOrd.  d.  ges.  Xaturw.  zu  Marburr. 
1871,  Hd.  X.  ;  Liebermeister,  Drutsches  Arch.  f.  klin.  Med.,  L«upzig,  1872,  Bd.  x.  S.  8l', 
420;  Lchmann,  Vin'how's  Arrhiv,  1873,  lid.  Iviii.  S.  92.  Johans.sou,  Shandin,  Arch.  /. 
rhysio/.,  Leipzig',  1S97.  Hd.  vii.  S.   123. 

'«  Arch.  f.  d.  rjrs.  rhysioL,  lionn,  1890,  Bd.  xlvi.  S.  189. 
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feels  cold,  is  nr»t  necessarily  brought  about  by  a  cuiiseious  eflbrt  of  the 
w\R ;  it  is  to  a  great  extent  reflex,  and  shows  itself  in  the  more  energetic 
performance  of  work,  or,  if  no  work  be  done,  the  reflex  may  become  so 
imperative  as  to  give  rise  to  involuntary  movement,  shivering,  which  is 
only  of  vahio  to  the  organism  as  a  source  of  greatly  increased  heat 
production.  There  Ls  little  doubt  luit  tliat  a  normal  man,  who  feels  cold 
and  is  free  to  follow  the  dictates  of  his  sensations^  will  be  more  active, 
and  will  produce  more  carlion  dioxide  and  absorl)  more  oxygen  than  he 
would  in  warm  surroundings.  The  man  who  suppresses  increased 
muscular  action  when  he  feels  cold,  is  abnormaL  It  follows,  therefore, 
that  man  is  no  exception  to  the  general  rule  that  warm-blooded  animals 
in  c^old  surroundings  increase,  in  w^anii  surroundings  diminish,  their 
respiratnry  exchange  and  production  of  heat. 

It  has  already  been  shown  that  a  rise  or  fall  in  external  temperature 
determines  in  the  same  direction  a  variation  of  tlie  respiratory  exchange 
of  cold-blooded  animals.  What,  then,  is  the  cause  of  the  totally  opposite 
i*esult  observed  m  warm-blootk^d  animals  (  To  this  question  only  an 
incomplete  answer  can  be  given.  The  ditrerence  is  due  to  the  nervous  and 
muscular  mechanisms  which  maintahi  the  fairly  constant  temperature 
observetl  in  the  warm-bbjoded  animals.  For  if,  as  Sanders-Eisn  ^  and 
Pfliiger-  have  shown,  the  exposure  to  cold  be  excessive,  and  the  animara 
temi>erature  falls  to  26",  then  also  there  is  a  fall  in  the  intake  of  oxygen 
and  the  output  of  carbon  dioxide  ;  on  the  otlier  hand,  if  by  means  of 
warm  baths  the  iut^rnal  teuiperature  of  the  animal  is  raised  above  the 
normal,  then  there  m  an  increase  above  the  average  respiratory  exchange. 
In  fact,  a  warm-bloode<l  animal  responds  tn  a  rise  or  fall  in  the  tcm|>era- 
ture  of  its  surroundings  witli  a  decrease  or  increase  of  its  mctab(plisiu, 
only  as  long  as  its  internal  temperature  remains  near  the  normal  jtoinU 
Moreover,  Pfliiger  has  proved  the  connection  between  the  normal 
response  to  a  change  of  external  temperature  and  the  nervo-museular 
system,  for  he  shows  that  a  manuoal  jiaralysed  with  curari^  or  with  its 
spinal  cord  cut  in  the  lower  cervical  region,  absorbs  more  oxygen  and 
discharges  more  carbon  dioxide  in  warm  than  In  cold  surnauulings ;  it 
resembles  in  this  respect  a  cold-l>loode(l  aiiiuial  A  sinnlaT'  cold-bliMMled 
condition  can  be  produced  in  manuiials,  as  Kumpf,*  Eichct/'  and 
Pembrey*  have  observed,  hj  exposing  the  auicsthetised  auinml  to 
changes  of  temperature. 

The  objectinn  lluit  these  experhnents  are  associated  with  markedly 
abnormal  conditions,  and  tlicreforc  cann<»t  indicate  the  true  conditi^m  of 
normal  animals,  is  met  by  the  fact  that  it  is  possible  to  trace  the 
gmdual  development  of  the  means  whereby  an  animal  increases  or 
decreases  its  metal lolism  and  maintains  a  fairly  consUmt  heat  of  its 
bixly,  notwithstanding  wide  variutions  in  the  temperature  of  its 
sun^oundings.  This  has  l>een  sliown  liy  reniluey^  in  a  series  of 
comparative  experiments  upon  full-grown  and  newly-born  aiumals.  In 
the  fuU'grown  mouse  the  response  to  a  cliange  of  external  temperature 

^  BfT.  iL  k,  mchK    O^m/Ml.  (L   U'hs'n<kh.  Ma/fi^-phiff.  k'L,  Leipzig,  1867,  S.  ;»S. 

'^  Arch./,  d.  tfes.  PittmuL,  Boini,  1^78,  \h\.  xviii.  s/247, 

^  Sec  also  Ziijiitz,  Arch.  f\  d,  r^s.  Pfnjmi/,    Boiiti,  187'J,  Bil.  xii.  S.  522. 

*  Hid.,  1S84,  BJ.  xxxiii.  S.  .038. 

*  VQmpt.  rfiuL  AmtL  d.  *r.,  Pariy,  18S9,  tnme  dx.  p.  190, 

'  **Proc.   Physiol.   Sot-./'  Jotim,   PhtmoL,  Caitiliridge  and  London,  1894-95,  vol  xvii. 
'  Jonm.    FktfstitL,  QM\\\m\\^i  aiirl  Loiulon,   1S£»4,   voL   xv.   \k   401;  1895,  voL   xviii. 
p.  363. 
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jwn  by  the  fact  that  a  fall  in  external  te-mpera- 
1  in  the  output  of  carbon  dioxide,  and  in  the 
'oung  niouse,  until  it  is  abaitt  nine  days  old»  when 
,  in  a  siniilar  way  to  that  observed  in  a  full-grown 


>ment  can  be  observed  in  other  young  animals  bom 
dition,  and  in  the  chick  ^  before  and  after  it  is 
hatched,  but  a  niarjvod  contrast  is  foimtl  in  young  animals  born  with  a 
well-developed  and  active  body.^ 

The  influence  of  muscular  activity  upon  tlie  respiratory  ex- 
change.—Muscular  activity  greatly  increases  the  rate  of  breathing,  the 
intake  of  oxygen,  and  the  output  of  carbon  dioxide.  It  was  but  natural, 
therefore,  that  i>hysiologists  should  attribute  the  hyperpurea  c-ause<l  by 
excessive  muscular  exertion  to  a  deficiency  of  oxv^^en,  or  to  an  aceumnia- 
tion  of  carbon  dioxide  in  the  blood,  consequent  up(}n  the  greiitly  increased 
metabolism.  This  theory,  however,  ha^  been  proved  by  experiment  to 
be  erroneous,  Mathien  and  Urbain^  determined  tlie  gases  present  hi 
samples  of  blood  removed  from  an  animal  after  a  periotl  of  rest,  am! 
again  after  a  period  of  activity,  and  they  found  m  a  general  result  an 
increase  iu  the  oxygen,  and  a  decrease  in  the  carbon  dioxide  of  the 
blood  in  tlie  latter  condition.  Tlieir  analyses,  howew^r,  were  f^nbject  to 
certain  sources  of  error.  The  question  ha^  been  more  thr^roughly 
investigated  by  (leppert  and  Zuntz/  who  found  that  muscular  activity 
is  indeed  accomijanied  by  an  increase  in  the  oxygen  and  a  deereaae  in 
the  carbon  dioxide  of  the  blood,  and  that  the  hyperpu(ea  is  probably  due  to 
some  product  of  musenlar  activity  which  is  absorbed  by  the  blood  and 
carried  to  the  medulla  oblongata,  where  it  stimulatef?  the  respiratory 
centre.  The  chief  evidence  for  theae  statements  will  now  be  given. 
After  section  oi  the  spinal  cord  of  a  dog  in  the  dorsal  region,  tetanisation 
of  the  hiii<i  limbs  causes  an  increase  in  the  air  inspired,  in  the  intake  of 
oxygen,  and  in  the  output  of  carbon  dioxide.** 
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863  „ 

21-6  „ 

16-2  „ 

•75 
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1326  „ 

29-5  „ 

19-3  „ 

•66 

Tetonus. 

^  Peinbrey,  Gordon,  and  Warren,  Joum,  Physiol. ^  Cambridge  and  London,  1894-95, 
vol.  xvii.  p.  331. 

^  See  also  *' Animal  Heat,"  this  Text-book,  vol.  i.  p.  808. 

'  Arch,  dephysiol.  norm,  et  path.^  Paris,  1871-72,  tome  iv. ;  Compt.  rend,  AcatL  d,  sc., 
Paris,  1872,  tome  Ixxiv.  p.  190. 

*  Arch./,  d.  ges.  PhyswL,  Bonn,  1888,  Bd.  xlii.  S.  189. 

^  See  also  Haniiot  and  Richet,  Coinpi.  rend.  Acad,  d.  sc.y  Paris,  1888,  p.  75. 
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Analyses  of  the  gases  of  blood  taken  from  an  animal  after  voluntary 
or  involuntary  musciilar  exertion  show  an  increase  in  the  oxygen  and  a 
decrease  in  the  carbon  dioxide, 

Ga8&&  of  the  Arterial  BJofnl, 


OxroKN 

Carbon  1>iox[dk 
VaLt  ansn  I'Mt  Ckst. 
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1758 

15-88 

17 -68 
More  than  16-04 

38-57 
36*49 
53-71 

35  01         1 
39*06 

Dog. 
Rjibbit. 

Further,  if  the  aorta  be  compressed  in  order  to  shut  out  the  blood 
from  the  stimulated  lunbs,  no  hypcrpnoea  is  caused  by  the  muBcular 
activity :  section  of  the  vagi,  sympathetic  and  recurrent  ner\^e8,  or 
section  of  the  cord  high  up,  does  not  prevent  the  stimulating  eHect  of 
muscular  exertion  upon  the  respiratory  centre.  In  ral>bits  the  alkalinity 
of  the  blood  is  diininished  by  the  acid  formed  during  tetanic  muBcular 
activity,  and  this  is  probably  a  cause  of  the  deerea.se  in  the  t  arhon 
dioxide  of  the  blocMl  No  alteration  could  be  found  in  the  tension  of  the 
oxygen  and  carbon  dioxide  present  in  the  blood  rennived  from  an 
animal  after  muscular  exertion.^ 

Lehmann-  has  shown  that  the  nijection  of  nrjrm:il  suhition  of 
tartaric  acid  stimulates  and  qiiiekens  the  respiratinn  <»f  a  rabbit,  whereas 
a  normal  solution  of  sodium  hydrate  depreRnes  the  rcs]nratory  centre. 
According  to  Lbwy's^  experiments,  the  iniknowu  substance  whitdi 
fitunulates  the  resjnratory  centre  daring  muscular  activity  is  not 
excreted  by  the  ki(hieys,  and  is  not  c^arbon  ili oxide  ;  for  whereas  the  rate 
of  respiration  is  doubled  by  nuiseular  work  wlien  the  increase  aliove  the 
normal  amount  of  carbon  dioxide  in  the  expired  air  is  otdy  05  per  cent., 
yet  the  same  amount  of  dyspncea  can  be  piuduced  during  rent  only  by 
artificially  raising  the  peixsentage  of  carbon  dioxide  to  a  nmch  higher 
point,  about  5  per  cent. 

The  credit  of  the  discovery  that  work  is  associated  with  an  increase 
in  the  respiratory  exchange,  is  ilue  to  Lavoisier,*  who,  in  a  series  of 
experiments  with  Seguin,  found  that  a  man  at  work  absorbed  01-2 
gnuB,  of  oxygen  in  an  hour,  wliereas  at  rest  he  noly  absorbed  ^8^*3 
grms.  Although  Yierordt^  and  Scharling '^  Itoth  observed  a  similar 
increase  in  the  output  of  carljon  dioxide  in  men  at  work,  the  first 
series  of  careful  experiments  on  the  subject  were  those  performed  by 

1  For  criticism  see  Speck,  Ikntsdtts  Arth.f.  klin.  Med,^  T^'ifiwg,  1891^  Bd,  xlvis.  S,  604* ; 
For  reply  by  Ziintz  a  ad  GppyK-itj  ihid.^  1891,  Bd.  xlviii.  S,  44J. 

^Arrh,/.  tf.  ir,%  Fhm^.,  Bonn,  1888,  Bil.  xlii.  S.  2U. 

^  Ibid.,  S.  281  ;    1890,  lid.  xlviL  S.  601. 

*  Hisf.  Acad,  rmf^  rf.  w.,  Parisi,  1789,  p.  185  ;  "  (Eiivres  (]e  Lavoiaier,*'  tom«  ii.  pp.  688- 
696, 

»'*  Physiol,  des  Athuiens,"  Karlsruhe,  184r>;  Areh,  f.  plnfjfwl.  HHlk.^  Stuttgart, 
M  ill  S,^636  ;  Wagoefs  **  Haudworterlnieh  d.  Physiol.,"  1844,  Bd.  ii.  S.  828. 

^  Ann,  d.Chem.  v.  Ph/irm.,  18-13,  13d.  xlv.  8.  214  ;  Juvni,  /.  pmit.  Vhrm.,  Leipriff, 
Bd.  ilTiii  S.  435, 
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E.  Smith.^  He  found  that  a  man  produced  161-6  c.c.  of  carbon  dioxide  per 
minute  when  he  was  perfectly  at  rest,  as  in  a  deep  sleep ;  that  during  a 
walk  at  the  rate  of  two  miles  (3048  metres)  an  hour,  the  discharge  of 
carbon  dioxide  was  increased  to  569*5  cc,  and  to  851*2  c.c  when  the 
rate  of  walking  was  quickened  to  three  miles  (4571*9  metres)  an  hour. 
The  greatest  increase,  1581*9  c.c.  of  carbon  dioxide  per  minute,  was 
caused  by  work  upon  a  treadmill. 

In  1866,  Pettenkofer  and  Voit^  performed  a  series  of  important 
observations  upon  the  metabolism  of  healthy  men,  under  different  con- 
ditions as  regards  work  and  diet,  and  they  found  that  if  unity  represent 
the  value  of  the  output  of  carbon  dioxide  and  the  intake  of  oxygen 
when  the  man  is  at  rest,  then  work  brings  about  the  following 
results : — 


During  Hunger. 

Moderate  Diet. 

Carbon  dioxide 

2-3 

1-6 

Oxygen     . 

.         .         2-1 

1-8 

The  numerous  experiments  made  by  Speck,*  under  different  con- 
ditions as  regards  the  amount  and  nature  of  the  work  performed,  show 
that  tlie  air  inspired,  the  oxygen  absorbed,  and  the  carbon  dioxide 
discharged,  are  greatly  increased;  the  percentage  comi)08ition  of  the 
expired  air  is  but  little  altered,  and  the  respiratory  quotient  increases 
slightly  during  the  work.  Hanriot  and  Riehet^  find  for  each  kilo- 
gramnietre  of  work  performed  by  a  man,  an  increase  of  3*168  c.c.  in  the 
oxygen  absorbed,  and  4*221  c.c.  in  tlie  carlx)n  dioxide  discharged. 

In  exi>erinients  upon  horses,  Zuntz  and  Lehmann^  obtained  the 
folio win<^  results  : — 
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It  is  iiiiiMJSsible  here  to  discuss  fully  the  quantitative  relationship 
l)etween  nielal)olism  and  work,  but  the  conclusions  reached  by  Katzen- 
stein  ^  are  as  follows: — The  work  performed  by  the  arms  in  turning  a 
wheel  i)rn(liices,  ])er  unit  of  work  done,  a  greater  increase  in  the  respiratory 
exehani^e  tliaii  walking  or  climbing;  the  absorption  of  oxygen  is  per  unit 
of  work  ]>erl'ornied  soniewliat  greater  for  liglit,  than  for  heavy  work  : 
the  abs(.r])tioii  (»f  oxygen  and  the  discharge  of  carbon  dioxide  increase 

'  /'////.   r.wws-..  Lull. Ion,  1859,  vol.  cxlix.  pt.  -J,  \k  (581. 

'-  /tsrhr.  J.  J:inl.,  Muiuh«-n,  1S»)6,  Hd.  ii.  S.  4.50.  S.m- also  tlii.s  article,  p.  718,  an-1 
article  l.y  \'oit  in  Hcrinanir.s  "  Haiidlmch."  Hd.  vi.  Th.  1,  S.  -201. 

•=  DfiatsrJns  ArrI,.  t\  klin.  MrH.,  Leii)ziK,  1^89,  lid.  xlv.  S.  461. 

■*  ('oiiiiit.  rciuL  Aiiiil.  d.  .s''.,  Paris,  1887,  tome  civ.  p.  1865  ;  tomf»  c;v.  p.  76. 

^  Lan<l.,r,  J,,I,rh.,  1889,  Bd.  xviii.  8.  1  ;  Journ.  P/n/siol.,  Cambridge  and  Loiidou,  1S90, 
vol.  xi.  p.  396. 

"^  Arrh.f.  d.  ij($.  Physiol.,  Bonn,  1891,  Bd.  xlix.  S.  380. 
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equally  under  ordinary  conditions,  so  that  the  respiratory  f|UotieDt 
remains  practi€4dly  unaltered.  It  is  only  immediately  after  work  that 
the  respiratiay  quotient  increases,  and  beoomes  sometiuie«  gmater  than 
unity.  The  absorption  of  f>xygen  needed  for  the  wf^rk  of  walking  on 
level  ground  is,  per  kilo,  body  weight  ant  I  minute,  U10H2  c,c, 
maximum,  and  0-0858  c.c,  minimum ;  for  eaeh  kilogranmietre  of  work 
performed  in  climbing,  l*503ti  ac.  maximmii,  and  11871  nnnimnm;  and 
similarly,  for  turning  the  wheel,  1"957  c.c. 

Lowy  *  shows  that  there  is  no  definite  yaliie  whieli  can  l>e  assigned  to 
the  increase  of  tlie  respiratory  exchange  for  the  pcrforniance  of  a  given 
quantity  of  work  under  all  circumstances,  for  the  nLctabnli.sm  depends 
upon  the  activity  of  the  nniBcle,  which  varies  under  ditterent  cmiditions. 
Acti%'e  muscle  working  under  favourable  coiiditiona  jierforms  its  work 
economically ;  fa  t i g ue  d  m  u  sc  1  e  wo  r k  i  n  g  n  1 1  de r  iiii  fa  v  o  u  ra  1 » le  con  di  ti  o n  s 
is  the  seat  of  an  extravagant  metabolism.^ 

The  decrease  observed  in  tlic  respiratory  excliange  of  arunials  lunler 
the  induence  of  chloroform,  ether,  chloral,  and  curari,  is  t«i  l»e  attrilKited 
ehietly  to  the  great  decrease  in  the  activity  i^f  the  muscles.^ 

Tlie  influence  of  food  upon  the  respiratory  exchange, — The  effect 
of  a  mea!  upon  the  respiratory  exclmnge  is  tr*  cause  a  marked  increase 
in  the  intake  of  oxygen  aiid  the  out] ait  of  carbon  dioxide  :  tins  is  due 
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Feiikib,    not  full   gro^vu  j    diet  of 

meat. 
I'emale,  diet  of  fat. 

1  Arth.  /  d,  gt^.  liu^siuL,  lionii,  18&],  ^^A.  xii.K.  S.  105.  See  also,  Cniber,  ZMtr^f, 
Biol,,  Manchen,  1891,  Bd.  xxviii.  8.  466. 

'  For  further  exiierinieiits  ujinn  the  intluetice  nf  work  uimju  the  respiratory  exchange  of 
(a)  man,  see  Han  riot  ami  Riehet,  Ami,  d.  efn'm,  H  phijst,,  Piiris,  1891,  .S»'r.  6,  tome 
xiiL  p.  495  ;  and  Ttav.  tin  lab.  tU  Ck.  JNchct,  1894,  tome  1  :  {h)  aniiimls,  Unindis,  Arrh, 
Ual.  cU:  biol.,  Turin,  1889,  tome  xii.  p.  237  ;  Smith,  Jouni.  PhifSwL^  Cambridge  anil 
Loudon,  1890,  voL  xi.  p»  65,  CriticjKm  of  the  sann-  by  Zuutr  and  Lehnmnii,  ibitL,  p.  396  ; 
ffnUiant,  VmnpL  ren<L  .S'tK*.  d^hioL,  Paris,  1891,  p.  14. 

'Znnti^,  ArcA.  f,  d.  gt^s.  Plujsioh,  Bonn,  1876,  Bd.  xii.  S.  522  ;  Ptlliger,  ihid.,  1878, 
Bd.  XFiiL  S.  247;  Rumpf,  ibid,,  18S4,  BtL  xxxiii.  S.  r.38  ;  Saint  Martin,  Compi.  rend, 
AetMi,  d.  ic.f  Paris,  1887,  tome  rv.  p.  1126  ;  Richet,  ibid,,  1889,  tome  eix.  p,  r.*0  ;  Arch, 
dr  physiol.  norm,  ct  pafh.,  Paries,  1890,  tonie  ii.  p.  ^21  ;  Peuibre}^  "  Pruc.  Pbysinl.  Soc./' 
jQurfi,  Fhysioi.f  Cambridge  aud  London,  181^4-95,  vol.  xvii. 
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not  only  to  the  chemical  changes  which  take  place  in  the  food  daring 
digestion  and  absorption,  but  also  to  the  increased  glandular  and 
muscular  activity  of  the  alimentary  canaL^ 

Although  Lavoisier  *  knew  that  food  greatly  increased  the  respiratory 
exchange,  the  first  experiments  of  importance  in  this  connection  are  those 
of  Bidder  and  Schmidt,^  who  made  numerous  observations  upon  cats ; 
the  results  of  some  of  their  experiments  are  given  in  the  preceding  table. 

In  the  case  of  man  and  other  animals,  the  influence  of  food  of 
various  kinds,  and  of  fasting,  has  been  studied  by  Pettenkofer  and 
Voit,*  Senator,^  Henneberg,®  Leyden  and  Frankel,^  Fredericq,®  and 
others ;  ®  the  general  result  is  that  a  meal  causes  an  increcise  in  the 
intake  of  oxygen  and  the  output  of  carbon  dioxide,  whereas  a  day  of 
fasting  causes  a  decrease.  The  average  results  obtained  upon  man  by 
Pettenkofer  and  Voit  ^®  are  as  follows  : — 


Carbon  Dioxisb. 

OXTOBK.ll 

Day. 

Night 

Day.           1         Night 

1.  Fasting— Rest 

,,         Work  for  nine 
hours  out  of  twelve 

2.  Moderate  Diet— Rest 

,.  Work  for 
nine  hours  out  of  twelve 

Gmw. 
403 

930 

533 

856 

Gnus. 
314 

257 

395 
353 

Gnn«.                  Qrmt. 
435                   326 

i 

922                   150 

443         I          449 
795                   211 

Upon  the  fasting-man  Cetti,  determinations  of  the  respiratory 
exchange  were  made  by  Zuntz  and  Lehmann,^^  and  they  found  that  the 
absorption  of  oxygen  and  the  discharge  of  carbon  dioxide  per  kilo. 
of  the  man's  weight  quickly  reached  its  minimum,  and  did  not  fall 
below  this  point  during  the  progress  of  the  fast ;  in  fact  there  was  a 
slight  increiise.  Thus  the  absorption  of  oxygen  per  kilo,  and  minute 
was  465  C'.c.  on  the  third  to  sixth  day,  and  4'73  c.c.  on  the  ninth  to 
eleventli  day  of  the   fast.     Before    the  first   meal  at  the  end    of    the 


1  Sec  p.  719. 

'-'  "(Euvres,"  tome  ii.  pp.  695-696. 

•'  "  Die  Venlauungssafte  uiid  der  Stoffwechscl,"  Leipzig,  1852,  S.  321-362. 

^  Ann,  d.  Chrni.  v.  Fhann.,  1862-63,  Supp.  Bd.  ii.  S.  52-361. 

^  Arrft.  f.  Aiiat.,  Physiai.^  u.  wissensch.  Med.y  1872,  S.  1. 

^  Lawbrirthf^rh.  Versuchsstat.,  1869,  S.  306,  409. 

'  Virchoics  Arrhiv,  1879,  Bd.  Ixxvi.  S.  136. 

«  Arch,  dr  bio/.,  (Jand,  1882,  tome  iii.  p.  733. 

'•*  E.    Smith,   Jiiil.    Trans.,    London,    1859,  vol.  cxlix.    p.    715;    Hanriot  and   Riehet, 
Compt.  rend.  Acad.  d.  s<'.,  Paris,  1888,  tome  cvi.  p.  419  :  Zuntz,  Fortschr.  d.  Med.^  Berlin, 
1887,  B<1.  V.   S.  1;  Meissel,  Stiohmer,  and  Lorenz,  Ztschr.  f.  Biol,  Munchen,   1886,  B<1. 
xxii.  S.  iV-'i  ;  P.<i  (k  and  Bauer,  ibid.,  1871,  Bd.   x.  S.  336  ;  Geppert,  Arch./,  exper.  Path, 
u.   PharmakoL,  Leipzig,   1887,   Bd.   xxii.   S.  366;  Hanriot  and  Riehet,  Ann.de  chim.  ct 
phf/s.,    Paris,    1891,   S«'r.   6,   tome  xxii.   ]).   495  ;    Marcet,  Proc.   Roy.  Soc.   London^    1892, 
vol.   1.   p.   f'S  ;  1^93,   vol.   Hi.   p.   213  ;    Rubner,  Beifr.   z.   Physiol.  Carl  Licdwig  z.  5.   70 
Gcburtst..  Leipzig,  1887,  S.  259  ;  Johansson,  Landergren,  Sonden,  and  Tigerstedt,  Skandin. 
Arch.  f.  PhynuL,  Leipzig,  1896,  Bd.  vii.  S.  29. 
^"^  Ztschr.\f.  BioL,  Munchen,  1866,  Bd.  ii.  S.  459. 
"  For  eriticisni  of  the  determination  of  oxygen,  sec  p.  696. 
^'  Berl.  klin.   JFchnsrhr.,  1887,  S.  428. 


COj 

0, 

= 

0-73 

ir 

If 

it 
n 

tt 

068 
0*65 

0'66-0'68 
0-73-0'Sl 

A  CTIVITY  OF  THE  ALIMENTAR  Y  CANAL.  7 1 9 

fast  the  alisorption  i»f  oxygen  and  the  discharge  of  earlwn  dioxide  were 
4*67  C.C,  and  3*16  ex.  per  kilo,  and  minute ;  after  this  meal  the 
figures  were  respectively  505  ex.  and  346  c.c.  The  effects  of  the  fast 
and  of  food  upon  the  respiratory  quotient  were  as  follows  : — - 

On  last  day  of  food,  niixeil  diet 

On  second  day  of  fasting  . 
Oil  third  day  of  fasting     . 
During  the  reiijai  rider  of  tlie  fast 
"When  foodj  tiiixed  diet,  wa«  again  taken 

Eegardmg  the  intlnence  of  diet  ufwn  the  respiratory  quotient,  it  is 
only  necessary  here  to  state  that  an  animal  fed  on  a  vegetable  diet  has  a 
quotient  closely  approaching  unit),  for  its  chief  food,  tlie  carbohydrates, 
c^uitains  enough  oxygen  tu  ctunhine  with  the  hydrogen  to  form  water  j 
tliat  a  carni%*orous  animal  has  a  quotient  alx>iit  074,  and  an  omnivurous 
animal,  such  as  man,  a  some  what  liigher  quotient  ^ ;  and  tinally,  that 
even  a  lierbivorous  animal  has  a  h»w  (piuticnt  during  atar\'ation,  for  it 
then  UveB  ujMm  its  own  tissues. 

The  influence  of  actiinty  of  the  alimentary  canal  upon  the 
respiratory  exchange,  —  Tt  has  already  been  sliown  that  a  meal 
increases  the  respiratory  exchange,  and  tlds  eHect  was  originally  attri- 
buted solely  to  the  oxidation  of  the  U^m\  material  taken  up  Ity  the 
blood,  8|>eck,-  however,  in  1H74,  |)oiiitcd  out  that  tliis  increase  in 
metabolism  followed  the  taking  of  fi>o<l  iso  ra|iidly  that  it  apiieared  to  be 
due,  in  the  first  place,  to  the  augmented  activity  of  the  alimentary  amah 
The  first  experiments  to  sup|*nrt  tliis  view  wen.^  tliose  made  Uy  Mering 
and  Zuntz;*  wbo  showed  that  fouil  placed  in  llic  wtoinach  iiiereaseil  the 
absorption  i>f  oxygen  and  the  diwcliarge  *>f  carl*<>n  dioxiile,  whereaw  sub- 
stances such  as  lactic  acid,  Ijutyrie  acid,  glycerin,  sugar,  e^L^g  albumin,  and 
I>eptone,  injected  int<»  the  blrHid,  increased  tlie  output  of  carbon  dioxide,  but 
had  no  niarkcrl  eftect  upon  the  intake  of  uxygeii.  lUibner  *  and  Fredericq^ 
also  found  increased  metabolism  after  food,  due  ayjpareutly,  in  the  first 
place,  to  the  ar^tivity  of  tlie  glands  of  tfie  alimentary  C4inal ; '^  uik!  the 
observations  made  by  Lehmaiin  and  Zuntz'  upon  the  fasting-man 
Cetti  showed  that  during  ibc  fast  the  respiratory  excliatige  was 
cirastant,  except  011  two  days  when  Cetti  sutlered  from  colic;  there 
was  then  an  increase  in  the  intake  of  oxygen  and  tlie  output  of  carbon 
dioxide.  These  pieces  of  evidence  have  been  followed  up  by  Liiwy,* 
who  determined  the  respiratory  excfiange  of  fasting;  men  before  and 
after  the  activity  of  the  uhinentary  canal  ba<l  been  increased  by  a  dose 
of  sodium  sulpliate,  or  a  drauglit  of  cold  water.  Exiieriments  made 
upon  six  meu  showed  that  tbc  increased  Jictivity  of  tlie  alimentary  canal 
brought  about  in  this  way  increased  the  intake  of  oxygen  and  the 
output  of  carbon  dioxide  by  about  10  per  cent.;  the  greatest  increase 

»  Sec  Ubleu  od  pp.  70»j-708. 

^Aftk^f.  fjr)^r.  Path,  it.  limrm,,  Linp/t^,  1874,  Bd.  ii. 

*At^,/.  d,  tfcs.  Phifm^jL,  Bojjii,  1S77,  HiJ.  xv.  S.  634  :  rSi*3,  Bd.  xxxii,  S.  173. 
*ZtMehr./.  Biof..  Mutalien,  18^3,  B(k  sis.  H.  ^30. 
^  Arch,  tie  bioL,  (Jarsd,  isSi,  tome  iv.  p.  Wi. 

•See  also  Slosse,   Jrch.  /.   Ffu/siof.,  Leipzig,  1890,  SuppL  Hd.  S.  164  ;  Tangi,  ibki,^ 
1894,  a  233. 

^  BerL  kfin.  Wclw^fAr.,  1887,  S.  428. 

■  Arch,  t\  d.  i/*ui.  PkijmoL,  Riinn,  1888,  Bd,  xliii.  S,  i5l5. 
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was  about  24  per  cent,  in  the  carbon  dioxide,  and  17  per  cent  in  the 
oxygen.  Sodium  chloride  and  sodium  bicarbonate  had  no  effect  on  the 
intestines  or  upon  the  respiratory  exchange.  Lowy  suggests  that  the 
therapeutic  value  of  the  waters  at  Carlsbad  and  Marienbad,  in  cases  of 
disordered  metabolism,  may  be  partly  due  to  this  stimulating  effect  of 
sodium  sulphate. 

The  influence  of  the  size  of  the  animal  upon  the  reepiratory 
exchange.^ — The  smaller  an  animal  the  greater  is  its  surface  in  relation 
to  its  mass,  for  the  surface  increases  as  the  square,  the  mass  as  the  cube. 
Now,  small  mammals  and  birds  have  a  temperature  equal  to  or  even 
higher  than  that  of  large  animals  of  the  same  classes ;  and,  on  account  of 
the  relatively  greater  surface  which  they  expose  for  the  loss  of  heat, 
they  must  have  a  relatively  far  greater  production  of  heat  than  the 
large  animals,  for  there  is  generally  no  marked  difference  in  the  pro- 
tective coat  of  fm-  or  feathers.  Heat  is  produced  by  a  process  of 
combustion  in  the  tissues,  and  the  respiratory  exchange  is  a  measure, 
although  it  may  not  be  an  absolutely  exact  one,  of  this  combustion. 
Theoretically,  therefore,  a  much  more  vigorous  respiratory  excliange 
should  exist  in  the  smaller  warm-blooded  animals.  The  experiments  of 
many  observers,  especially  of  Letellier,^  Regnault  and  Keiset,*  Pott,*  and 
Richet,^  have  shown  that  such  is  the  case,  not  only  for  animals  of  the 
same  species,  living  upon  similar  diet  and  having  similar  habits,  but 
also  for  animals  of  difierent  species,  with  very  different  diets  and 
habits.^ 

Paul  Bert  ^  has  shown  that  this  difference  in  the  rate  of  metabolism 
in  small  and  large  animals  has  become  habitual,  for  it  persists  even 
wlien  the  animals  are  put  under  abnormal  conditions  of  such  a  kind 
that  the  loss  of  heat  is  relatively  the  same ;  in  such  an  experiment  a 
pigeon  absorbed  234  c.c.  of  oxygen  per  100  grms.  of  its  body  weight,  and 
a  sparrow  467  c.c.  of  oxygen. 

A  series  of  experiments  have  been  made  by  Richet**  u|X)n  thirty -eight 
<logs  of  (litVerent  sizes,  their  weights  ranging  from  2*2  to  28  kilos.,  and 
the  results  show  that  the  output  of  carbon  dioxide  bears  a  very  constant 
relation  to  tlie  surface  of  the  body,  0*0027  grms.  per  hour  for  each 
square  ceutinietre  of  surface.  A  similar  relation  holds  good  for  the 
intake  of  oxygen,  tlie  resj)iratory  ({uotient  being  0"748.  This  difference 
in  metal )olisni  is  controlled  by  the  nervous  system,  for  it  was  found, 
in  eighteen  dogs  of  difierent  sizes,  anaiathetised  with  chloral,  that  the  re- 
sj)iratory  excliange  was  i)roportional  to  the  weight  of  the  body,  0*640  to 
0694  grms.  CO.,  per  kilo,  and  hour.  A  somewhat  similar  series  of 
observations,  made  upon  birds  ^  of  difierent  sizes  and  species,  gave 
.similar  results. 

^  For  a  (liscn.ssion  of  tliis  .subject,  st^e  paj)er  by  Iloesslin,  Arch./.  Physiol. y  Leiivirj, 
1888,  S.  323.  wliere  iiiiinerous  references  are  given  ;  Kubner,  Ztschr.  f.  Biol.,  MUncaen. 
18S3,  Bd.  xix.  S.  53.'). 

-  Ann.  (Jc  rJiiin.  rt  phys.,  Pari.s,  1845,  Scr.  3,  tome  xiii.  p.  478. 

^  JhUL,  Paris,  1840,  Srr.  3,  toine  xxvi.  ]).  2'.^). 

■*  LdH'hrirt/isch.  Vcrsur]isst(U.,  \\i\.  xviii.  S.  81. 

*  Arch,  dc  ])}iiisioI.  norm,  ct  jxUh.,  Paris,  1890,  tome  xxii.  pp.  17,  490  ;  1891,  tome 
xxiii.  ]).  74. 

^5  See  tables,  j.p.  700-708. 

"  "  Lemons  sur  la  ]»li3'Hiol.  comp.  de  la  respiration,"  Paris,  1870,  p.  503. 

"  Comjyt.  rend.  Acad.  d.  sc,  Paris,  1889,  tome  cix.  p.  190  ;  Arch,  dc  phiisicl.  norm,  'i 
jiath.y  Paris,  1890,  tome  xxii.  p.  17. 

^  Arch,  dc  pJnjsiul.  norm,  ct  jxith.,  Paris,  1890,  tome  xxii.  p.  490. 
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The  influence  of  time  of  day  upon  the  respiratory  exchange.— 
During  a  aeries  of  ex perimeuLs  perfurmed  in  tho  years  18  K>  aiul  1814, 
Prout  ^  <lisL'uveiTd  tlmt  the  amount  of  carbon  dioxiile  dischargi^il  from 
the  lungs  apj;»eare<i  to  be  in  tine  need  by  tbe  time  of  day,  for  there  \\\ks  a 
regular  daily  variati^tn:  the  niaximnni  wan  generally  between  11  A.M. 
and  1  ?.M. ;  then  there  was  a  fall  to  the  ininiinimi  at  H  rm.  or  9  RM.  in 
the  evening,  ami  at  this  low  level  the  ditneliarge  of  carbon  dioxide 
remained  nntil  3  a,m.  or  4  A.M.,  wben  there  wa8  a  marked  rise.  A 
similar  variation  was  observed  by  Vi(?rordt,-  both  in  the  di.seharge  of 
carbtin  dioxide  and  in  the  amount  of  air  respired,  and  the  eause  of  the 
rise  he  attributed  to  furul    The  table  um  p.  72l'^dves  Ins  average  roHults. 

Spei'k^  determined  the  daily  variation.  Ua\\  m  the  intake  of  oxygen 
and  in  the  output  of  carlMm  tlioxide.  unil  showed  the  inHuence  of  food  in 
producing  the  maxiniiinL 

Further  exiierimentH  upon  the  ilaily  variation  in  the  respiratory 
exchange  have  been  made  by  iierg*  and  Frederie<[.^  The  following 
cm*\^e  represents  the  daily  variation  olkser\'ed  by  Fredericq  in  the  oxygen 
absorbed  by  a  man  \ — 


a  «         10         u         13  ^  a 
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Fic.  67. — Frederkij['s  cuivt  ol  daily  variation  in  tlic  absorption  of  ox jgen. 
R  ^  tluie  of  n  iin'iil. 

The  causen  of  thes(*  variations  in  the  dnily  respiiidorv  exchange  are 
to  be  attrilniteil  niiiinly  to  food  and  noisrular  activity.  b>r  dnring  sleep, 
aK  E.  Sniith,*^  PettenkulV-r  and  VoitJ  and  otlierH  ^  Imve  shown,  the  nieta- 
lK>iism  is  greatly  diniioished,  and  also  in  a  less  dcgTee  during  hunger, 
fn  addition,  however,  there  a]tpearE4  to  be  a  certain  fieriodieity  Btfimped 

*  Ann.  Phil.,  Loijflon,  1813,  vol.  11.  |>,  UJIO  ;  vol,  iv.  p.  3:n, 

'  **Pliy»ioL  d.  AtliiiH'irs/*  Karlitnihe,  I^l'i;  \VWnt"r\s  **  irainlwnrtcjUuLh,"  IJti  ii. 
S.  883, 

'  **Uiitersycli.  ueber  Smur.-itolliW'rbT.'UH'l]  ik  K»>lilens.iunsuiHiitliiiii]n;^  iles  Meiifiduu," 
Casftel,  ISn,  S.  ;U  ;  Arch,  j\  rj-per,  Pufh,  u,  PhanmikvL,  Uio/J^.  Is74,  lid.  ii,  8»  vm  \ 
ihid,^  1880,  Bfi.  xii.  S.  1. 

*  *' EiufJiiss  der  Atheml>uwe«itiijjLjPU  juiT  iVw  Aussclu'idioig  der  Kolilensaure  diirch  die 
linijfeTj/*  Doriiat.  18»i9. 

*-4rr/i.  d^ldoL,  traud,  1882,  tome  iii.  p.  72'J, 

*  Phil  Trnita,,  London,  isjiS,  vol,  t'\li\.  p.  fi8K 
'^  Zischr.f.  BioL,  MUindicn,  18^6,  Bd   ii.  H.  4'»9. 

*  i^amt-Manin,  CutttpL  rmd.  Acad,  d.  ac.^  F'nns,  1887,  tomp  cv,  p.  1124;  Rabner, 
Bnir.  z.  VhjjsfmL  Cnri  Litdtdtj  ;.  s.  70  Utbart^t.,  Lei|jj:ig,  1SS7,  S.  Sliy. 
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Uour  of  Day. 

Respirations 
per  Minute. 

Volume  of  an 
Expiration. 

Air  expired  in 
One  Minute. 

CO,  expired  in 
One  Minute. 

CO,  in  the 
Expired  Air. 

C.c.  (37«  and  758  Mm.X 

9  A.M.    . 

10  „       .          . 

11  „       .          . 

12  noon   . 
Dinner. 

1  P.M.     . 

2  „       . 

3  „       .         . 

4  „       . 

5  „       . 

6  ,,       . 

7  ,.      .         . 

12-1 
11-9 
11-4 
11-5 

12-4 
13-0 
12-3 
12-2 
11-7 
11-6 

iri 

503 
529 
534 
496 

513 
516 
516 
517 
521 
496 
489 

6090 
6295 
6155 
5578 

6343 
6799 
6377 
6179 
6096 
5789 
5428 

264 
282 
•278 
243 

276 
291 
279 
265 
252 
238 
229 

4-32 
4-47 
4-51 
4-36 

4-35 
4-27 
4-37 
4-21 
4-13 
412 
4-22 

upon  the  organism  by  long-continued  habit — a  clay  of  work,  a  night  of 
rest.  This  explains  the  persistence  of  the  daily  variation  in  metabolism, 
temperature,  ])ulse,  and  respiration  observed  in  an  animal  kept  at  rest 
and  without  food. 

The  etVect  of  light  in  increasing  the  respiratory  exchange  is  pro- 
bably to  be  attributed  chiefly  to  the  increased  muscular  activity  of  most 
animals  in  the  light.^ 

The  influence  of  6ige  upon  the  respiratory  exchange.  —  Tlie 
respiration  of  tlie  foetus  is  relatively  small,  and  this  condition,  within 
certain  limits,  persists  for  a  short  time  after  birth.  The  estimation, 
however,  of  tlie  ettect  of  age  upon  the  respiratory  exchange  is  not  so 
sim|)l(^  as  it  at  iirst  a])pears,  for  there  are  two  factors  which  have  t<» 
be  taken  into  account.  In  the  first  place,  tlie  yoimg  animal  has  a 
relatively  greater  surface  in  j^roportion  to  its  mass  than  the  adult 
animal,  and  lliis  causes  a  more  ra])id  respiratory  exchange;  in  the 
second  ])lac'e,  young  animals  of  diflerent  S})ecies  are  Ijorn  in  dillerent 
degrees  of  (levelo])ment.  A  newly-born  guinea-i»ig  is  covered  with  fur, 
lias  its  eyes  ()])en,  and  is  able  to  run  al)out  and  feed;  whereas  a  newly- 
l)()rn  rabbit,  rat,  or  mouse  is  naked,  blind,  and  ]ieli)less.  A  similar 
contrast  is  ol)served  in  the  condition  of  the  newly-hatched  chick  and 
pigeon.  Klscwbere  it  has  been  sliown  that  newly-born  mammals  and 
birds  ean  l)e  arranged  in  two  classes — tliose  which  can  and  those  which 
cannot  maintain  their  temperature  ;  and  there  is  a  similar  contrast  in 
the  ellect  of  cliangc^s  of  external  tenjperature  u))on  their  respiratory 
exchange.  Tliese  factors  must,  therefore,  be  remembered  in  estimating 
tlie  (^fl'ect  (»f  age  u])on  the  resj)iratory  exchange. 

In  the  case  of  man,  experiments  have  been  made  by  Andral  and 
(lavari-ct,-  l)ut  it  is  ditlicult  to  estimate  the  inlluence  of  the  ratio 
between  mass  and  surface  of  the  body,  for  the  weights  of  the  subjtM-t.s 
arc  not  given.  In  the  following  table  are  sonn*  of  Scharling's  ^  residts, 
which  show  that,  weight  for  weight  of  )>ody,  the  child  discharges  mrae 
carbon  dioxide  than  the  adult  : — 


^  XuiiK'ions  icfcicnrcs  to  the  controversy  on  this  point  will  be  found  in  a  paper  bv 
Fuluni  an'l  lieiii'diccuti.  Arch.  ital.  dr  hiol.,  Turin,  1891,  vol.  xvi.  ]».  80. 

•  '•  KiMhrrc-Jit's  sui- lii  (juantiti*  d'acidc  carlxunqne  exliaU'*  par  lo  j)ounion  dans  rt\sp»''c.- 
lunnainc."  Pari^.  184.'i.      Extract  in  Ann.  dc  rhim.  (tjdnis.,  I'ari.s,  1S43,  Sir.  3,  tome  viii. 

•'  A.i.i.  d    ri,.-,n.  H.  I'hnrm.,  184:5,  Hd.  xlv.  S.  211. 
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s«. 

Age. 

Weight, 

Output  of 
Oftrbon  LHojLidi-  in 
Twpnty-four  Hours, 

Output  of 

(L'arbotj  rHoxidc 

per  Kilo*  and  Hour. 

Mi3e        . 

35  yojirs 

Kilo. 
65-5 

80472 

Grnu. 
0-512 

r, 

28     ,,          1 

82 

878 -05 

0-497 

,r 

16     M 

57-75 

822-69 

0-594 

Fcrade   . 

19     i, 

55-75 

608-22 

OM55 

Kale       .         .     1 

9f  „ 

22 

488-H 

0-925 

Fcnialp  , 

10    ,, 

23 

459-87 

0  833 

m 


ft 


A  series  af  expiirimt/nts  by  reinlney^  Iiiijs  hIhiwm  that  tlu*   cllect 
age  iipnii  the  re8iiiial<jrv  exf-haii-^i-  imist  hn  couHitlered  in  lelutioii  to  t1 
temperature  of  tlie  exteruid  air  \m\\  the  sUige  ui  th^velupiuent  in  \vhi< 
the  uninieil   ir   at  hirtk      Animals  liuvn    in   a   coiiilititm   of   advance 
deveh>piiiciit,  Jike  that  of  ;funieH-pi;4s  anil  i-lnrkens,  have  h  respimloi 
txc'tiatige  wiiich  is  relatively  twu  (►r   three   times  <:teater   tluui  that 
the  adult.     Aniraals  horn   in    a  heiirless    state,  like  that  i»t    iiac*^  m 
pigeons,    Iiave  at   the    onhnary  tempi  ratine   nf    the  air  a  metiih<jlis 
relatively    smaller   X\m\\  that    of    the   aihilt  ;  hut    with    a    rise    in  tl 
external  temi>eratiire  tf>warrls  the    temporature  of   tlie    Ixnly    the    r 
spii-atory   exehanpje  iiiereaseH  towartls    th<*   vahit-  in  the  atlnlt.     The 
diirerenees,  wliieii   are  intiiuately  comieeteil  with   the   teini)erature 
the  animal,  are  diweussed  more  fully  in  <tlher  p"^rt^*  "f  l^ln^  wurk. 


Ri:snjJATiux  liv  the  Sktx  ANn  Aumentakv  (,'anau 

Cutaneous  respiration  of  amphibia.  In  uvawx  ^*i  tli<^  InwtT  aaiim 
the  exrliJiii^i^  nf  ;^';usrs  hrfwrivti  llii*>kiii  iiMil  iIm-  snrn>mnliri^  nir  or  water 
conddfTahlr,  uad  ia  H>aie  of  Llie  inii|i]iiltia  is  injiuiI  U^^  or  evi'ii  ^n^aUT  tliua,  th 
effecU-d  hy  the  luii^'s.  As  early  as  tlie  end  of  the  last  ei-atnry,  SjuvllaazuTi 
showed  that  many  aaipliilmi  ruald  riMilily  t-iik*'  it]i  <txy>{i']i  and  <lisrharj 
carbon  di«»xi(It^  after  thea  lnn;j>  had  la  en  remuved,  siad  tliiit  ia  this  rnadilit 
they  livf'd  ir^n^nr  Lhaii  Jiaiitials  of  the  same  .sjiei-ies  whose  skin  had  he< 
covered  witli  varaish.  Thrsr  ohsi^rvutions  wen*  extended  hy  Edwarrb 
who  foaTul  that  froj^^s  th'priveil  nf  tht-ir  lan^js  w«>ald  live  a  hmg  time,  proviih 
that  the  external  leni|ivraiure  was  low.  Thi>  ^atanions  respiratiiai  tit«*k  pla 
as  readily  in  Mowing  water  ma  in  air^  f'^r  noriniil  fn^g'^  eoidd  ln^  kt-pt  ali 
althmj^h  never  alktw«'il  ti»  I'onie  t»»  flu^  snrfari',  |Movidrd  thfit  th<'  teiiipinitn 
of  the  watc!r  did  not  ex<  t*ed  I2\;  th*- ('nlanfon>  r<'s|iiratioii  was  snfti' ii'iit  f 
the  sniall  umonnt  of  nn^talw^lism  whi^h  iHiarrrd  at  low  ti'iapcralvat'S.  Regnaii 
and  R<nset^  found,  hv  iho^rt  cxptMinn-nt,  llial  flogs  ahsorhi^d  a>  mtn  h  nxygt 
and  diseharged  as  rnuili  rarlxm  dioxid<-  aftt*r|  as  h<don^,  ninoval  of  thf 
lungs.     The  following  tigures  give  their  results: — 


^  Joum.  PfiijitwL,  Canlbri^l^D  «mt  LonJnn,  18»5,  vuL  xviii.  p.  303. 
•See  *"  Ahirii&l  Heat,'"  this  Test-Uook,  vol.  i. 

•  "M^mmrps  sin*  In  resjHralion/'  tra^l,  |wir  .Smi-hicM-j  nt'iK'xe,  1S03»  ijp,  72,  lit. 

*  **I>e  rinflueiioc  di'8  ajtjees  |iliysiijyes  siir  la  vie,"  I'aris,  istil,  y]\  1-,  41-62. 
^  Aim.  decfUm.  Hpkyiky  I'aris,  1B4!^,  Srr.  :i,  tojne  xxvi.  y.  DOtu 
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Cdjidltldti  oj  FrD|(. 

1         md  limir. 

C'ttrlwn  Diojddt." 
jwr  Kilo, 
mid  Hour. 

Temfietmlute. 

Hiw^ 

Nomml       . 

After  removal  of 
lungs 

Grmt. 

[j        O'oea 

1               O'lOS 
i             0047 

0-045 
0-081 
0*049 
0071 

■69 

76 
7fl 

17" 

3r 

Betttit     nr 
ftv«e]ipeti- 
ments. 

Ber^,i  on  tlji?  i>thpr  liniidy  found  tlio  tliM-liarge  of  carlwn  Jioxiflp  comidemblj 
(Uminblif^d,  Imt  this  lias  not  been  fionnrmed  by  Fubini,^  wbo  ob^rred,  iji 
com] ta rati ve  t*xp*'riments,  only  a  nlight  dwreasi*  in  tlit^  ontpiit  of  carbon 
dioxide  aft^jr  removal  of  tht  kmg^. 

To  all  f>f  theH*5  f^sjirrtiiH^nt^  there  are  eert,iiii  nlije^tioii^.  The  vami^h, 
especially  wheQ  coiitjunin^  alcohol,  acts  injnriotisly  \m  \\\%i  frog,  and  interfertsji 
with  itfi  free  niovi^ment  j  the  remtival  of  the  limgti,  apart  from  the  actual  injufj 
done  to  the  aniraal  dnrinj^  the  operation,  may  cause  the  skin  \a'\  take  on 
™ariDnBly  the  functirtn  of  res]  li  nit  ion.  Liter  exiH-riments  by  Kluj^*  are  free 
from  tbef^e  object  in  il^,  fia^  tin*  bond  i>f  a  normal  frug  wan  [lawsed  Uimugh  a 
rtiblwr  collar  into  one  part  i>f  a  f:haml»er,  wliil**  the  bt>dy  was  retiined  in  lh« 
other  parti — the  pulmonary  aiid  cntaneniiH  respiration  were  ihu.^  determitun] 
separately;  ami  in  order  to  all  iw  for  the  fiutuneoit^  respiration  \vhi*^b  would 
take  place  on  the  ])e*id,  other  eX[»crim<^uts  were  made,  in  which  only  th^  nose 
1  trojee t^f d,  \ %\\  d  i  1 1  w h  ic li  .sc c t i o n  n  f  1 1  i  t '  \  itgt  ne r ^' c ^ s,  f i  n  '  >\  »e v\ 1 1 io n  w h ie h  J^tt»ji4_'nd s 
the  pulmonary  respiration,  had  been  performed.  The  results  show  that^  during 
the  winter  at  least,  the  cutaneous  respiration  is  far  more  im[X)rtant  than  the 
l)ulmonary. 


1 

■y. 
U 

1 

Dura- 
tion of 
Experi- 
ment. 

Hours. 
3 

Weijfht 

of 
Frog. 

Sex. 

I.— CO2  per 

100  Gmis.  and 

24  Hour». 

Head  and 

Lun^p}. 

II. -CDs  per 
lOOOrms-and 

24  Hours. 

Body  below 
Head. 

Ratio 

of 
I.  to  II. 

Remarks. 

tJmis. 
77 

Male 

Clnns. 
•0581 

Gnna. 
•1891 

1-3-2 

Normal. 

3 

111 

n 

•0540 

•1902 

1-3-5 

»> 

8 

" 

82 

Female 

•0536 

•2361 

1-4-4 

Only  the  Doae  pBo- 
jected  through  the 
partition. 

9 

" 

177 

j> 

•0175 

•0786 

l-4^4 

Both  vagi  cut  ; 
membrane  as  in 
Experiment  8. 

Dissard^  has  detcrminecl  the  ])roduction  of  carlwju  dioxide  after  ligature  of 
the  cutaneous  <»r  tlie  pulmonary  blood  vessels  of  frogs,  and  he  finds  that  both 
cutaneous  and   i)uliaonary   resj)iration   are   nece.s.sary   to   the  animal,   for  the 


'  "Unt4:;rsiicli.  ueber  d.  Haat^ithnmiig  d.  Frosches,"  Diss.,  Dorj>at,  1868. 
-  VnUrsucli.  z.  Xaturl.  d.  Mcnsch.  u.  d.  Thicrc,  1878,  Bd.  xii.  S.  100. 
^'  Arch.  f.  Physiol.,  Leipzig,  1884,  S.  18;J. 
"*  Compt.  rend.  Acad.  d.  tfc,  Paris,  1893,  tome  cxvi.  p.  1153. 
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removal  of  either  ^'aiise.s  death  after  a  longer  or  nlKirtcr  periotl.  The  cnt4ineoii8 
respiration  ap]>earj*  to  he  the  more  imiM-jrtant  during;  the  winter,  and  the 
pulmonary  d tiring  tlie  sunniier.  Thi'  experimental  of  Marcaeei  ^  indiciite  that 
the  miicx^ns  nienibrane  of  the  ni<nith  untl  pharynx  i.s  also  reapimkiry  iJi  the 
frr%  and  Oimerano  -  finds  in  thf  ease  of  the  salamanders  Spdep^s  /u'^euM 
iind  MSalamaiufrijia  peri<ptt'illata^  in  wliieh  the  lungs  are  either  absent  iir 
nulimentiiry,  that  the  bneen-pharyngeal  res[ oration  in  more  iniport^int  than 
that  carried  on  by  the  skin. 

Videntin -'   deterniined    tlie    aljsiaptinn    i^f    oxygen    and    the   diseharge    i>f 

f'arl*m  dioxide  from   pieees  nf  skin  removed  from  the  hody  of  the  frog^  and 

fnund  that  t!ie  former  proeess  vvms  the  more  aetive.     This  has  been  eontirmeil 

by  Wiiymonth  Reid  and  Hainlily/  who,  frtim  experiment-H  u|n>n    the  transpira- 

i^ion    throngb    tin*   fn»g's  i^kin,  coneluile  tliat  there   is    no   evidence  of  any 

[ ihy**iolof,dcal   aetton  by  virtue  of  whieh  eailMm  dioxiile  is  **  s^eereted  " ;    the 

exchange  of  gases  is  the  direet  residt  of  a  diflerern*'  of  teni^ion  on  the  two  sides 

<:if  the  i-espimt^»ry  septmn. 

ChitaneouQ  respiration  of  mamniale. — In  man  and  ottier  luammals 

^he  eiitatjeuus  r^Bpiratioii  i,s  80  small  tliat  it  has  been  denied  by  some 

<3bservem/'  and  exphxiiied  away  by  others,  as  arising  from   the  deeom- 

^>08ition  of  filth  and  cntaneous  Becretiuius.'*     Althrmgb  Hipp)erates  and 

^Jaleii   believed   in   tlie  absorption  of  air  by  the  skin,  no  expiorinients 

.aippear  tn  have  been  nutde  until  the  yv^iv   1777,  %vheri  Milly  rtbserved, 

*ltmng  a  warm  bath,  a   number  iif  smnll  bnbbles  attached  to  the  snrface 

m}{  his  Ijody ;  sonni  of  these  lml>bles  were  colleetetl,  and  on  analysis  were 

^nimd  by  Uivoisier"  to  he  rarbon  dioxide.     <  )fijection  was  raised  to  this 

experiment,  on  the  ground  that   carbon  dioxide    j^resent   in   the  water 

might  attiieli   itself  to  the  body,  as  it  does  to   other  Sidid  8ubstanees. 

Cniiksliank,^  b^wever,   fnninl   that  air.  in    winch   a   previinisly  washed 

hand  or  foot  bail  been  confined  Uw  one  lionr,  cansed  a  marked  tnrbidity 

with   lime  water.      Tfiese  ex)icriments  were  extended   liy  Abernethy,** 

who  showed   that    in    ordinary  air   oxygen  was    absorbed  and   ciirlxjn 

dioxi<le  waa  given  off  as  readily  as  in  pure  oxygen,  whereas  iii  carbon 

dioxide  gas  nitrogen  was  disc  barged  and  nirbon  <linxide  absorbeil  by  tlie 

skin  of  the  band. 

In  L^LVoisicr  and  Segnin's"^  (experiments  a  man  was  enchwed  in  an 
air-tigbt  rubber  bag,  wbih*  he  l»realbcd  tbriMi^Ii  two  tubes  connected 
with  the  month  and  nose  ;  this  metliod  was  improved  by  Scharling/^ 
who  prevented  the  excessive  accnmnlation  of  moistnre  by  ventilating 
the  cbandter  in  which  the  suliject  of  the  experiment  was  confined. 
The  residts  of  the  above  and  later  oliservers  are  Kiveti  iit  tlie  following 
table  :— 

'  Arrh,  ikiL  dc  hiftL,  Turin,  v«jL  xxi.  p.  1. 

^  Ibid. J  vol.  xxi.  [k  ^iS7. 

»  JT€h.j\  phijKUd.  Ifcilk.,  Stilt t>,^irt,  185'.,  S.  47-1. 

*  Jonm.  J'htfsictL,  UaniliHHge  aikI  Lorn  Ion,  lHn5^  vol.  xviii.  p.  411. 

*  Priestley,  ''On  Air/'  vol.  ii.  pp,  ni3,  V*i  ;  Kkipp  and  Unrrloii,  '*  EHin'M  Ta^iairy  " 
Kdinlmrgli.  1807,  pp.  IBiK  y^j^. 

»  Hopp«S*^vler,  "'Pbvsiol  ClieTiu."  Berlin,  ISTH,  IM  iii.  S.  5S0. 

'^Hijd.  Jcak,  rmj.  d.  k,  Paris,  1777,  j-p.  221,  360. 

" '*  Expeiinient**  «n  tlio  Insensible  Pers[timtion  c>r  the  Ihniian  Hu<ly,  sliowint;  its 
affinity  to  Re^mmtifui/*  2nd  edit  inn,  Ixmrfim,  17  (>.'(,  pp.  SI,  82. 

"  **Siirgie4il  and  Physiolojtjieal  Essayf*,"  Loinlon.  17f^'ft  pt  *J,  p,  107. 

*"**(Eitvre^  a»>  Lavuisier,"  Pari.*,  1802,  tome  ii.  p,  70.S  :  J  tut,  ik  cfitw.  tt  phtjs.f 
Paris,  1814,  tome  sv.  \k  8. 

^^  Journ.  f^  prakf,  Chem.,  beif>zi;;,  1^45,  H^l.  xxxvi,  S.  ^.'il  ;  Jmt,  tU'  t'hhn.  ft  phya,, 
Paria,  1843,  S^r,  3,  tome  viii.  p,  480. 
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Part  of  Body 
Examined. 


Hand  and  foot 

of  man 
Hand  of  man 


Total  surface  of 

skin  of  man 
Portions  of  skin 

of  man 
Total  surface  of 

skin  of  man 
Total  surface  of 

skin  of  child, 

flit.  10 
Total  surface  of 

skin  of  girl 

«t.  19 


Portion  of  skin 

of  man 
Arm  of  man 

>» 
Total  surface  of 
skin  of  man, 
except  liead 


Hand    .     .     . 

Hand  and  fore- 
arm 

Upper  liml>  of 
man 

Portion  of  skin 
of  a  horse 

Total  skin  of  a 
horse 


Gases  Discharged. 


Carbon  dioxide 

Carbon  dioxide, 
and  some- 
times nitro- 
gen 


Carbon  dioxide 

and  nitrogen 

Carbon  dioxide 

Carbon  dioxide 


Oases  Absorbed. 


Not  detei-mined 
Oxygen 


Not  determined 


Oxygen 

Not  det<?rmined 


CO,        I         o. 
Discharged,  i    Absorbed. 

For  Total  Surface  of  Body 
in  24  hours. 


14  grms. 


Oxygen 


I 


32-8  grms. 
10 '9  grms. 

23-9  grms. 


8*4  grms. 

2 '2  grms. 
14  grms. 
t)*3  grms. 
(maximum) 

2 '3  grms. 
(minimum) 
I  '25  grm.-i*. 
ti'SO  grms. 


0193  grm.^-' 

I 
30-1  grms.     6-3  ' 

! 

1 1 9  grm.s. 


2 '7  grms. 


Ob«cr*er. 


Cruikshank.' 
Abemcthy.- 


Lavoisier    and 

Seguin.' 
Collard  de  Mar- 

tigny.'» 
Scharling.* 


Regnault   and 

Kei8et.« 
Gerlach.7 

Reinhard.® 
Rcihrig.* 
Aubert       and  I 
Lange.*<» 


Fubiui        and 

Ronehi." 
Barratt.'^ 

derlach." 

Zuntz,  Leh- 
mann.  and 
Hiigemaiin.'* 


Tlio  results  of  Aubeit  which  liavu  been  i^iveii  above  show  that  tht* 
eiUaneous  n*s])i ration  varies  in  intensity  in  tlitlerent  ])arts  of  the  body, 
and  that  for  this  reason  it  is  inii)ossible  to  eorreelly  calculate  the 
cutaneous  lesjtiration  of  tlie  whole  body  from  the  data  obtained  on  one 
limited  jiart,  such  as  the  hand.     Further,  tlie  exeliange  of  gases  from  the 


Ann.    dc    chim.,    Vmi^. 


'  Lor.   ri/.  -  Af/r.   n'f. 

""<Kii\r<s    (lr    LavoisitT,"    Paris,    1S»;2,    tomo    ii.     ]».    708; 
1814.  toiiir  \<'.   )..  s. 

*  Join-, I.  'Ir  j,li;,su>].  rrjH,'.,  Paris,  ls;30,  tome  x.  j).  }G2. 

■' Ji>ii,-/i.    f.    in-dkt.    ('l(Kiii.,  \a'\\\/.'v^.  1>1.').   P>d.    xxwi.    S.    4.')}.    Aim.    (h-   rhlni.    ft  Jthi 
V:\r'\<     1M:'.     S.'i'    :\     L.tiu-viii     n     IS() 
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ikin  is  increased  hj  exercise,  a  rise  of  temperature,  and  Ijy  any  cause 
Rrhieh  prodtices  increased  vascularity  of  the  skin,  audi  as  friction,  warm 
kaths,  and  electric  shocks.^  It  is  also  sai<l  to  be  intiuenced  by  foud 
md  by  exposure  to  light"'' 

)  The  experiments  of  Gerkcb,  R(>!n*ij4,  and  t>thcr.s  Hhow  that  the  ftkiii 
if  animals  will  absorb  carbon  <lioxide,  carbon  monoxide,  sulplmretted 
lydroi^a^n,  and  the  va|)inu'  of  cldMiofunn  and  ether. 

The  effects  of  varnishing  the  skin.— The  old  theory,  held  by  (ralen, 
fanctorins,  and  others,  that  many  diseasfis  were  due  to  the  retention  of 
^aste  substances  which  in  a  normal  condition  would  have  Itetni  dia- 
iharged  from  the  body,  received  [.neat  support  from  experiments  in 
irhieh  the  skin  of  animals  bad  been  covered  by  an  impermeable  layer 
rf  varnish  or  oiniuu^nt.  At  the  saute  time  it  was  held  that  tJie  results 
ihnwed  the  imperative  necessity  of  (uitaueoim  respiration  and  jierspira- 
ion.  The  symptoms  observed  after  tlie  skin  of  an  animal  was  varnished 
rere  restlessness,  sliiveriug,  increased  rapidity  of  breathing  and  lieart- 
^t,  soon  follnwed  by  slow  respiration  and  pulse,  a  fall  in  temperature 
0  20**  or  lO**,  the  discharge  of  albumin  in  the  urine,  spasms,  and  death. 
Examination  of  the  body  after  death  sh<>wed  congestion  of  the  skin, 
flibcutaneous  tissue,  muscles,  and  internal  organs.^ 

The  earliest  experiments  appear  to  liave  been  made  by  Fourcault.* 

)ucros,^  Becquerel  and  Breehet,*'  GlugeJ  and  Magendie.®  The  tempera- 

mre  was  observed  by  (jerlaclij'  who  oV>tairjed  the  following  results  for 

^  rabbit  and  a  horse,  after  their  skins  had  been  covered  with  a  layer  of 

ttinseed  oil :— 


TMMrwuTfiii  BnwRS. 

TKvrBKATcrmB  krtmi. 

AmiAL. 

RmfAnKf. 

AeetaL 

CttUaeottN. 

E«ctjU. 

OatttneQuiL 

Ubbit 

1 

39*7 

38" 

28' 

sr 

At  time  of  death, 
thirt;^  hotirs  after 
vaniishiiig. 

<>rBe. 

38^ 

3^ 

32'* 

29* 

On  the  aixtlj  tlay 
Dentil     oil    eighth 

Edenbiiizen  ^^  showed  that  death  followed  even  when  only  one-sixth 

the    toUd  cutanefais  surbice  was  varnished;    he   believed   that   the 

*nptoms  were  due  to  an  alkali  which  lie  found  in  the  skin.     A  further 

^'aiice  in  knowledge  was  made  when  Valentin  "  discovered  that  the 

^charge  tif  carbon  dii)xide  from  tite  lungs  was  reduced  to  one-eighth  or 

*  Gerltu'li,  Atibtrt,  liuhnV,  Uarratt,  loc.  til. 

^Fubiiii  ami  Koijchi,  fotu  cU.     in^re  other  retVienct-s  ^rill  Ihj  Jbund. 
"Vulentiij,  Arth. /,  yhy$iot.  IltUk.,  Htiittxiirt,  Hd.  xi.  8.  4:13. 
*C^w/i/.  rend.  Acad,  d.  sc,  Pariw,  Mars  UJ,  1837, 
^Noiii,  a,  d.  Get.  d.  Xat.-n.  Hnlk\,  Weimar,  lS4b  Bd.  xix, 

*  Arch,  ^H,  de  mtd.,  pAiia,  1841,  tunit^  xii.  j>.  517. 
^  AhhandL  z.  Pht/noL  u,  rath,,  Jena,  1S41,  S.  Gti. 
•Giiz.  mid,  de  ParU,  EKe.  6,  1843. 

*  Arch./.  AiiaL,  Pky/tiol.,  u.  wisstmch.  Med,,  1851,  S,  43 K 

"Afldir.  t\  d,  k.  Qtaelhth.  */.  Wisufntich.  i*.  rf.  Geary. -Aug,   Uitii\^  Got  ting*?  n,"  1861, 

288. 

^^  Ardt. /,  pkysiol,  i/iji/i-.,  Stuttgart,  Uil.  ii,  S.  433^ 
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one-sixth  of  the  normal  amount,  but  that  the  output  of  carbon  dioxide 
was  raised  to  the  normal,  and  death  was  prevented,  when  the  tempera- 
ture of  the  surroundings  was  kept  at  20'*-25^  These  observations  were 
confirmed  by  Schiff. 

The  explanation,  however,  of  these  experiments  was  given  in  1868, 
when  Laschkewitsch  ^  showed  by  calorimetric  observations  that  vamifihed 
animals  gave  off  an  abnormally  large  quantity  of  heat,  that  the  cutaneous 
vessels  were  dilated  and  the  vasomotor  nerves  appeared  to  be  paralysed, 
that  the  temperature  of  the  animal  fell,  and  thus  caused  the  charact'Cr- 
istic  symptoms  and  death.  When  only  one  limb  of  a  rabbit  was 
varnished,  the  temperature  under  the  skin  of  that  |)art  was  34° '5,  as 
compared  with  33",  that  of  the  normal  limb ;  after  one  hour,  the  first 
fell  to  33'-2,  the  second  to  32°-5.  Varnished  animals  wrapped  up  in 
cotton-wool  remained  well,  and  no  bad  effect  was  observed  when  the 
body  of  a  normal  rabbit  was  enclosed  for  six  hours  in  a  cylinder  filled 
with  hydrogen,  the  rabbit  breathing  through  a  mask  over  the  nose  and 
mouth.  Laschkewitsch  also  pointed  out  that  the  greater  the  surface  of 
the  skin  in  relation  to  the  mass  of  the  1)0(ly,  the  sooner  death  followed 
varnishing  of  the  skin.  This  is  shown  in  the  experiments  which  Gerlach 
made  upon  raljbits  and  horses,  the  former  dying  in  thirty  hours,  the 
latter  after  seven  or  eight  days.  The  greater  the  surface  in  relation  to 
the  mass  of  the  body,  the  greater  is  the  rate  of  cooling. 

The  experiment  of  varnishing  the  human  body  was  first  made, 
according  to  Laschkewitsch,  by  the  officials  of  Pope  Leo  X.,  who, 
wishing  during  the  coronation  ceremonies  to  make  a  child  represent  an 
angel,  gilded  the  whole  of  its  body  :  the  child,  however,  died  l)efore  it 
had  fulfilled  its  ])art  in  the  ceremony.  It  is  probable  that  in  this 
case  the  gilding  contained  some  ])oisonous  substance.  In  1877,  Senator - 
showed  tliat  tlie  whole  surface  of  the  human  body  could  be  covered  with 
an  ini])criiu'til»lc  layer,  and  that  even  after  remaining  in  this  condition 
fur  eight  or  ten  days,  no  disturbance  wliatever  could  l)e  observed: 
no  marked  change?  was  observed  in  the  teiii])erature,  and  this  explains 
the  al)sence  of  the  symptoms  which  are  (►Ijscrved  in  animals.  Tlir 
human  Ijody  has  litth?  natural  covering  and  the  most  perfect  power 
of  regulating  its  teni])eraturc,  conditions  which  do  not  obtain  in  most  of 
the  lower  animals. 

KxttMisivr  Itut  superficial  l)unis  of  the  skin  often  cause  death,  and  this, 
ac'cordiu;^'  In  sniin-  ojjservers,  is  due  b»  interference  with  the  cutaneous  respira- 
tion and  t<»  ictcntinii  (A  waste  products,  which  are  nnrmally  discharged  by  the 
sweat.  There  is,  h(twever,  very  little  evidence  in  sui>pnrt  of  this  view,  and  it 
is  i)r<)l)a])lc  that  tlie  fatal  result  in  these  cases  is  due  to  the  following  factors — 
shock,  ch;inL:«'s  in  the  plasma  and  corpuscles  of  the  blood,-'  excessive  lo>s  df 
licat  from  the  hyjiera'mic  skin,  and  distur])ed  re^^ndation  of  temperature,  owing 
to  the  ahsciice  of  the  imrmal  senst)ry  imjadses  frniu  th«*  skin. 

Respiration  in  the  alimentary  canal.  -  The  quantity  and  nature  of 
the  gases  foiind  in  the  alimentary  canal  vary  under  ditlerent  circum- 

'  Arrh.  f.  Aiuif.^  ]'}(iislol.  V.  in'ssrn.^cJi.  Mrd.,  ISGS.  S.  Gl. 

-•  riirlnur's  Arrhic,  1S77.  li.l.  Iw.  S.  Ks-2;  Arch.f.  I'h/sio/.,  L(>ipzi<?,  1804,  S.  178. 

^  Max  Silniltzo,  Ardi.f.  nilhr.  Atiirf.,  Hoiui,  l.s65!  VA.  i.  S.  2G  ;  Werthcini.  fJ'ifn.  mtd. 
Proisr,  18GS,  No.  l:{  ;  P./niick,  B>  r/.  hiin.  Jl'r/ivsc/rr.,  ls77.  No.  4G  ;  CevtraWLf.  d.  mrd. 
H'hionsch.,  ]^i<ilii),  ]Ss(),  Xos.  11  and  IG  :  Lcssn,  J^irr/nnr's  Arrhiv,  K^^O,  lid.  t-xxix. 
S.  218  ;  Ho|.j.e-Sr\l.T,  Zlschr.  f.  plnjsiol.  Chcm.,  Strass].iir<:,  1{S81,  VA.  v.,  S.  1  and  3U  : 
Tai»peint'r,  ( \ntr<iihl.  f.  d.  mcd.   irissnisch.,  Berlin,  1S81,  Vu\ .  xix.  S.  385  and  401. 
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stances,  as  is  shown  by  the  following  table,  which  giveB  the  results 
[obtained  by  Ruge^  from  the  analysia  of  the  gas  obtained  from  the 
Irectum  of  the  game  nmn  under  diiierent  conditions: — . 


OOA. 

Milk  DieL 

Vegetftble  Wet 

(or 

Four  Dftyi., 

Anjnml  [Ml«t 

for 
Thrw  Dnya. 

Oxygen  ,        *        .        , 

... 

.,. 

... 

Kitrogen 

3671 

18*96 

61*41 

Hydrogen 

54-23 

4*03 

0-69 

Marsh -gas 

r.5&i 

26-45 

Carbon  dioxide 

&Oft 

21  "05 

8-45 

Hydrogtn'snlphide 

Trace. 

... 

lie  distribution  of  these  guises  lu  the  diJTerent  parts  of  the  aliment- 
canal  waB  examined  by  Tappeiner,'^  in  the  body  of  a  criminal,  who 
bad  been  executed  a  short  time  before  the  examination  was  made.  The 
following  are  the  resiUta :— 


Om, 

stoimch. 

neum. 

Colon, 

Kectmn. 

Oxygen 
JNltrogeo      . 

919 
74-26 

-     6771 

7-46 

627« 

Hjrdrogen    . 

0-08 

3-89 

0'4« 

^ 

Hjir«h-g»a    , 

016 

0-06 

0*90 

Citrbon  dioxide     . 

le-si 

28 '40 

91-92 

36-40 

Zimtz,  Lehmann,  an<i  Hatreniann  ^  found  in  the  gas  drawn  ofF  from 
^tlie  intestine  of  a  living  [lorse  aljout  22  per  cent,  carbon  dioxide,  59  ]»er 
neent.  marsh -gjis,  and  2".*)  per  cent,  hydrogen, 

I        These  gascfi  have  several  sources  of  origin.     Oxygen  and   nitrogen 

Boccur  in  tlie  air  swallowed ;   hydrogen,  marsh -gas,  and  curbon  ili  oxide 

Kpu'e  formed  by  the  fermentations  which  tiike  place  in  the  con  tents  of 

INihe    alimentary   canal;    nitrogen   and    carbon    dioxide,   under   certain 

conditions.  dilTuse    fruni    the    tissues    into    the  intestines,  and  earbou 

dioxide  arises  from  the  neutralisation  of  the  sodium  carbonate  of  the 

intestinal  secretions.     Further  details  on  the  origin  of  these  gases  will 

be  found  elsewhere:*  here  it  is  necessary  only  to  consider  the  part 

»  JSifzungMb,  d,  k\  AkmL  d,  ll'tssmsch.,  Wjeu.  1862,  Bti.  xUv.  S.  739. 

'*Arb,  a.  d.  path.  Imt,  zu  Mihtehen.  Stuttgart,  1886,  Bd.  i.  S.  22t).     See  atiso  Planer, 

hung^ff.  d.  k.  Akad.  tt  iriimenxrh.,  Wion,  1860,  Bd.  xlii.  8.  307  ;  Hofriiann.  fVicH.  med. 

jjrehfiMhr.,  lb7'^  :  TaT>i>eini'r,  ^/j«<'Ar.  /.  phmo^,   ^i^-fiL,  Stmssbiirg,  1S82,  Bd.  vi.  S.  432; 

iSStJKlir,  f.  fiioL,   Muiitdicu,  1883,   lid.   xix.  S.  228;  1884,  Bd.  xx.  S.  ft2  ;  Ark  a.  d,  ]Mlh, 

\In$t,  vtt  MU7ich4^n,  Stutt^ait,  1886,  Bd.  i.  «.  215. 

'  Areh.f.  PhyfdoL,  \.A\m^,  1894,  8.  ViU, 

*  ^^  '*  Cliemistry  of  Di^pstiuJi,"  tld»  Textdjotik,  vol.  i. 
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some  of  them  play  in  respiration.  The  oxygen  in  the  air  swallowed  is 
almost  entirely  absorbed  in  the  stomach ;  the  carbon  dioxide  is  gener- 
ally 20  to  90  per  cent,  of  the  gas  present  in  the  intestines,  and  will 
therefore  have  a  partial  pressure  greater  than  that  of  the  carbon  dioxide 
in  the  blood  and  tissues,  and  will  diffuse  from  the  intestines  into  the 
blood,  to  be  ultimately  discharged  in  the  lungs.  As  regards  the 
nitrogen,  the  ([uantity  present  in  the  alimentary  canal  is  considerable, 
but  its  partial  pressure  is  generally  below  that  of  the  atmosphere,  and 
of  the  tissues,  and  under  these  conditions  there  will  be  a  diffusion  of 
nitrogen  from  the  blood  and  tissues  into  the  intestinal  tract  It  is 
important  to  rememl)er  the  presence  of  nitrogen  and  marsh-gas  in  the 
alimentary  canal,  for  thus  it  is  possible  to  explain  those  cases  in  which 
an  absorption  or  discharge  of  uitrogen  has  been  observed  during 
determinations  of  the  respiratory  exchange.  When  carbon  dioxide  or 
hydrogen-sulphide  is  injected  into  the  rectum,  a  portion  of  the  gas  is 
absorbed  and  excreted  by  the  lungs.^ 

Paul  Bert  -  observed  that  a  kitten  with  li^^atured  trachea  Hved  twenty-one 
minutes  wlieu  a  current  of  air  was  passed  through  the  alimentary  canaJ, 
whereas  a  kitten  of  siniihir  age  died  in  thirteen  minutes,  when  the  only 
operation  performed  was  ligature  of  the  trachea.  A  similar  absorption  <»f 
oxygen  from  the  alimentiiry  canal  probably  takes  i)lace  in  man  under  8f)ecial 
circumstanc(?s  ;  for  swimmers  who  can  remain  under  water  for  an  exceptional 
length  of  time,  state  that  they  swallow  air  in  addition  to  tiiking  a  deep  inspira- 
tion before  ji  dive. 

In  warm-blooded  animals  the  alimentary  canal  plays  an  unimixjrt^int  ]>art 
in  respiration,  ))ut  this  is  not  the  case  in  some  fish,  for  all  the  members  of  the 
loa(di  family  respire  partly  by  the  aliment^iry  canal.  The  air  discharj^ed 
under  normal  conditions  from  the  rectum  of  Cohiiiit  fossUis  has  the  followin*^' 
comi)ositi«>r.  :  S7*18  ])er  cent,  nitrogen,  12*0^^  per  cent,  oxygen,  and  0*79  jn^r 
cent,  carbdn  di(>xid(*  ;  but  if  the  iisli  be  im*vent(Ml  from  swallowing  air  fnr 
several  hours,  the  pcrccnUige  composition  is  *d\-X\  nitrogen,  7'94  oxygen,  and 
0'7.'^  carbon  dioxide.-'  Krman  ^  o})ened  the  abd(»mcn  of  one  of  thc>e 
fish,  and  m "tired  that  when  air  was  swallowed  the  intestinal  veins  an<l  the 
liver  became  la'ight  red,  but  with  hydmgen  or  nitrogen  the  colour  wa.-^  very 
dark  purple.  The  mucous  memlu-ane  of  the  intestine  of  (jihifis  /osfiiiis  is, 
according  to  Leydig,''  eom]»osed  almost  entirely  «>f  ea])illary  I »1o(m1  vessels,  and 
a  little  connective;  tissue.  Fn  the  ('<ilJir]i1Jiii,<  a!<]>rr^  a  li>h  found  in  Brazil,  the 
n\spii';iti()u  ])y  the  alimentary  canal  is  essential  f(»r  life,  for  if  the  fish  be 
})i'evented  from  couiing  to  tin;  surface*  of  the  water  to  sw^dlow  air,  it  dies 
within  two  hours.  The  air  discliargeel  by  the  rectum  cont^iins  l"5-3*8  |M-r 
cent,  of  carbon  dioxide.'' 

The  respiration  of  the  foetus. — The  respiration  of  the  foetus  was  fir>t 
understood  an(l  described  in  1G7+  ])y  Mayow,*"  who  in  his  treatise,  '*l)e 
Kesjiiratione  Fo-tus  in  Utero,"  maintains  that  the  placeMitu  is  to  be  looked 
upou   as  a   lung,  from  which  the  uml)ilical  vessels  take  u])  the  nitr<Kaerial  g.is 

^  l><iii.ii<l.  *'  Lc'-oiis  ^ur  Ics  ctrcts  (!<•>  siil.stanccs  t«>\i<iu«'s  ct  iiMMicaiiiPiitciisos,"  Pari-. 
isr.7.  p  .':<  ;  li.Tg.'on.  Cnnipt.  mill,  Ac<i'l.  d.  s<'.,  Paris,  torn.-  v'w.  ]..  1S12;  Ifanriot  aii'l 
Ki.-lict,  C"n,/>f.  r'H'L  Snc.  »fr  ///V.,  Pans,  l>s7,  J..  :{U7  :  V Vint,  M,d.  Xetrs,  Phila.,  l!^>:. 
vol.  li.  |).  t;7(i. 

-  "Pliy.^iol.  coiiii*.  <li'  la  rcs|)iiali()ii,"  i'aiis,  ls70.  }>.  17-5. 

^  r*auni<it.  '(Ih'Iii.  riitcr^U'li.  li.  d.  H»'S[»ir.  d.  wSrlilaniiujtcitzgtTs,"  Breslau,  1S.'>'>. 
S.  IM. 

^  ./////.  d.  /'/n/s.  v..  rhrni.,  L.-ipzig,  ISOS.  VA.  XXX.  S.  IPJ. 

■■■'  Arrh.  I.   Aix'f..   /'/n/sio/.   ,^   irisscsrh.  Med.,  1 S.',:^,  S.  3. 

•'.lol.rrl.  Am,,  d.  sr.  ,nd..   P.uis,  ls77,  Zool.  (O).  tonic  v..  Art.  No    8. 

'  '•Tra»t.itiis  'I'citiu^,  do  Prsjiiratioiic  Ffctu.s  in  I'tcro  vt  Ovo,"  Oxon.,  1G74. 
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(oxygen)  and  earry  it  t*>  the  ftiitiis  ;  sit  tho  .same  time,  he  ret^ognise^^  that  tJie 
foetus  <»htiiiiis  lU  supply  iif  luitritiou  in  a  siiiular  luajmer.  TJiis  view  iif  the 
fcBtal  rei^pmitioii  wa.^  adnjitrtl  and  1  xU-iidtnl  by  Kulse^^  aiiil  hy  Kay,^  who 
:?tat«^s  his  viij"W  in  the  fnllowiii^^  wards: — "Tin'  iiiateriial  hlntui  wliirh  Hows  to 
til*'  fotyledi*ii8,  ajiil  eiii'iit  h's  the  papilla%  {uiumuiurati^s  liy  tht'in  t:i>  the  \A\kiA 
of  the  fcetiix  the  air  wherewith  itself  is  impregnate ;  as  the  water  flawing 
about  the  earneouK  iiiilii  of  the  fish*H  ^nlls  ilnth  the  air  that  in  lodgnl  therein  to 
theiu.*'  Majow's  brilliant  w«irk  wuh  alltiwrnl  U\  iln>j»  intii  obscurity^  and  the 
respiration  of  the  fo&tus  was  not  underst-<>i»d  ai^ikin  until  the  he^^dnning  of  this 
century. 

Some  physitjlogists,  and  among  them  Li*idiirc-^  and  GetiHVoy  St.  Ililairc,"* 
nuiintainetl  that  the  liqtii>r  amnii  nerved  the  purpose  of  respinitiisn  hy  thr  ^kiii 
of  the  foetus^,  llallerj''  Hunter, '' Osiauder,"  Autenrieth  imd  8*  hutz,^  Knimert,^ 
Joh.  Miiller,^"  ami  K.  H.  WtdH-r  ^'  slateii  tlnit  n«>  diHVrenee  <  tmlil  he  observed 
LTi  the  colour  nf  the  blood  of  tlie  umbilienl  arterii's  and  vein  ;  on  tlie  nther 
hanil^  Selieel/-  Iierisf«iint  and  Diest/-^  liaufh/loerpn*/^  JoHg,'^  Jeifray,^*'  and 
Bostock  ^' iiotited  that  the  hlood  ^oiii^' from  the  pLieiMita  to  the  foL'tus  was 
of  a  more  art^^rial  hue  than  that  going  in  the  opposite  direetion,  although 
there  was  naturally  not  sij  marked  a  ilistinrtion  as  iKJtween  the  arterial  and 
venous  blood  of  t!ie  adult. 

Even  as  late  as  1840  the  respimtiou  of  the  fu'tus  waa  not  uuder- 

st^vml,  for  Job.  Miillt-r/'^  the  chi»*f  pthyHiohtgist  of  the  tirae,  held  that 

plasma  fnan  the  mother  I'^t^sed  tn  the  tVrtus,  iind  hi*  >4Up]>lied  the  place 

of  reBpiratioiK     HiHchoir^^   lodked  upon  the  plaeeiitn  us  an  (Ugaii  of  the 

motherland  denied  the  oxistenee  i^i  any  speeial  ies]dmtinii ;  thin  view 

was  contested  bv  Litzuiauur^  who  held  that  the  futuH  respired  bv  the 

placenta.     Gradually,  nw  in*^  in  a  great  measure  to  the  work  of  Sebwartz,-^ 

Gusserow^^  ami  Suhultze,^^  the  truth  diseovered  by  Mayow  in  1674  was 

X'e-establiKhe*!,  ami    reeeived  a  Hual   jiroufwbrn   Zweifelr*  folb>wiug  the 

Stiggestion    of    Hoppe-Seyler,    showeti    in    187*]    that    tlie    spet  hum  of 

dixyhiemnjTlobin  canld  be  rleaily  ,seen  iu  tin*  umhiliial  emd   la  tore   tlu.^ 

crhild  breathed  by  its  lungs;  that,  by  taking  tlie  ]a'ecauti<ui  to  n]ien  the 

miterus  of  a  pregnant  nildut  in  w;inn   nt^nual  saline  solution,  and  thua 

'  QuotetJ  from  Rjiy'.s  Itofjk.  \k  TH. 

*  **Tlie  WUdoni  i\{  iUA  in  tlu^  (.  riiilicin,"  litlj  tdiLioii,  ir'tl^,  y.  71. 

»**  *"*^uotLiI  fruiii   Mi]]].r,  'Elt-mtaUol   I'livsioluirv/"  bftlvH  tninsb,   1838,   vnl.  i. 
:aip,  317,  320. 

*  **  EsiH^riau'iita  eiiva  frtkirciii  firtiis  Nrmgiiinoiii  ijtfjias  iiistitul;v/'  Tiiliiu^^j^  1799. 

*  Jrdi,/.  d.  PhtfHiuL,  Jhdl.',  LHli,  bd.  x.  S,  Vll. 

'"  '  Dr  i-tfsj^itJitiont?  fu  tiis,"  bipsiiti.  ISJ.J,  .S.  10;  ^' Haudlnn  li  drr  rhysidlni/i*?,*^  IStO, 
JJd.  ii.  a  720. 

'^*  Hildf-hrandl's  '*  Anntoiiise,"  Kd.  iv.  S.  r.2L 

^'' "  De  Ikpiuria  ariniii  a.H[Hun*^  iirtriia'  lo  taaia  InniNnnannH  luUian  rt  umi/'  nalidas 
17m 

''  Haller'a  '*  Disputatioiie??,"'  vmI.  v,  pp.  TjHj,  Ti^'l 

'^  Biehnt's  *' Aaatouiie  gi'iKTak%"  Uaae  ii.  p.  4^5. 

"  **  Dio  Zcaj^arig,"  U^ijizig,  181  Tj,  S.  '11^. 

i«i*'I)p  Placenta." 

'^  "Pbysinln^'y."  Lniidoii,  1S28,  2ui\  viYWhrn,  vol.  ii.  \k  lf»9. 

^  *'HaiidViuc'h  dcr  Phyf*iij]o^n<',"  1H4Q,  liil.  ii.  S.  729.  His  wurdn  arc:-  '* Die  von  di^ii 
BlntcenLsfteTi  ftii|^ftizog<?iiia  8afte  ihiag»?rj  sndaini  dinrt  ins  liUtt  dis  F^tus.  Durcli  tlii^e  Art 
voa  Wechi»elwjrkaiig  niit  Tiiatt<  rliehen  StiUtu  isl  hvi  tkiu  Feitus  utirli  ihis  Atlmioii  tiMetsst 
od«  ein  jEquivalont  dafUr  j^eyiU-n," 

'*  '•Eiitwickftlungytjt'.SLliichte  rl*^r  San^etlncMc  iiiirl  d^s  Mt'iisrhra,  "  1^42,  S.  .511. 

*  "Ueljer  dicSchvvatk^'tTsclmlt/'   Wagner's  '' Haiidwr»»tetl'ni"h.'" 

SI  "Die  vorzeitigen  Atbenil«evvr;^nTi;?en,"  beipzi^,  IHf*^. 

^  A  rrh ,  /.  It  mi  at  A . ,  Hi  r  1  i  i » ,  1  Id .  i  i  i . 

''^  Jnmiseht  Zt»chr.  f.  MhL  u.  yidttnr.,  Leipzii;.  lt<b  iv, 

^  Arch,/.  Uitmuk.,  UtTlin,  1876,  HcL  i.\.  S.  iiUh 
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prevent  vigoroua  tractions  of  the  uterus,  tlie  l>loo4i  in  the  umbilical 
vein  of  the  fcetue  was  brighter  tlian  that  in  the  arteries ;  and  that  the 
difference  in  colour  of  the  umbiliail  vein  aiul  arteries  dmppenre*! 
during  asphyxia  of  he  mother,  to  reappear  wlieo  artificial  respiration 
was  performed,  ]  liiger^  had  also  noticed  that  the  colour  of  the 
umbilical  vein  wa  ddish  hrown  in  the  normal  c^^mlition,  hut  becaiu** 
black  during  as].        a. 

The  results  ined   by  Zweifel  were  iMintinned  and  extended  by 

Zuntz,^  wljo  showeo  bat  < hiring  as[»liyxia  K>t  th^*  mother  the  fcetal  blood 
lost  oxygen  in  the  fjlaoentH^  the  Idood  of  the  luuhilical  vein  becoming 
darker  ttiau  that  of  the  eorreBpondin^  arterieB  ;  that  wljen  tlu^  maternal 
vessels  supidyiug  the  plaeenta  were  enrnpreHRed  Ww  iimbibeal  vein 
became  as  thirk  as  the  arteries  ;  that  a  ftPtuB  respiring  air  through  it« 
lungs  lost  oxygen  in  the  phieentii,  which  was  left  connected  with  an  ex- 
cised piece  of  X^w  uterus ;  that  during  normal  breathing  of  the  mother 
the  urabiheal  vein  coming  frmn  the  in  tact  placenta  contained  l>luod  aft 
red  as  the  arterial  blooil  of  the  uteruB,  and  that  movements  of  the 
foetus  made  the  blood  of  the  umbilical  arteries  darker  in  colour.  Zuntz 
maintains  tluit  the  oxidatiun  taking  place  in  the  ftetus  nuist  be  smalb 
for  the  dillerence  in  tbt*  colours  of  tla*  umbilical  arteries  and  vein  U 
slight,  (corresponding  to  a  iliflerciu'e  of  abiait  1  per  cent,  in  the  amount 
of  oxygen  :  mnl  the  ftclus  can  liv(^  ftir  a  lon^  time  upnn  the  oxygen  in 
its  blouil,  when  respiration  by  the  placenta  <ir  lungs  is  preventexl 
According  to  Zuntz's  estimate,  the  human  foetus  would  uee<l  daily 
0*169  gnu.  f>f  ttxygFMi  pt^r  kiln.  t}f  its  weight,  as  eomx-Ktred  with 
14-15  grms.,  the  amount  required  by  an  adult.^  Pfliiger*  and 
Zuntz  found  that  the  blood  of  the  foetus,  in  comparison  with  that 
of  an  adult,  had  a  low  specific  gravity  and  was  poor  in  corpuscles 
and  hiemoglobin ;  these  results,  however,  are  opposed  to  those 
of  Hayem,^  Hccsslin,^  Sorenseu,^  Wiskemann,^  Preyer,*  Denis,^**  and 
others,^^  who  found  higher  values  for  the  foetus  than  for  the 
mother. 

The  difference  in  the  tension  of  oxygen  in  the  blood  of  the 
umbilical  artery  of  the  foetus  and  the  maternal  blood  is  small, 
but    it    is    sufficient,    owing    to    the    intimate    relationship    of    the 

maternal  and  fcctal  circulations,  to  supply  the  oxygen  needed  by  the 

fcetus.^2 

( 'ohnstein  and  Zuntz  ^^  have  analysed  the  blood  of  the  umbilical 
artery  of  a  fcetal  sheep,  which  was  53  cm.  long,  weighed  1535  grms., 

'  Arch.  f.  d.  gcH.  Physiol.,  Bonn,  1868,  Bd.  i.  S.  80. 

-  Jlnd.,  Bonn,  1877,  Bd.  xiv.  S.  605. 

••  Tliis  is  contested  by  Wiener,  Arch./.  GifnaH\,  Berlin,  1884,  Bd.  xxiii.  S.  188.  This 
paper  ^ves  ninnerous  references  to  tlie  work  on  the  general  metabolism  of  the  fcetas,  but 
does  not  disprove  tlie  relatively  small  oxidation  in  the  fretus. 

•*  Arch./,  d.  tjes.  Physiol.,  Bonn,  1808,  Bd.  i.  S.  61  ;  1875,  Bd.  x.  S.  274. 

^  Coiiipt.  rend.  A  aid.  d.  sc,  Paris,  1877,  tome  Ixxxiv.  p.  1166. 

"  Ztschr.  f.  Biol.,  Miinehen,  1882,  Bd.  xviii.  S.  612. 

•  Jnhrrsh.  ,(.  d.  Fort^chr.  d.  Anat.  u.  Physiol.,  Leipzig,  1878,  Bd.  v.  Abth.  3,  S.  192. 

*^  Ztschr.  f.  Biol.,  Miinchen,  1876,  Bd.  xii.  S.  434. 

"  "  Speeielle  Physiol,  des  Embryo,"  Leipzig,  1883,  S.  144. 

'"  Ann.  dr  chim.  et  phijs.,  Paris,  1842,  Ser.  3,  tome  v.  p.  313. 

"  Poggiale,  Com-pt.  rend.  Acad,  d.  sc,  Paris,  1847,  tome  xxv.  p.  112  ;  Panum, 
J'irchow's  Archir,  Bd.  xxix.  S.  481.  See  also  Cohnstein  and  Zuntz,  Arch./,  d.  ges.  Physiol., 
Bonn,  1881,  Bd.  xxxiv.  S.  183. 

^■- Zuntz,  ihid.,  1^77.  Bd.  xiv.  S.  626. 

>•'  Arrh.  f.  d.  (jcs.  Physiol.,  Bonn,  1884,  Bd.  xxxiv.  S.  206,  231. 
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aad  was  probably  in  the  bist  thrt'e  weeks  of  intra-iiteriBe  life.    The  result 
was — 


Oxygen 
Curbon  *lioxide 
Kitrogeu 


6T>69  voluijies  per  cent. 
46-542       „ 
1^000       „ 


Total  gas     . 


54-211 


Compamtive  estimatioiiH  <>!'  llie  gases  in  the  umbilical  artery  and 
vein  were  also  made,  and  slmw  tliat  the  changes  imdergone  hy  thr'  blood 
in  the  placenta  are  about  oue-iuill  as  marked  a.s  in  the  bmgs  uf  an 
adult  I- — 


Oxygen. 

Cwbod  Dioxide. 

''  Artery 

fi*fl9  vol.   JLC, 

45*64  vol.  j».c. 

'    Specimens 
of     Mood 

Veiii       ,     . 

k'8ij  tlmii  11*36      ,, 

•11*82 

/       taken  kiiii- 
1       ultaiieouS' 

DiOereuce  . 

167      ,, 

4-72       „ 

J       ly. 

Ftftal      , 

Sh«f«p 

Artery  .     , 

2:j 

■1711 

Sample      of 
bkMwl  from 

Vtiii       ,     . 

d  :; 

40*5 

vein  taken 
21  miJiutt'H 

^  DifferenLC  * 

vo 

6Tp 

alter     that 
fruniartLTy, 

Adult     J 

Difference 

8*15  vol,  \hc* 

9*2  vol.  |».c. 

iHitweenvcn- 

' 

animal » ^    1 

nus  and  ar- 
L   teriftl  bloofl 

\ 

Frum  the^e  results  CohuHieiii  and  Zuntz  ca  leu  late  that  the  abaorp- 
tinu  fit"  oxvj^en  by  a  fotal  ylieej*  wei^diiuji  'M'AH)  ^ruis.  in  1'75  e.e.  jier 
uiinute,  ur,  jier  kibi.  and  minute,  040  e.c,  whiih  is  about  one-tweirtb  the 
aiii<*tint  absorbed,  weight  fi>r  wei;^ltt  uf  btniy,  ]yy  n  tull-n^ruvvn  ^hcep. 

The  respiration  of  the  embryo.  The  intuess  nf  respindinii  in  ihn 
Piulirvu  has,  owiui;  to  tlto  itattnul  dillirnllies  of  tin*  subjertj  beiMi  rhirlly  stnditnl 
in  the  i^^^^i^  of  birds  and  *»f  a  fmv  Te|itilos.  Thr  altsoiptti^u  nf  nitn»  rtciisd  '^m 
(oxygen)  thmn^di  the  |Min«us  .she]  I  of  an  t^'^*^  nudf  rgisin^f  iiiiidiiition  appears 
tr»  have  been  firnt  reef>^qii,spd  by  Mayuw,"  tint  tin*  necessity  of  respiration  in 
the  developing  embryo  was  first  shown  bv  thr  exppriniejits -'  of  varnishui^ 
the  eggw,  eovering  them  with  oil  or  warm  watiM^  ;  nnder  sneh  eondition.*^  it  wan 
found  that  the  eniliiyo  f|nifkly  ct^ased  to  devt-lop,  itiMl  died.  If  the  ini]iervions 
covering  was  oidy  ajiphi^d  to  a  ]H>rtion  i^f  llie  sln*llj  the  enihiyo  develojied,  in 
some  Cttsea  normally,  in  others  idaiormally  with  th<'  proihietion  of  defiandtie.s 
or  mouBtroKities,* 


*  Znnty^  Hmmmirs  ''  ttandlmeh/'  Bd.  iv.  TIl  2,  S.  y7. 

*  *'Tract.  qninque,"  Oxuiiii,   Um  1,  yh,  131,  :)i;i,  3il. 

^  PariH,  Ann.  Phil.,  Loudon^  IJ^-'I,  K'..S.,  vol.  ii.  p.  1;  Huuil%   Phil.    TritnH,^   London, 
1810»  p.   *il3  ;  1822,  \k  339  ;  t>an>ste,  Ann.  d,  sc.  mL,  Fhuh,  M<:Kf,  S»^r.  4.  Zofjl,  tome  iv. 

L119  ;  CompL  rrnd.  Acad.  d.  sr.^   PariK,  \S'ou,   p.  96'i  :  Maislisf],   Aftff.  2"imt^  ami  Ga-,, 
iidon,  184r>-41,  vol.   I  p,  'iii  ;    l)usiJl^^   Arch./,  ti.  tjr^.   Phif^ioL^    Honii,  1854,    Bd. 
xxjtiii.  S.  67,     II ere  other  refereiitcH  ar*'  given. 

*  tJerlaeh  and  Koch,  Bid.  VtniralbL,  Krkugen,  18S2,  Bd.  ii.  S.  681, 
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Til  AviF-s,  ScliWiiim  *  8ln*wejl   tlKvt,  when  hciifl'  egg«  aro  kept  at  a 

wami  tenifH?rADUrL^  *  gitsj-s  contfiiiunrr  an  iixygpii,  tlie  geniiiual  niembrani* 
eiilnrges,  and  th«  are  lelliicHlii  is  foniieil,  hut  no  einbryo  ;  eggn  wt>ul<l  dc*veloj> 
normally  in  Wiirnt  ai  ifter  they  had  been  in  hytlrogen  h^t  twenty-four  ht'UTBHI 
a  warm  tonrpamttire,  r  iit  not  if  the  exposure  kr  hydrogen  had  lasted  thirty 
hour«  or  moro, 

Th(^  first  dpt^ni  fttiou-n  of  the  rPKpinit<>ry  exrhange  in  pgga  ar»  due  t" 
Baudrinjont  and  M  i  Saint-Aii^'C^Hj-  win*  ^liowed  that  tlip  e^gg  of  binb  and  of 
snakes  j^avo  off  v\  w  dioxide  iliirijig  intubation,  und  ihjit  the  pnihryjM  of 
frogs  died  if  placea  lu  waU*r  free  from  air.  The  quantitative  results  ohtainf*^! 
by  these  observers  are  not  trustworthy,  owing  to  tlie  defw^tive  methcwli?  of  ga.^ 
analysifi  then  in  use.  The  firi^t  reliable  determinations  are  those  made  by 
Baumsartuer '"^  thmughnut  tlie  perioil  of  ineubatioii  of  hens'  cgga.  The  follow* 
ijig  table  gives  some  uf  the  nisulty  : — 


I>AY    OF 

iKCl-rilATtflH. 

Low  m  W«Ki 

Prwn  tht 
inctilmtJou. 

On  tlie  flay  in 

For  Oil* 

Fi^roiie  kilo. 

For  one 

For  one  kilo. 

1 

20 

'        -21 
(cluck  ftiae) 

1  a53 
10-479 

Gnu  ft, 
0125 

0*164 

0-212 

Ornia, 
0'00«l 

0-018 

0-560 

roos 

Gnnnv 
0-16 

roi 

Omi«. 
0*0074 

0^0350     1 

0'4I35 

07317 

013 
0-76 

Similar  experiments  were  made  by  Pott  and  Preycr,*  who  found  that  a  fertile 
egg,  weighing  50  grms.,  lost  in  weight  about  10-27  gnns.  during  incubation,  an 
unfertile  one  9*70  grms.,  and  an  egg  kept  at  the  temperature  of  an  ordinary 
room  1  '66  grms.,  in  twenty -one  days.  The  respiratory  exchange  of  a  developing 
embryo  in  an  egg  weighing  50  grms.  was,  for  periods  of  twenty-four  houre  : — 


Day  of  Inciibation. 

Discharge  of  Carbon  Dioxide. 

Absorption  of  Oxygen. 

i 

13 
21 

Grms. 
0-09 

0-24 

0-86 

Grms. 
0-09 

0-24 

0-68 

Pott^  also  showed  that  the  development  of  the  embryo  is  not  hastened  or 
delayed  if  the  egg  is  incubated  in  an  atmosphere  of  oxygen.  During  incuba- 
tion, it  has  been  proved  that  the  temperature  of  the  embryo,  owing  to  its  meta- 
bolism, is  slightly  warmer  than  the  temperature  of  its  surroundings.^ 


'  Arch./.  Annt.,  Physiol,  v.  vnssensch.  Med.,  1835,  S.  121. 

-  Contpt.  rend.  Acad.  d.  sc,   Paris,   1843,  tome  xvii.  p.  1343  ;  Ann.  de  chim,  et  phyn., 
Paris,  1847,  Sit.  3,  tome  xxi.  p.  195. 

^  '*  Der  Athmungsprozess  im  Ei,"  Freiburg  im  B.,  1861. 

*  Arrh.f.  d.  (jcs.  PhtjHioL,  Bonu,  1882,  Bd.  xxvii.  S.  320. 

^  Ibid,,  1S83,  Bd.  xxxi.  S.  268. 

®  Bareiispruiig,  Arch.  f.  Anat.,   Physiol,   u,  tvisscnsch.  Med.,   1861,  S.   126.     See  also 

'*  Animal  Upat;  "  this  Tpxt-liook.  vol.  i. 
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In  connection  with  the  res|iiniti<ni  nf  the  <-ijihry<*  cliick,  it  is  iuterea^tiiig  u> 

fiad  that  the  air  c:< 111 Uitied  ill   thi^  air  chaiiiht-r  of  tlu^  e^^g  has  been  .Htateil  t^) 

liave  a  greater  pereentuge  of  oxyp^n    than    that    [iresent   in    the   almoetphere. 

T}iU8  Bischof  *  fonnii  *J3"475  vohnnes  per  eeiit  as  the  mean  of  fuiir  analyses,  and 

Diilk  -  obtiiined  in  ohl^  case  25 "20,  in  anotlier  case  26-77  )»*r  rent,  of  oxygen. 

Hiifuer,"'  however,  hsu*  repeateil  and  exlenderl  tlje.se  olLscrvatioiTs,  and  fcmnd 

tlie  foUowiiig  eoni|)oKiti(>n  in   the  air  renmvetl  from  twelve  eggs,  nninenbatetl, 

ami  a  few  weeks  old: — Oxygen  IH1)4,  nitrogen  7*Ji>7,  and  earlxm  dioxide  1'09 

ri>hinies  jier  cent;  and  in   the  case  of  twi>  gCH>se  eggs,  incnbiited  fi>r  sixteen 

days,  oxygen  1 9*58  and  1£)"85,  nitro^^en  79'55  and  7862,  earl>ifn  dioxide  0'87 

4iiii    1-53   volumes   fier  cent.;    these    eggs    showed    nr»    traee   ui  an    embryu. 

-Hxperiment^  were  nlsti  made  njwai  the  nite  f>f  ditiusi«>n  of  gases  tbrougli  the 

e^^-i^hell  and  the  shell-inenil>rane,  and  it  was  found  thivt  the  rates^  id  iliUVision 

of  the  diH'erent  g.ise??  did  not  folliiw  Gnihuin's  law;  tliey  were  not  inversely 

jp-rcijKiilional  U*  the  sqtiare  roots  uf  the  densities  of  the  sevi*ral  gases. 

l>iiniig  the  |>eriod  of  incubation  taf  a  chirk  the  gradnal  development  of  the 
^iBower  of  heat  regulntifJii  can  be  traced.  At  lirst  the  endjryo  rcsjionds  Id 
^cliauges  in  external  leirqieratnre  by  a  sindlar  eliajige  in  its  respiratory  ex- 
11=:  hauge — ;i  i'A\  of  tent|H'ratnre  causes  si  drcrease,  a  rise  <jf  temperature  an 
i^ :»icreiise,  in  the  respiratory  ext  bangc  ;  then  for  a  short  time  tliere  is  an  inter- 
mediate condition  in  which  a  change  of  teniperatnre  has  no  markcil  eflect;  and, 
B«tly,  when  the  chick  is  hiitclied,  it  respmids  as  a  warm-blonded  animal^ 

If  fcinlpjleii  ami  larvae  uf  salumainlei-s  (Saktmaffha  ittanifafa)  he  i^rcvented 
Ti>n>  e^>mijig  to  the  snrface  iff  thn  wnter,  their  nietaniorpliosis  is  greatly 
prolonged,  and  if  well  ft^d  tbey  will  live  h«r  a  l<ing  time  as  purely  aipiatic 
^nimals,* 

TlIK    UksI^IKATION    of    iMFFEkKNT   (JaSES. 

Some  gjises,  such  as  hydrogen  mid  nitrogen,  have  no  spwilic  etlect 
;?hee  they  mv  re.spired,  3.nd  nnirjuils  ^applied  with  theHt!  gaBOtS  alone  die 
simply  from  want  of  oxygen.    Otln'r  ^^ases,  sueb  as  carbon  dioxide,  eurbon 
iionoxide,  nitrouH  oxide,  and  hydrogen  snlpbiilc,  can  be  taken  into  the 
ungy,  and  if  presunt   in  .sulUdent  ([uantity  are  absorbed,  ami  produce 
peciHc  efTects ;  while  a  tlnrd  class,  wueb  as  aninionia  and  nitric  oxide, 
^^Eire  irrespirable  on  account  of  their  iirilant  action  pnnlucing  spasm  of 
ikhe  glottis- 

Oacygan,^ — Soon  after  his  re-dis(io\  c»ry ''  of  ovygcn  in  1774,  rriestley  " 
-observed,  both  upon  himself  and  upon  aninmls,  the  cileet  of  brealhing 
^he  pure  gas;  in  bis  own  case  be  felt  an  aLnccable  facility  of  respiration, 
^SkXid  in  animals  he  found  that  oxygen  had  a  greater  j>owcr  than  air  iu 
^supporting  life.  Tlnisc  cx]>i*rimcnts  were  rejicated  by  Lavoisier,' 
Jliggins,^  Duniiis,^"  lieddoes/'  JL  Uavy,^-  Alien  and  Tcpys/'  and  in  Home 

^  Journ,  f.  Chmi.  h.  Phns.,  Nam  berg,  ltt2:J,  Bd.  xxx.  S.  4  t6, 
^  Ibid..  HalU',  1S30,  li<f.  Iviii,  8.  :m. 

*  An-h.f.  Pfufm>L,  Leie^^i^;,  lSf)2,  S.  4f'>7. 

*  Peinlirey,  Oonloii,  and  WariTii,  Jottru,  JitifsioL,  Cmnliridg*.^  liad  I^oiuluJi,  ]89ff  vyl. 
3trii.  |i.  3*51  ;  Penilirpv,  ihtfl,  IHl^ri,  vul,  xviii.  [.,  ;jt;L 

*  Preyer^  **Si)et'iertc  Pliy?>iolf>gie  dvs  Euibiyi>, "  l^ipzig,  LSSri. 

*  M&yow  L-an  rightly  daint  to  liaviMliseovL-red  oxygen  UUnv  1074.     Sre  hk  "TracUtus 

^  "On  Air/'  voL  ii,  p.  1«"2. 

*  Mf77L,  Soc.  It'oi/.  Mil.,  17«.i,  tomr  iii.  p.  576  ;  IfisL  J^nfL  rnu.  4. «  .,  Pam,  1789,  y.  57a. 
"  **Sliiiate^  ut  a  Siwicty,  etc.,"  Loiidon,  ]7J^r»,  |».  IN. 

lo  it  piiyi,i„]o^k'/*  Fans,  18(aj,  Ifail  trHtirai,  tonn'  iii.  \\  i>il. 

^'  **  OnFactitiuus  Airs,*'  Bristoh  I79ri,  jiart  I.  i*.  1^.  ^'^  "  KcstNircbes,"  p.  AW. 

^  PhU,  Tram,,  Lonfjon,  1808,  pp.  '2m  iiud  2S0  ;  1S09,  [i|».  115  and  1*27. 
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cases  irritant  effects,  probably  due  to  the  presence  of  impurities  in  the 
gas,  were  noticed. 

Considerable  discussion  has  arisen  concerning  the  effect  of  an  in- 
creased percentage  of  oxygen  in  the  air  breathed  upon  the  respiratory 
exchange.  Is  there  or  is  there  not  an  increase  in  the  absorption  of 
oxygen  and  the  discharge  of  carbon  dioxide  under  these  conditions  ? 
Many  observers  ^  maintain  that  there  is  a  distinct  augmentation  of  the 
metabolism  of  the  body,  others  ^  find  that  the  respiratory  exchange  of  a 
normal  animal  is  the  same  in  amount,  whether  it  breathes  air  or  pure 
oxygen.  Without  entering  into  a  discussion  of  the  numerous  con- 
tradictory answers  to  this  question,  it  is  permissible  to  draw  the 
following  conclusions: — The  normal  animal  does  not  increase  its 
respiratory  exchange  when  it  breathes  oxygen  instead  of  air,  for  its 
metabolism  is  regulated  l)y  the  needs  of  its  tissues,  and  not  directly 
by  the  amount  of  oxygen  absorbed  in  the  lungs ;  in  the  case  of  some 
diseases,  during  which  the  blood,  owing  to  diminished  absorption  of 
oxygen  in  the  lungs,  is  abnormally  venous,  the  breathing  pure  oxygen 
would  increase  the  percentage  of  oxygen  in  the  alveolar  air,  and  thus 
enable  the  blood  in  the  lungs  to  take  up  more  oxygen.  In  these  cases 
breathing  oxygen  under  pressure  greater  than  that  of  the  oxygen  in 
the  air  would,  for  a  similar  reason,  be  effective,  and  would  also  in- 
crease the  amount  of  oxygen  simply  dissolved  in  the  plasma.  It 
would  appear,  therefore,  that  there  is  strictly  no  contradiction  in 
most  of  the  experimental  and  clinical  results,  for  in  the  normal 
animal  breathing  ordinary  air  the  arterial  blood  is  almost  saturated 
with  oxygen,  and  without  doubt  contains  as  much  or  more  oxygen 
than  the  tissues  need.  This  is  certainly  not  the  case  in  some  dis- 
eases, during  which  the  patients  have  derived  benefit  from  breathing 
oxygen.3 

In  connection  with  tlie  respiration  of  pure  oxygen  or  of  air,  I'aul 
Bert**  made  the  im])()rtant  discovery  that  animals  exposed  to  a  pressure 
of  oxygen  al)ove  six  atmospheres  died  in  violent  convulsions.  This 
result  is  not  thie  to  the  purely  })hysical  eH'eets  of  tlie  increased  pressure, 
but  to  tlie  augmentation  in  the  tension  of  oxygen,  for  if  the  experiment 
1)0  made  witli  air,  a  greater  and  greater  pressure  can  be  borne,  until 

'  Allen  and  repys,  VhiJ .  Trans.,  l.oiidoii,  1808,  pp.  2«it3  and  280;  1809,  pp.  4ir>  and 
\11\  I'aui  Bt'i't,  "La  pre.s.sicm  baronu'tricpK',"  Paris,  1878,  i».  8:32.  Further  references  are 
^dvcn  by  Phillips,  '"  Materia  Medica,  Pharnia(;oh)gy,  an<l  Therai»eutics — Inorganic  Suh- 
stiinces,"  Lond<»n,  18*.»4,  2nd  edition,  p.  2. 

-■  Lavoisier  and  Scipiin,  ilisi.  Acad.  roij.  d.  sc,  Pans,  1780,  p.  fi6iy  ;  Kegnaultand  Reiset, 
^iuit.  dr  ridnt.  rf  jdiijs.,  l^aris,  18-Ji*,  Ser.  3,  tome  x.wi.  ;  Dolunen,  "  Arh.  d.  Bonner  phvsioL 
Inst.,"  180.')  ;  SjMrk,  Arch,  f.  d.  fjca.  Pfu/siol,,  Bonn,  LS71>,  B(L  xix.  S.  171  ;  Kempner, 
ArcJi.f.  riiysiol.,  Leij)zi;,',  1884,  S.  390;  Lukjanow.  ZLschr.  f.  phy.^iol.  Ch^m.,  Strassbiirg. 
18.s:5-8},  P,d.  viii.  S.  :U:5  :  Arrh.  f,  I'hijsioL,  Leipzig,  1884",  S.  308.  Sec  also  referemo 
given   hy   Phillij»s,   loc.  cif.  sftjirc 

^  Kansoine,  JA</.  <'hron.,  Manchester,  Aj.ril  1888,  May  1889;  A.  H.  Smith,  "Oxygen 
(Jas  as  a  Kmiedy  in  Disease, "  Xe\v  ^\)ik.  1870,  2nd  evlition  ;  ^V.  (J.  Thompson,  Pracii- 
fiotwr,  London.  ]8M»,  vol.  xHii.  p.  97.  At  the  end  of  this  article  is  a  li.«,t  of  thirt\'-t\v.> 
pai)er.N  on  the  suhject.  See  also  aiticle  "  Oxygt-ne  "  in  "  l)icti<»nnaire  de  thera|>eutique.  de 
matit're  iiu'dicale,  de  [iharmaeologie,  de  toxiL-olngie  et  des  eaux  niinerales,"  par  Dujardin- 
Beanniet/,  Paris,  1889,  tome  iv.  p.  101.  See  also  Phillij>^,  /ot*.  cif.  svj/ra,  and  referen<e< 
theie  given, 

''Paul  lieit.  "La  j»ression  l)arometri<iue,"  Paris,  1878.  p.  800.  See  also  Lehniann, 
Arch./,  d.  vrx.  r/ii/sioL,  Bonn,  1>84,  15d.  xxxiii.  S.  173;  Lielng,  Arch.  f.  Physiol. , 
Leipzig,  1^^!',  Suj.j*.  IM.  S.  41;  A.  II.  Smith,  "Tlie  Etleets  of  High  Atmospheric 
Pressure,  incliKling  the  Caisson  Disease,"  Brooklyn,  1873  ;  Philippon,  Journ.  lU  Vanaf.  r* 
physio/,  rfr.,  P;iris,  1894,  tome  xxx.  p^j.  296,  414." 
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&  point  19  reaehed  at  whkh  tlje  partial  pressure  of  oxygen  becomes 
dangerous  to  life.  When  the  arteriiil  blood  t^nntuiiis  a  third  more  than 
its  noi-mai  qiijiotity  ui  oxygen,  the  luetabohsni  uf  tlie  Ijody  diminiBhes 
greatly,  and  the  animal  dies.  The  following  examples  will  illustrate 
this  effect : — 
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Tlie  prai'tieol  iniportaiire  of  these  experiments  in  eonnectifiii  with  the  fiynqv 

'^oms  observed  in  men  after  working;  in  rjdssons  is  ol>viou^.      I>eliiils  uf  iruiner- 

-^us  cAiies  are  given  by  PmhI  !>ert  ^  niid  otln^r.s-  but  here  it  i,s  sultieient  in  draw 

attention   to  the  {diief   syiii|>toni^  and  eli;in;jes  observed  in  men  working  in 

compressed  air.     The  earliest  nntl  most  eonstant  syinptom   is  jjuin  and  noise  in 

the  ears,  dui?.  to  the  pref^.sinc  npon  the  tympannni  ;  rehef  is  generally  obt-suned 

by  swallowing,  ur  by  a  forced  expiratinn  with  closed  nose  and  moutb  ;  in  some 

caseR,  however,  the  tyin[»anitni  has  been  riii>tnrrd.     Tlie  respiration  is  slnwer 

and  deeper.     The  danger  to  life,  however,  eluivlly  nrcms  wbeii  the  workmen 

leave  the  cais.^:in  and  eoiiie  o\it  into  the  fresh  air  ;  the  symptunis  then  observed 

are  dne  to  the  relative  fall  in  atniospherie  pn^ssure,  ami  are  cliietly   these — 

very  painful  ib^-hing  of  the  i*k in,  painful  swelling  of  the  mn.«^cles  and  joirits^^ 

disturbances    in    loeonH^tiiin    antl    .<ensutii«n,    paralysi.s   of    thn    liiwer    limbs, 

bladder,   and  rectunij  and   more   rarely  extensive   [»aralysis,  imeoniseionsnes^, 

and  sudden  death. 


»  Loc.  eit.,  p,  369. 

*  See  wf,  ^vpii  by  Paul  Hcrt,  lor.  til.  ;  E.  H.  i^tiell,  "  ConiprcsHtti  Air  Illaess  or'so- 
called  Caisaon  Disease,"  Lonrl-ia,  1S96  ;  ilclltr,  Mag»  j%  Sdimttt^r,  CtniynlhL  f\  I'hytdoL, 
Leipzig  U.  Wieo,  1896,  No.  2,  S.  40  ;  Friedrkli  aiaJ  Tauszk,   ffitn,  kiiu.  Jtinuhdmu,  1896, 

VOL.  L— 47 
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It  is  impossible  to  discuss  here  the  different  theories  ^  brought  forward  to 
explain  the  symptoms,  but  it  appears  that  the  most  probable  explanation  is 
that  given  by  Bucquoy,^  who  maintains  that  the  sudden  fall  in  pressure  sets 
free  the  excess  of  gases  dissolved  in  the  blood  during  the  exposure  to  the 
compressed  air  of  the  caisson.  These  particles  of  gas  in  some  of  the  small 
blood  vessels  would  cause  embolism,  and  this  would  especially  affect  the  nervous 
system.  Great  suppDit  is  given  to  this  theory  by  the  fact  that  workmen  rarely 
suffer  when  the  change  from  the  compressed  air  to  the  open  air  takes  place 
gradually  by  a  slow  fall  in  pressure,  and  that  the  most  effective  treatment  for 
the  more  serious  symptoms  is  the  subjection  of  the  patient  to  compressed  air. 
This  treatment  ^  has  been  carried  out  in  cases  occurring  among  the  workmen 
employed  in  the  construction  of  the  Blackwall  Tunnel  under  the  Thames. 

In  experiments  upon  animals,  Paul  Bert  *  found  that  the  production 
of  carbon  dioxide  was  diminished  both  when  the  animal  was  exposed 
to  a  high  or  to  a  low  atmospheric  pressure.  Lowy,  however,  observetl 
no  alteration  in  the  respiratory  exchange  of  man,  \mtil  the  pressure  of 
the  air  fell  below  oOO  mm.  There  was  then  an  increase  in  the  discharge 
of  r<ar1)on  dioxide,  but  no  corresponding  increase  in  the  intake  of 
oxygen.^ 

A  gradual  fall  in  the  atmospheric  i)re8sure  acts  upon  animals  only 
by  decreasing  the  tension  of  the  oxygen  in  the  air,  for,  if  the  percentage 
of  oxygen  l)e  raised,  a  lower  pressure  can  be  borne.  In  air,  discomfort 
is  felt  when  the  pressure  is  reduced  to  half  an  atmosphere,  and  the 
symptoms  become  violent  with  a  pressure  of  250  mm. ;  convulsions, 
insensil)ility,  and  death  supervene.  The  limit  of  pressure  appears  to  Vx? 
about  200  mm.  Such  are  the  results  obtained  by  Paul  Bert  ^  during 
experiments  upon  animals,  and  they  agree  with  those  observed  upon  man 
during  jjalloon  ascents.  Thus  durin^r  the  ascent  of  the  Zinith'^  to  a 
height  of  8G00  mc^tres,  Sivel  and  Crocc-Spinelli  died,  Tissiindier  l)ecame 
unconscious,  ])\it  recovered  during  the  descent;  the  pressure  at  that 
height  would  correspond  to  2G0  mm.,  and  the  tension  of  oxygen  to  52 
mm.  According  to  Paul  Bert's  olxservations,  the  oxygen  in  the  arterial 
blood  would  be  reduced  to  10  volumes  per  cent. 

Many  Ukm trios  have  boon  ])iit  forward  to  oxi)laiii  the  symptoms  of 
"  mountain  sickness,"  Init  the  true  one  apjK'ars  to  be  tliat  of  Jourdanet,  who 
maintains  that  it  is  due  to  a  condition  of  anoxyhaMiiia,  a  want  of  sufficient 
oxvgen  in  the  blood. ^  In  these  cases  the  absori)tion  of  oxygen  by  the  blood 
would,  at  the  low  pressure  of  the  atmosphere,  Ix^  insuflicient  for  the  needs  of  the 
tissues  of  a  man  or  animal  engage<l  in  the  exertion  of  climbing.  It  has  been 
objected"''  that  this  explanation  is  incorrect,  l)ecause  there  appeared  to  be  no 
decrease  in  the  amount  of  oxygen  in  the  blood  of  dogs,  which  were  subjected 
by  Frankcl  and  (iejipert  to  a  rednce(l  j)res8ure,  equal  to  that  of  an  altitude  »)f 

'  For  fiiitli'i- details,  sfo  I'uul  I^Tt's  work,  foe.  cit.,  p.  r»20. 

-'  "  1).-  lair  coinpriin.'."  ISGI.  -^  Siit-ll,  h»:.  rU. 

•*  I.or.  cU.,  ]>]).  727,  80'). 

^  For  olisfrvations  njxdi  tlie  ollVot  of  rcthicod  at inosplitM-jc  j^ns^iire  on  respiration.  >*t 
r,.  V.  Li.l.iL,'.  Mini'-hrn.  mr>i,  irrjinsdn'.,  IS'.M.  IM  xxxviii.  S.  437:  Lowv,  Jrrh.  f. 
/VM/.S7W.,  L.ip/JLr,  1^92,  S.  .')4:.  ;  Spc.-k,  ZUcln\f.  l-lin.  Mr,/.,  Berlin,  \k\.  xii.  S.  447. 

^  *'  La  pn'ssion  liaroint'triqiie,"  Paris,  1878,  p.  7.*i5. 

'  Paul  IWn,  Io'\  rit.,  p.   1001  :  Ti.ssandirr.  Xafurc,  Paris,  187,'.,  p.  337. 

*  A  full  disrussion  will  be  found  in  Paul  Bert's  work,  he.  cit. ,  p.  3'27.  See  also  ClifTonl 
Alllmtt,  "System  of  Medicine,"  London,  1897,  vol.  iii.  j).  456.  For  the  effects  of  higli 
altitudes  upon  the  nuinl)er  of  colouied  lilood  corpuscles,  see  article  on  "  Blood,"  p.  150. 

^(Irawit-^,  JJerL  kJin.   U'rhnsrhr.,  l8l»5,  .S.  713  and  740. 
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16,000  feet  Tliirt  may  be  so  during  rest,  but  it  is  pmbable  that,  on  exertioBj 
tlie  jalower  rate  of  absorption  would  lent!  to  fi  {leficiency  in  oxygen  ;  the  organism 
accoiaraodates,  not  for  a  CAindition  of  rest,  but  for  pxertion  also  ;  it  has  a  reserve 
store  of  energy.  Thus,  a  man  witli  lunrked  aiiteniiEi,  when  lie  is  at  rest,  absorbs 
as  much  oxygen  and  i>rodnces  as  miiuh  « arhm  dioxitle  aa  ti  healthy  man  at 
rest»  but,  directly  marked  exert ii>n  is  necessary,  tlie  aiiieniic  subject  becomes 
breath !es.H  ;  be  has  m*  reserve  upun  whicli  to  draw  durhig  the  greatly  aug- 
mented metaK^lism  whieh  accomi^anies  imiseular  work. 

Nitrogen, — ^Tlus  »,^aH  aiJpeai-H  to  he  ijuiLe  inactive,  and  an  animal 
ctmtined  iu  it  tUes  frnm  want  of  oxygen.  Tlie  same  Beems  to  he  true 
for  argon.  Nitrogen  containing  5  per  cent,  oxygen  was  found  by  8ir 
George  Johnson  ^  to  proiUice  satisfactory  anaesthesia  in  man  within  a 
minute;  this  result  in  also  to  he  attributed  to  want  of  oxygen. 

The  question  of  the  absorption  or  disehar^e  of  nitR>gen  liy  the  kings 
bas  been  di^eussed  in  another  part  of  this  work. 

Hydrogen. — Xumerous  exi)erinients  have  lieen  made  upon  the 
etfects  of  respiring  hydrogen,  and  tlie  general  eonelnsion  is  that  it 
produces  no  Rpecific  etilect,  lint  acts  only  by  tlie  exelusion  of  oxygen.^ 
Lavoisier  ami  Seguln  fmnid  that  guinea-pigs  respired  in  a  normal 
manner  in  a  mixture  of  equal  parts  of  oxygen  and  hydrr^gen,  and  similar 
results  were  obtained  upon  dog^^,  rabbits,  and  frogs  by  IJeguanlt  and 
fojset.  Many  enld-hlooded  animals  ean  live  for  several  hours  in  j>ure 
hydrogen.^ 

Carbon  dioxide. — This  gas  in  an  undiluted  state  is  irrespirable  on 

account  of  the  spasm  of  the  ghittis  which  it  (iccasions,*  but  when  buHi- 

cientlj  diluted  with  air  or  oxygen  it  ean  be  respired,  and  produces  hejid- 

ache,  slight  giddiness,  drowsiness,  anil  hyporpnu'a.     Some  of  the  earliet^t 

experiments  with  this  gas  were  made  l»y  rriestley,^  wJio  found  that  eats 

<lied  from  sufloeation  wlien  jdaced  in  caiboii  tlioxide,  nnd  l^utterHies  when 

iield  over  the  ferinenting  hqnor  in  a  lirewery  lieeume  motionless  in  a  few 

Xninutes,  but  revived  on  being  brought  into  tlie  fresh  nir.     Since  that 

time  numerous  cx|)erimentH  have   been   ma*le  by  dilferent  (>hservers,^ 

^?fipecially  by  Paul  lk*rt,  whose  residts  will  be  mentioned  hikn\     ISrown- 

^equard  and    fl^Vrsonval"  state   tbnt    Ibey  were   aide   to    lueathe   air 

^z?oiitaining  20  i>er  cent.  <»f  pure  carbon  dioxide  for  two  Iti>Tus  without 

^^nv  marked  distress,  hut  it  is  proljiible  Had  lliere  was  some  ermr  in  this 

^r:>b8ervation,  for  Hahlane  an<l   Lonain  Smilli*  found  tliat  when   they 

"•Dreathed  air  containing  18<>  per  t'cnt.  <-f  this  gas  the  following  efVeets 

^^?ere  produced  within  w  mitinte  or  two — hy]>crpno'a,  distress,  tiusbing, 

^zjyanoBis,  and  mental  coniusion,     Hatdane^  has  furtlicr  investigated  this 

^^iS^  in  conneetirai    with    the    sutlbcutive  gas   iouiid   in    wells   and    the 

*"*  black-damp  "  of  mines. 

*  La}icti,  London,  IS^l,  vu!.  i. 

=  Scbi;ek%  "On  Air  aii>i  Firp,"  tnins.  I»y  FoihUt^  Lwiilon,  1780,  ]>.  \M  \  Fontaiia, 
^^hil.  TrftiiA  ,  London,  177!i,  vob  Ixix.  ]k  ^-\7  :  Jttnnt.  d*  phij»,f  Paris^  tonif  xv.  p.  99  ; 
X^ilatre  de  Kuzier,  ihitf.i  tome  xxviii.  |*.  42,"^  ;  Lavoisier,  lUd.  Arad.  rmj.  f/.  jfr.^  Paria,  17Slt, 
Xk»  574;  H.  Davy,  *"  llL^iicarchcs,"  ji.  Mt^  ;  Allan  luui  i'fpv>*>,  JVit/.  Trans,,  Loudon,  lS09j 
l-i.  421. 

'  SpalknJ'AUJ,  EdwiirdH,  Johnnnts  Mijll-r.     8te  this  artirlo,  ]*   78L 
*Pilatre  de  RoziiTt  Jmtt^tt.  de  phy^,,  Paris,  tnnic  xxviii.  i*.  422. 

*  Phil.  Ttans,^  Tx>ndon,  1772,  vol.  Ixii.  \\  147, 

^  Fur  referencing,  si-e  Bencdiecnti,  Ajrh.  /.  PfiffsioL,  Ltijtdg,  ISPiS,  S,  408, 
^  CompL  Tfml  Arad.  d.  <.r.,  Vnrh,  IK6^\  11th  Vvh. 

*  Jouni.  Path,  and  iJfirferifA,,  Efbn.  and  LfiTidon*  1SR2,  vob  i,  p.  175. 

*  Tran-f.  /W.  InM.  of  Miiiifitj  Fuf/iU'ers,  LSt>5,  vol  viii,  \k  549.   "  The  Causes  of  Death 
in  Colhery  Esplo»ioiis,"  GoverDuieut  Blue  ISook,  189G. 
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Speck  ^  found,  when  he  breathed  a  mixture  of  gases  containing  11*51 
per  cent,  of  carbon  dioxide,  that  528  c.c.  carbon  dioxide  were  absorbed  by 
the  blood  in  a  minute,  whereas  under  normal  conditions  230  c.c.  of  that 
gas  would  have  been  discharged.  In  a  dog  Pflliger  ^  found  that  there 
were,  under  normal  conditions,  29*8  volumes  per  cent,  carbon  dioxide  * 
in  the  arterial  blood,  but  56*8  volumes  per  cent,  after  the  dog  had 
breathed  for  one  minute  a  mixture  containing  70  per  cent,  oxygen 
and  30  per  cent,  carbon  dioxide.  Zuntz  *  observed  an  increase  to 
89*6  volumes  per  cent,  carbon  dioxide  when  a  dog  breathed  for  one 
minute  and  a  half  a  mixture  containing  36*9  i^er  cent,  carbon  dioxide. 

Numerous  experiments  were  made  by  Paul  Bert  ^  upon  the  action  of 
this  gas  upon  different  forms  of  life.  He  found  that  a  percentage  of  13*5 
to  17  was  fatal  for  reptiles,  24  to  28  for  sparrows,  and  30  or  more  for 
mammals.  When  the  air  contained  30  to  40  per  cent,  of  carbon  dioxide, 
death  resulted  owing  to  the  high  tension  of  the  gas  in  the  blood  ;  thus  in 
some  dogs  the  percentage  of  carbon  dioxide  in  the  arterial  blood  was 
116,  in  the  venous  blood  120.  Complete  insensibility  could  be  produced 
long  before  any  danger  to  life  arose,  and  thus  the  gas  mixed  with  air 
or  oxygen  could  be  used  for  the  production  of  anai-sthesia.* 

Carbon  monoxide. — The  physiological  action  of  this  gas  is  of  the 
utmost  practical  importance,  since  it  is  every  year  the  cause  of 
numerous  deaths  in  cases  of  poisoning  from  coal  gas,  the  fumes  of  kilns 
and  coke  fires,  and  in  tlie  air  of  coal  mines,  especially  after  explosions. 
Although  it  has  long  been  known  that  carbon  monoxide  is  poisonous, 
it  was  about  the  year  1857  that  Claude  Bernard  ^  and  Hopi)e-Seyler  ® 
first  pointed  out  that  the  carbon  monoxide  displaced  the  oxygen  of 
the  blood  by  forming  a  more  stable  comiiound  with  haemoglobin,  and 
thus  brought  about  asphyxia.^  The  action  of  this  gas  has  been  studied 
by  many  observers.^® 

The  most  recent  investigations  are  those  of  Haldane,^^  who  has 
experimented  both  upon  himself  and  upon  mice.  The  following  are  his 
chief  conchisions : — The  symptoms  ])roduced  in  man  do  not  becimie 
sensible  until  sufficient  carbonic  oxide  has  ])een  absorbed  for  the 
corpuscles  to  become  about  a  third  saturated  :  with  half  saturation  of 
the  corjjuscles  the  sym])toms  become  urgent.  The  symptoms  are  due 
solely  to  (leticiency  in  the  percentage  of  oxygen  in  the  blood,  and  are 
similar  to  tliose  ex])erienced  by  mountaineers  and  balloonists  at  high 
altitudes.  The  time  required  for  the  symptoms  to  appear  in  different 
animals  is  proportional  to  the  res])iratory  excliange  ])er  unit  of  body  weight, 
and  is  about  twenty  times  as  long  in  a  man  as  in  a  mouse.  Hence 
it  is  possible  with  safety  to  use  a  mouse  as  an  indicator  of  the  presence 
of  poisonous  proi)ortions  of  carbonic  oxide  in  the  atmosi)here  of  a  coal- 

^  Cmtralhl.  f.  d.  rncd.    IFissrnsrh.,  IV-rliii,  l87t),  No.  17. 

2  Arch./,  rf.  rjes.  PlujsioJ.,  Bonn,  1>G8,  Pxl.  i.  S.  103. 

^  Measured  at  0    and  1  in. 

''^Arrh.f.  <i.  grs.  PhiisloL,  lionn,  1S88,  lid.  xlii.  S.   108. 

•''  *'  La  ])iession  baronietrique,"  Paii«,  1S78,  p.  982.     Tliis  article,  i»i>.  713-15. 

I;  See  al^o  (ireliant,  Cumpt.  mid.  Sor.  de  bioL,  Paris,  1887,  \\  542. 

'  "  L<-e(>ns  sur  les  etlets  des  .sviltstanfcs  toxiqiies  ct  nu'dieam«*ntcuses,"  Paris,  1857,  p. 
184  ;   "  Lfoons  siir  les  liquid's  de  ror^^aiiisine,"  Paris,  ls50,  tome  i.  ]>.  3G5  ;  tome  ii.  p.  427. 

*"  Virrhou-'s  ArrJuv,  Bd.  xi.  S.  228  ;   IM.  xiii.  S.  104. 

'■'  Tliis  Text-l)Ook,  article  "  Hii-nio^^lobin." 

1'' Gaf^lio,  Arch.  /.  cxpcr.  Path.  u.  PhnnnakoL,  Leij./.ig,  1887,  B<1.  xxii.  S.  233;  Grul'or. 
Arch,/.  Uyj.,  Munelien  n.  Leip/i.t(.  1883,  Bd.  i.  S.  115;  Welitschkowsky,  ibid.,  S.  210; 
Fokker,  ibid..  S.  5()3  ;  Orehant,  "  Les  j.oi.sons  de  I'air,"  Paris,  1890. 

^'  Journ.  Physiol.,  Cambridge  and  London,  1895,  vol.  xviii.  j».  430. 
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me.  Distinct  symptoms  are  produced  l>y  air  containing  '05  per  cent* 
I  the  gas,  and  ui-gent  symptoms  witii  '2  per  cent  The  poisonous 
liction  diminishes  as  the  tension  tif  nxygen  increasef?^  and  vice  vcrmd.  At  a 
Dsiou  of  two  atmaapheres  of  oxygen  this  poiHoiiou.s  action  is  abolifihefl 
the  case  of  mict\  and  this  ilisuppearanco  of  tfie  pnisnnons  action  is 
ue  to  the  fact  that  at  high  teasinns  <if  oxygen  tho  animals  can  dispense 
tirely  with  the  uxygeu -carrying  funetioii  of  hiemoglobiu,  and  t-an 
btain  enough  oxygen  from  the  gas  dissolved  in  the  plasma  of  the 
lood. 

As  regards  the  gases  of   the  l^lood.  after   poisoning   with   carbon 
monoxide,  Grchant^  found  that  100  c.c.  of  blood  from  the  carotid  of  a 
oisoned  dog  contained  0  c.c,  of  oxygen,  303  c.c.  of  carbon  dioxide,  and 
0  c,c.  of  carbon  monoxide ;  whereas  a  sam]>le  of  blood  taken  before  the 
administration   of  the  gas  yielded   19*5   c.c,  of  oxygen  and  44*2  c.c,  of 
rbon  dioxide.     The  following  figures  show  the  effect  of  different  doses 
t  earlxm  monoxide  upon  the  gases  of  the  blood  of  dogs  poisoned  by  the 


Ouu  or  Blood. 

CO  III  IvaiTRXD  Air. 

CO^ 

0,. 

N. 

00. 

1  in  1000  . 

28^9l>.  ct. 

122  p.  ct. 

1-5  p.  ct. 

6 '5  p.  ot 

1  „  2000   . 

51-8    „ 

15-6    „ 

1-fl     „ 

2-8   „ 

1  „  3000   . 

42-2    ,, 

18-4    „ 

1-8     „ 

1-7   ,. 

1  „  4000   .        . 

40-4    „ 

21-6   ., 

1-6    „ 

1-3    „ 

The  administration  of  small  doses  of  car}>on  monoxide,  enoxigh  to 
produce  nnconsciousness,  ciinses  a  marked  reduetion  in  the  respiratory 
exchange  ^  of  a  monse,  and  its  temperature  falls. 

According  to  GagUo,^  carbon  monoxide  present  in  the  blood  ia  not 
)xidised,  but  St.  IVIartin*  states  that  it  is  slowly  oxidised  in  the 
presence  of  oxyhainoglobin.  The  compound  of  this  gas  with  ha^mu- 
jlobin  is  partly  dissi^^iated  in  suu light/'  but  upon  these  points  more 
letails  will  be  given  in  the  discussion  u]xtn  the  gases  of  the  blood- 

The  respiration  of  air  vitiated  by  breathing.— Tlie  air  vitiated 

by  respiratir»u,  as  in  overcrowded  rtjoms,  is  dtstluetly  unwholesome,  but 

llhe  causes  of  this  deleterious  action  are  not  simple,  but  may  arise  from 

substances  given  off  either  from  the  Inngs  liy  respiration,  from  the  body 

[by  perspiration,  lU'  from  the  injurious  products  of  disease  or  tilth. 

Even  as  early  as  1674,  Mayow^  tiad  stated  that  an  animal  died  if 

cept  in  a  limited  quantity  of  air,  liceause  it  had  used  up  the  respirabie 

Iportion,  the  nitro-aerial  gas  (oxygen) ;  he  further  pointed  out  that  re- 

Bpiration  and  combustion  produced  similar  changes  in  the  air.     About 

le  year  1726,  Stephen  Hales  ^  observed  by  experiments  upon  himself 

*  CmnvL  revd.  ^o<*.  de  Mof.,  Paris.  1892,  p.  163. 

*Haldane,  Joum.  PhyAioL,  Cainbridgo  and  London,  1895,  vol.  xviii.  p.  430. 
^  Areh.f,  exf^t.  Fafh.  u,  JimrnrnkoL,  Leipzig.  1S87*  Bd.  xxii.  S.  233. 

*  Ccwnj*^.  rtiuJ.  Amd.  d.  w,,  Paris,  181H,  tome  cxii  p.  1232. 

*  Halilane,  foe.  eU. 

*  **Tractatusqiiiuque,'*  Oxijmi,  1674. 
'  **  SUticd  E^ys,"  2nd  edition,  vol.  i.  p.  236  d  seq. 
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that  the  "  noxious  vapours  "  produced  by  repeatedly  breathing  the  same 
air  could  be  removed  by  potash,  and  the  air  rendered  fit  for  respira- 
tion. A  few  years  later,  Black  ^  showed  that  the  "  noxious  vapours  " 
were  carbon  dioxide. 

The  importance  of  the  several  factors  mentioned  above  has  been  differ- 
ently estimated  by  various  observers.^  Brown-S^quard  and  d'Arsonval ' 
concluded  that  volatile  poisons  were  given  off  from  the  lungs  of  healthy 
men  and  animals,  for  they  found  that  the  condensed  vapour  of  breath 
caused  death  when  injected  into  rabbits ;  that  rabbits  made  to  breathe 
air  vitiated  by  the  respiration  of  other  rabbits  until  the  carbon  dioxide 
was  2  to  G  per  cent.,  died,  unless  the  supposed  volatile  poisons  were 
removed  by  previously  passing  the  air  over  pumice  soaked  in  sulphuric 
acid ;  that  no  bad  effects  were  produced  when  men  breathed  for  an 
hour  or  two  air  containing  20  per  cent,  of  pure  carbon  dioxide. 
The  experiment  of  injecting  the  condensed  vapour  of  breath  has  been 
repeated  by  Dastre  and  Loye,^  Hoffmann- Wellenhof,^  Lipari  and  Crisa- 
fulli,®  and  Lehmann  and  Jessen,^  but  the  results  were  negative. 

Eichardson  ^  maintained  that  breathed  air  was  poisonous,  even  though 
all  the  carbon  dioxide  and  other  impurities  had  been  removed  ;  the  cause 
he  considered  to  be  "  devitalised  oxygen,"  whatever  that  term  may  mean. 
Jackson  ®  thought  that  carbon  monoxide  was  the  poison.  From  experi- 
ments performed  upon  himself,  Angus  Smith  ^^  concluded  that  air  vitiated 
by  respiration  until  it  contained  1  per  cent,  carbon  dioxide,  produced 
distinct  feelings  of  discomfort. 

Experiments,  however,  performed  by  Hermans  "  have  shown  that 
no  volatile  poisons  are  given  off  Ijy  respiration,  and  more  recently 
Haldane  and  Lorrain  Smith, ^"-  in  an  investigation  of  the  subject,  both 
as  regards  animals  and  men,  have  confirmed  and  extended  Hermans' 
work.  The  following  are  the  chief  conclusions  given  by  Haldane  and 
LfOrrain  Smith  : — 

"  1.  1'he  immediate  dangers  from  breathing  air  highly  vitiated  by 
respiration  arise  entirely  from  the  excess  of  carbon  dioxide  and 
deficiency  of  oxygen,  and  not  from  any  special  poison. 

"  2.  The  liyi»erpnu_'a  is  due  to  exc^ess  of  eaibon  dioxide,  and  is  not 
appreciably  atVected  by  the  corresponding  detieiency  of  oxygen.  The 
hyperpiuea  ben^ius  to  appear  when  the  earlniu  dioxide  rises  to  from 
\\  to  4  ])er  (;ent.     At  a])Out  10  per  cent,  there  is  extreme  distress. 

"  .*{.  Excess  of  carbon  dioxide  is  likewise  the  cause,  or  at  least  t>ne 
cause,  of  tlie  frontal  headache  ])roduced  by  highly  vitiated  air. 

"4.  Ily])erpna'a  from  defect  of  oxygen  l)egins  to  I >e  appreciable  when 
the  oxygen   in   the  air  breathcnl  has  fallen  to  a  point  which  seems  to 

'  "  L»'('tiires  oil  Clirinistry,"  od.  Roliisoii,  Kdinliuri^li,  1803. 

-  8c<.'  MerkL'l,  Arch.  f.  Ilyj.,  Muik-Ik-h  u.  Leijtzi^',  IS'.fj,  IM.  xv.  S.  1,  where  furthrr 
refciTiicf'S  ;uv  given. 

•'  Comjd.  rrii'/.  Aciiil.  il.  sc,  Paris,  1SS8,  tome  cvi.  pp.  lOo,  lOT*  :  f'u/njit.  rnnl.  Si"\  >>> 
bio/.,  Paris,  lss7,  j).  814  ;   1S8S,  pp.  :53,  *j0,  91».  1:>1. 

•^  Ibi'L,  1888,  ].p.  43  liud  01. 

^  Wicn.  klin.   IVchnschr.,  Th-ct'inlKT  13,  1888. 

"  liulL  [I'll,  dc  thn-irp.  v\v..,  Paris,  J  88".).  No.  40.  p.  r.-J4. 

'•  Airh.'f.  llyj.,  MiiiiclHJii  u.  Leipzig.  1890,  I'.<1.  x.  S.  3«;7. 

^  Brit.  Mid.  Jourit.,  London,  1800,  vol.  ii.  ;  CIttin.  .W/'x,  Lonrl(»n,  vol.  Iv.  p.  2ri3. 

'-^  "Proc.  Physiol.  Soi-.,"  Di-eeinbcr,  \Xb7,  in  Jvurn.  rinj.^iiA.,  C;inil»ri(lgi' Aiid  Lond.'n, 
vol.  i.v. 

1'^  **Air  and  Ifain."  p.  130. 

^'  Arch./.  Hii'j.,  Mimchcn  u.  Loipzii^,  1883,  Hd.  i. 

^-  Jouni.  Path,  (ok^  JJartrriol.,  Edin.  and  L«Hidon,  1802.  vol.  i.  ]).  17;'). 
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differ  in  different  individuals.  In  one  case  the  hyperpuam  became 
appreciable  at  about  12  per  ceut,  and  excessive  at  about  6  per  cent/' 

These  uliservens  aLso  point  nut  tbat  tbe  odorritis  sul^atancea  arising 
from  want  of  cleanliness  of  tbe  IkjiIv  or  tbe  rooni,  are  also  causes  of  the 
discoijifort  experieneed  in  brea tiling  the  air  of  an  overcrowdeil  room- 

Hie  causes  of  asphyxia  in  a  limited  quantity  of  air.— A 
warm-bluoded  animal  coniiut^d  in  a  liunted  cpiantity  of  air  soon  givef^ 
signs  of  discomfort;  it  becomes  restless,  breathes  more  rapidly,  and 
soon  pints  for  breatfi.  This  stage  is  fiutceeded  by  one  durin^r  winch 
tbe  animal  is  quieter,  breathes  more  slowly  but  more  deeply  :  it  liecomes 
leas  sensitive,  and  (alls  dnwn;  agunisiug  efforts  are  nuide  to  breatlie,  the 
nostrils  are  dilated,  ami  the  muulli  is  open.  The  animal  now  becomes 
uticonscioua,  its  pupils  are  dilated,  it  gives  a  few  slight  and  irregular 
respirations,  it  is  seized  by  convulsions,  and  then,  after  a  slight  i>ause,  its 
limbs  are  stretched  <nit  w^ith  a  convulsive  shivering  mo^•ement,  its  head 
is  thrown  hack,  ami  it  dicR. 

The  general  [ihenomena  of  asphyxia  are  ik'scribed  elsewhere  in  this 
work  'J  here  it  is  necessary  to  consider  oidy  the  ehenueal  changes  in  the 
air,  the  alterations  they  produce  in  tbe  reBi»iratory  exchange  of  tbe 
auimal,  and  how  they  cause  its  death.  I- ]>on  these  questions  numerous 
experiments  have  Iw^^en  made.^ 

The  duration  of  life  in  a  limited  ([uantity  of  air  tlei»eiids  upon 
various  conditions,  sucii  as  tbe  amoinit  and  temperature  ul  tlie  air,  the 
nature  and  age  of  tlie  ainujaL  Tlie  iVilbiwing  taljle  of  some  of  Paul 
Bert's  ex]ieriments  will  lUustiate  the  influence  of  some  of  the  above  con- 
ditions, and  will  show  the  cuuqiositiun  of  the  air  at  the  time  of  death :— 


AnijnaJ. 

lun-  of  Air. 

VoIUTUP 

at  Air. 

iniratiun  of  Life. 

Percentaifp  C"rinTM>9t- 

tlon  of  XiT  at  tbe 

time  0/  l>ealh. 

o». 

CO.. 

Mammals— 
Cftt,  ISfjO  grriia.      . 
Kitten,  b  ilnyw  old,   130 

25^         1 

r*000  r.v. 
1000    „ 

25  iiiin, 
U  tiMi^hrs. 

2V 

17-1 

Kitten^  24  hours  uia,  125 

ir 

435    „ 

1  lir.  15  in  in. 

3-0 

U^S 

grnis, 
Hcdgeliog,    youijg,     115 

2.-. 

1500    ., 

1  hi\  15  luin. 

4*0 

11-0 

Doraiouw,    liiljcniatin^, 

VI' 

3S0    ., 

Aliuut  1  day 

2-i 

14-6 

60  gruis. 
lUt,  white,  llSgrrns.     . 
It         ti       1^5     If 

„         „         adult 

>,     three       days      oM, 

30-3I> 
2,V 

45V>    ,, 
ItiOO    ,, 

JOOO    ,, 
lOU    ,, 

32  mil]. 
|V;tweeii  2  niitl 
a  iii-s. 
20  Tlaill. 

Mort'  than  (J  hr^. 

3  0 

lis 

075 

110 
17*8 

17-0 

5  grms. 
Rabbit,  jouDg,  200  grnia. 

25^ 

GOOO    „ 

Alivoluit  in.'^enai- 
l»le  after  6  hrs. 

1-9 

13-4 

Spftrmw,  23  grms. 
Finch  ^  25  grins. 

300    ,, 
^28    „ 

1  hr. 
21  min. 

2  8 

6-0 

13 -3 
12*4 

^Article  **  Mmhuiii'iTii  f»f  UeKidintiun,"  tiiiH  Tixi^ook,  vul.  ii. 


'Article  **  Alinhulii'iTil  f»I  UL'ShiiiiOun,     tlilH  lixl  hook,  vul.  11. 

^  EdwartiKi  '*Do  n^ttutuoe  tits  ttgions  ]4tyBiijijes  si;r  U  vk%"  Paris,  1824;  Cdlard  do 


744 


CHEMISTR  Y  OF  RESPIRATION, 


Before  any  conclusions  are  drawn  from  the  results  given  in  the 
foregoing  table,  it  will  be  advisable  to  consider  the  cause  or  causes  of 
death  in  these  cases  of  asphyxia.  Do  the  animals  die  from  a  want  of 
oxygen,  or  are  they  poisoned  by  the  accumulation  of  carbon  dioxide  ? 
In  order  to  answer  this  question,  experiments  have  been  made  on  the 
duration  of  life  of  animals  confined  in  air  containing  an  excess  of 
oxygen,  or  an  excess  of  both  oxygen  and  carbon  dioxide.  Many 
observations  have  been  made  by  various  physiologists,  but  the  most 
complete  are  those  of  Paul  Bert.^  The  following  table  gives  some  of 
his  results : — 


An  Atmospliere  containing  an  Excess  of  Oxygen, 


Animal 

Tempera- 

Volume of 

ture  of 

Gasesi. 

Oases. 

Warm-Blooded- 

Cat,  young,   250 

25" 

1800  c.c. 

grms. 

Rat,    adult,     80 

14^ 

500  „ 

^rms. 

Rat,  6  weeks  old, 

25^ 

555  ,, 

50  grins. 

Rat,  4  days  old  . 

22' 

120  ,, 

Rabbit,     young, 

22^^ 

1400  ,, 

20(»  gmis. 

Sparrow,    \-oung 

25^ 

750  ,, 

Cold-Hloodhi) —     1 

Grass  snake        .     1 

1     875  , 

On'V  li/ard 

27-29^ 

570  , 

Toad 

G  -7^ 

'     400  , 

1  "■'"'^'     ■     ■  1 

6-7' 

400  . 

Percentage 
Composition  of 

Oases  before 
the  Experiment 

Duration  of  Life. 

Compoation  of 

Gaaea  at  the 

time  of  Death. 

o,. 

N. 

CO,. 

o.    1 

55-5 

44-5 

3  lirs.  25  min. 

31 

16 

77         23 

1  hr.  45  min. 

20 

50 

66          34 

2  hrs. 

29-5 

26 

81          19 
71          29 

18  hra.  30  min. 
More  than  5  hrs. 

28-5 
43-5 

11 

76      j   24 

More  than  5  lirs. 

29 

77 

71) 

100 

100 

23 
21 

... 

8  days 
70  hrs. 
7  days 

9  days 

13-5 

15-7 

17 

13-7 

61 

81 
8 

A  (•oiisidfiatiuii  of  the  following  results  loads  to  the  conclusion,  held 
l)y  Mayow  -  as  varly  as  1G74,  tliat  a  wanii-))loo(lcMl  animal  confined  in  a 
liniitLMl  ([uantity  of  air  dies  from  the  want  of  oxygen,  and  this  con- 
clusion is  snj)])ort(Ml  hy  the  fact  that  its  hlood  is  markedly  venous 
and  contains  litthi  or  no  oxygen.  The  percentages  of  oxygen  and  of 
carbon  dioxide  in  tli(»  air  at  the  time  of  death  are  about  o  ami 
15  i'es|>e(ti\('ly.  On  the  other  hand,  when  there  is  in  the  air  an 
ahnoi'innl  excess  of  oxygen,  and  at  the  same  time  a  great  augmenta- 
tion of  carbon  dioxide,  the  warm-blooded  animal  dies  from  |>oisoning 
with  carbon  di<jxide,  and  here  n^ain  the  conclusion  is  strengthened  bv 


Maitiuniy,  .l/W/.  <r'ii.  de  hnJ.,  Paris,  1S27,  tf)iiio  .\iv.  j).  203;  Snow,  Ediji.  ^f^■^L 
Joitrii.,  lStr>,  vol.  Ixv.  ]>.  IW  ;  (Maudr  liernard,  ''Le^-oiis  sur  h'H  efFcts  dfs  substanots 
to\i(jii»'s  it  iiit'dic.'iinc'iitcux's,"  Paris,  1  S57  ;  W,  Miillcr,  Ann.  d.  Chem.  u.  Phann.y  1S5S, 
lid.  cviii.  S.  257  ;  Valentin,  /^tsrhr.  /.  rot.  MoL,  1861.  B<1.  .\.  S.  83;  Boaii,  Arch.  g^n.  dr 
m/d.y  Paris,  IST.O.  S.-r.  5.  tonic  xvi.  p.  64  ;  1S64.  Ser.  6,  tonic  iii.  p.  1  ;  Paul  Bert, 
"  Lev'ons  sur  la  ])liysio].  com]),  dc  l;i  n-spiratioii,"  Paris,  1870,  ]>.  510. 

^  "  Lccons  siir  la  ]»hysiul.  conqi.  d»^  la  r»'sj>iration,"  Paris,  1^70,  p.  518. 

-  "  'J'raetatus  quinque,"  Oxonii,  1674.     S(!e  also  this  article,  p.  741. 
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the  (act  that   the  blaad  of  the  aiiimal  m  geiierall}^  arterial  in  cr>lour.^ 
The  fatal  amount  of  carbon  dioxide  appears  to  he  ahont  25  ])er  cent. 

An  Atmosphere  coniainintj  an  Exce^  of  Oxygen  and  of  Carbon  Dioxide. 


Aninml. 

turt^of 

Volutiif  of 

Composition 
of  OMeii  before 
the  Exiitrimcnt. 

Duration  o(  Life. 

Composition 
ot  U^mn  at  the 
time  of  Death. 

0., 

CO,. 

CO.. 

0. 

W  A  tiM  -  B  LOO  D  E  D — 

Kat»  1  month  old. 

25'' 

550  C.P. 

90 

10 

4  lirs. 

22-5 

77-5 

'62  fprxiia. 

Rat,  1  month  old 

25° 

6m  ,, 

75 

25 

20  Tiiin, 

2n-5 

73-5 

Kat,   a  daja  old, 

25- 

K»0  ., 

80 

20 

More  than  r»hi's«. 

29-:* 

dgnna. 

Moiue,        joQDg, 

22' 

235  „ 

do 

10 

More  than  5hrs. 

24-5 

COLl>-BLCW>DEi>— 

Grey  lizard 

2f."-29 

5f.O    ,, 

90 

10 

26  lirs. 

18 

... 

Frog    .        .        . 

25^-29' 

f«&0   ,, 

90 

10 

20    „ 

17 

In  the  cold-blooded  animals  a  marked  difference  is  observed ;  deatli 
in  such  ex  I  )eri  in  en  ts  is  geiienilly  dne  to  an  excess  of  carbon  dioxide,  and 
the  fatal  pureeut^age,  about  IG,  is  niiieb  lower  than  in  tlie  ease  o'i  the 
warni-blooded  animals. 

Iinportaiit  dilierenees  have  alsit  been  obt^erveti  i>y  Edwards'-  and 
Paul  liert^  in  the  dnratinn  nf  life,  nntler  wnter,  id'  aiiimals  of  dillV^rent 
species*  and  in  aoinials  of  the  same  sperie?^,  but  <d*  di^Vrent  ages  and 
exjjosed  to  varions  de^o-ees  of  external  teniperatnie.     See  table  on  p.  740. 

The  importance  of  these  ob.se rvatinns  lies  in  the  fact  that  tbey  con- 
finn  many  of  the  reRolts  oblniiied  by  experirneiils  npon  the  respirabiry 
exchange  of  ditVerent  animals,  Tiin^ftn  extinnnsitinn  id'  tlie  above  tables 
shows  that  the  .small  aitinials  dir  more  quit  kly  tliart  the  big  animals, 
and  it  has  been  ]»roved  tbut  weight  for  weight  tbey  have  a  more  rajiid 
metabolism.*  Further,  a  mnrked  dilVerence  is  observed  in  hena  and 
ducks,  for  the  hitter  eim  live  under  waiter  three  or  four  times  as  long  as 
the  former.  The  exjjlanatinn  *if  tins  f:u't  is,  a<?cnrding  to  i^iul  Ilert.^  to 
Ire  found  in  the  relalivcOy  greater  *|uantity  <>f  blooil  in  a  dm-k.  A 
similar  cfaidltion  appesirs  to  <>l>ttiiti  in  th(*  seal  and  wliale,*^  wbieb  can 
l-eniain  under  water  fmni  lifteen  to  thirty  minutes. 

The  tables  also  sIhav  tfiat  new-born  animals  bnrn  helpless  and  blind 
•leeist  submersion  for  a  mneb  haiger  time  than  adults,  a  fact  kniAvn  and 
studied  by  Harvey,^  Mailer,'^  lintUin,^  ami  Legallois,^'^  but  the  duration  of 


1  Bemarfit  <] noted  fioin  I^aiil  tkrt,  ^ot*.  cU,  \u  r*22. 

*  *'l>e  rinftoenoe  de.n  agtns  iiJiysiijiu  :^  hur  la  vit>,  "  Paris,  1824,  pp,  620-632. 
^  Loc.  at.,  p.  5;i4. 

•This  article^  p.  720.     S^^e  a!so  *' Ainmal  Ifiat,  '  tlds  Toit-hook,  vol,  i.  p,  852. 

*  loe.  cit„  p.  550. 

"  Btirdach,  ** Traits  d»*  physioln^ie/'  trad,  pj^r  Jourdaia.  tomr' vi,  p.  122. 

^  **  De  Genenitione.'*  Amst.  Kjfd.  ^  ''  El«*iiieiita  pliystologiap/'  1761,  p.  316. 

*  "  Histoirf  naturclle  th  rhoiniue." 

•*  **CEuvTBfl  c!e  Legallois/'  Taris,  1H24,  toukc  i.  p.  &3. 


fEMISTR  y  OF  RESPIRA  T/OM 

me  miMisM.  rwi  iiicli  ahorteiied  when  the  temperature  of  the  water  is 

high.     The  exj^.  loti  <  »f  this  is  Un  hie  sought  in  the  fact  that  the  respi- 

ratorj  exchange;  i^i  hese  imiuatuie  aniuiab  is  relatively  small,  and  rises 

and  falk  witli  th'  >cbenial  terii|:ieratiue,^                                                    < 


Aninui.1. 


Tempei»- 

tune  of 


Mamuals — 

Dog     . 
,,    fivf*  d*y8  old 

»t  ** 

CAt,  two  month  J  old 
ft    two  d«j9  did 


Kitteti,  Tery  young 


S<»l,  1  mistrv  long 


Guinea-pig  . 

,p         mlijlt 
I,         two  to  three 
days  old 


Pi^(?ijii 
Duck  . 


0' 

ir 

ir 

26' 

sa" 


0^ 
40^ 


Dumtton  of 


Mill-  Hvv. 

A  25 

12  5 

5S  30 

4  U 

m  23 

38  45 

84  30 

29  0 

10  27 

*i7  30 


20 
18 


i5-2a 


11     30 


2    58 

*i      0 
&     25 


11     17 


Renurkit. 


Obi»n'«r* 


]F^ 


Mwii  of  tlirec  experinienta, 
two  ti 


uine 
two 


two 
four 


Mean  of  ilx  e3t|M?rimciiU  i 
mishits  without  food  for 
prBvioua  twent|  -  fottP 
bonrBV 

Menu  of  three  expeHmeiltB ; 
rabbits  well  fe<l  pTC- 
vioutly. 

Mean  uf  tbre^  e3r]^iuputs. 


PauI  Bert. 


Idwixda. 


Bix 

"            1 

j> 

of  seven  expcrhu<!iits. 

f » 

ti 

If 

SIX 
tVlrO 

PwirBert 

Hvo 

II 

SIX 

tight 

If 
II 

The  practical  importance  of  these  experiments  in  connection  with 
the  cases  of  suspended  animation  in  children  at  hirth,  and  in  adults 
after  drownintr,  is  obvious.^ 


The  Exchange  of  Gases  between  the  Blood  and  the  Air  in 
THE  Lungs — External  PiEspikation. 


Tlie  mechanism  of  the  ventilation  of  the  Imigs  is  described  ir 
another  part  of  this  work;^  here  it  is  necessary  only  to  discuss  the 
frequency  and  volume  of  inspiration  and  expiration,  the  capacity  of  the 

1  This  article,  p.  713.     See  also  ''Animal  Heat,"  this  Text-book,  vol.  i.  p.  865. 
1'  ♦'  Pot./^-f  ..f +].»  patrol  M,,«.«.,^o  ««.,;»f^.  "  Miar.    i.    '^i 
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lungs,  and  other  factors  which  l>ear  upon  the  conipoBition  of  the  aii*  in 
the  lungs. 

The  ft'equency  of  respiration  in  man. — Under  normal  conditions 
this  could  he  readily  and  exactly  determined,  were  it  not  liable  Ui 
variations  as  soon  as  the  attention  of  the  finbjeet  is  directed  to  the 
breathing.  Apart  from  this,  the  most  important  causes  of  %^ariations 
in  the  frequency  of  respiration  are  age,  exercise,  and  temperature. 

-4//c\— The  freqneuey  of  hreatliing  decreases  from  birth  to  old  age, 
as  shown  by  tlie  followijig  table,  the  result  of  three  hundred  obscrvatioua 
made  by  Quetelet^  upon  himian  subjects  of  tlie  male  sex. 


Aqk, 

ExsniUTioas  f«r  Miawtk- 

Ma^clnjUDL 

itlnimum. 

Heikii. 

Newly 'bora 
5  years 
15-20      „         . 
20-25      „ 
26-30      „ 

ao-50     „ 

70 
32 
24 
24 
21 
23 

23 

16 
U 
15 
11 

44 

26 

20 

18-7 

160 

18^1 

I 


Im  healthy  hifauts  tbe  redjiiifttion  is  very  irrogular  in  frequency, 
and  often  of  the  IheymiStokea  tyjH}.^ 

The  average  frequency  of  respiration  in  1897  adult  males  was  found 
by  Hutchinson  ^  to  be  20  per  minute,  one-third  of  the  cases  breathed 
at  that  rate,  and  1781  between  ltj-24  per  minute. 

ExercUe  inereaBes  not  only  the  frequency  but  also  the  depth  of 
breathing.  This  Inqierpmea  i8  not  due  tu  a  tleficicncy  of  oxygen  or  an 
accumulation  of  carbon  dioxide  in  the  blood,  but  probably  to  some  pro- 
duct which  is  derived  from  the  metabolism  in  the  muscles,  and  Btimnlates 
the  reBpiratory  centre,* 

The  pbysi«jlMgie!il  exiilEiuMtiuii  of  the  eondition,  well  known  to  athletes  as 
"Ba'ond  wind/'  appears  to  bf  unknown;  during  violent  f'xoreist%  Buch  as 
rumiiog  or  rowing,  there  is,  ufter  a  tinio,  considerabli"  dyt^l'ncca,  but  if  the 
exercise  l>e  continued  this  discomfort  disappears^  sometimes  quite  suddenly ; 
the  man  1ms  now  got  \m  "  second  wind,"  and  con  continue  the  exertion  in  com- 
parative cozafort.  The  dyspnoea  in  llieiiie  cases  api>ears  to  be  partly  cardiac, 
for  the  i>ulse-rate  may  be  more  than  doabled,  hut  when  the  *' second  wind'*  is 
obtained,  there  appears  t<:>  be  a  marked  decrease  in  the  frequency  of  the  heart's 
contraction,^     The  causes  of  this  accuumiodution  are  unknow  n. 


■       *  **8ur  I'hotnnie  et  !e  d<pvelop|>ement  de  sea  facult^ia/*  PfltiH,  1835. 

*  See  Pn*yer,    *'SftecieUe  Physiologi©  cie«  Embryo/'  Jjeipziff,  1885,  S.  179;  Eckerleiu, 
Zttchr.f,  Oftmrtah,  u.  Oynak.,  Stuttgart,  1890,  Rd  xix.  S.  120. 

*  Med^-Chir.  Tratis.,  London,  vol.  xxix.  p.  137  ;  art.  *' Thorax/*  Todtl'*  *'  Cyclopwdia  of 
Auat,  and  PliysioL/'  vol.  iv.  \k  WS5. 

*  r.epprt  and  Zxinti,  Arch./.  tL  ^es.  Physioi.,  I5on».  1888,  B*l.  xlii.  S.  189. 

*  Kesult  of  a  few  observations  by  Pembrey  and  Reynolds. 
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At^iivyv.^^  'he  fi'equencj  of  respiration   is  greatly  increased 

when  the  tempeim  ure  of  the  body  is  raised  above  tlie  normal  by 
exposure  ti »  excessi  ^^e  heat,  or  by  disease ;  this  is  eapei^ially  marked  in 
the  dog,  for  thL^reb;"^  a  irmeh  greater  loss  of  lieat  by  evaprjratioii  of  water 
from  the  respiratoi  tract  is  ellected,  Richet  has  ahown  that  this  rapid 
breathing  plays  essential  part  in  the  regulation  of  temperature  in 
the  dog.^ 

The  volume  '  inspiration  and  expiration  —  Tidal  ain  —  The 
earliest  detenu itiu  ais  of  the  volume  of  an  ordinary  iunpiration  in 
man  appear  to  have  been  made  liy  Boi-elli.^  and  by  Jurin ;  ^  the  latter 
estimated  tbe  xunount  at  Go6  c.c,  or  40  eubic  inche.s.  Since  that  time 
numerous  iletenninations  have  beeii  made  with  different  methoda  The 
following  are  some  of  the  results: — 230  c.a,"*  G5G  ca,*  574  c.a,^ ' 
492  c.c.,8  278  e.e„«  328  cx.,^**  278  c.c.,i^  197  c.c.,i^  270  ac,^» 

The  causes  of  these  variations  are  due  to  differenees  in  the  caf^acity 
of  the  che^t  of  the  different  su}»jects  of  experiment,  to  individual 
differences  in  the  lu'eatliing,  and  to  imperfections  in  the  methods 
employed.  Vierordt  '*  lias  collected  the  results  of  the  older  observers, 
and  finds  us  the  minimal  eapacity  of  a  single  inspiration  53  cjx 
(Abilgaard),  as  tlje  maximal  702  c.c.  (Senebier).  From  his  own 
numerous  delermiuatioiis  Yiuror*lt^''  obtaineil  440  c.c.  as  the  mean 
volume  of  eadi  inK]nration,  with  a  frequency  of  ITS  |jer  minute. 
whereas  Sjn'i'k^'*  with  a  froquem-y  of  G"3  respirations  per  minute  found 
a  volume  of  1105^1031  cls  h^r  eaeh  inspiration. 

Hutchinson  ^^  has  collected  the  residts  of  different  observers,  who 
found  for  the  tidal  air  volumes  varying  from  49  to  1640  cc. ;  he  himself 
made  eighty  determinations  on  different  men,  and  obtained  114-196  ca 
during  rest,  and  262-360  cc.  during  exercise ;  in  one  case  the  tidal  air 
was  as  high  as  1262  cc. 

Marcet^^  found,  as  the  result  of  210  experiments  upon  two  men,  a 
mean  of  250  cc  for  the  tidal  air,  when  the  rate  of  respiration  was 
16  per  minute. 

The  discrepancy  in  the  results  given  above  is  natural ;  the  cases  ai-e 
not  comparal)le  as  regards  the  height,  weight,  age,  sex,  and  development 
of  the  different  subjects  of  experiment.  It  is  useless,  therefore,  to 
attempt  to  give  any  figure  which  shall  represent  a  true  average,  and  it 

^  Sec  **  Animal  Heat,"  this  Text-book,  vol.  i.  p.  856 ;  Mathieu  and  Url>ain,  Compt,  rend. 
Acad.  d.  sc,  Paris,  1872,  tome  Ixxiv.  p.  190. 

2  "Do  Motii  Auimalium,"  p.  2,  prop.  81. 

^  Phd.  Trans.,  London,  1717-19,  vol.  xxx.  pp.  757,  758. 

"•  Ooodwyn,  "Connection  of  Life  with  Respiration,"  London,  1783,  p.  28. 

'"^  Menzies,  "On  Kes^>i ration,"  Edinburgh,  1796,  p.  18. 

^  Kicheniiid,  "Physiology,"  trans.  l\v  I)e  Lys,  p.  206. 

'  Fontana,  Fhl/.  Traiu.,  London,  1779,  vol.  Ixix.  p.  349. 

**  Dal  ton,  Mem.  Lit.  ami  Phil.  Soc.  Manchester  y  S^r.  2,  vol.  ii.  p.  26. 

ML  Davy,  "Researches,"  p.  433. 

^*^  Jurine,  "  Eneyc.  Metroj)ol.,"  art.  "Medicine,"  vol.  i.  p.  494. 
^^  Kite,  "Essays,"  London,  1795,  p.  47. 
^'-^  Abernothy,  "Essays,"  1793,  p.  142. 
13  Allen  ancl  Pepys,  Phil.  Trans.,  Lon<lon,  1808,  p.  256. 
i-*  War^ner's  "  Handwurterbuch,"  Bd.  ii.  S.  836. 
15  "Physiol,  d.  Athmens,"  Karlsnihe,  1845,  S.  255. 

1^  "  Untersiich.  ueber  Sauerstoffverbrauch  u.  Kohlensiiureausathmung  des  Menschen," 
Cassel,  1871,  S.  31  ;  Arch.  f.  fjrper.  Path.  u.  Pharmakol.,  Leipzig,  lid.  xii.  S.  19. 

1^  Article  "Thorax,"  Todd's  "Cyclopaedia  of  Anatomy  and  Physiology,"  vol.  iv. 
p.  1067. 

18  "Pioc.  Physiol.  Soc,"  Joum.  Physiol. ^  Cambridge  and  London,  1897,  voL  xxi. 
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is  much  more  usehil  to  recognise  that  the  tidal  air  varies  considerably 
in  different  individnals,  acmrding  to  the  rate  and  depth  of  breathing. 

The  comfhmtnial  air  is  the  term  given  to  the  extra  volume  ul  air 
which  can  he  taken  into  the  hmgs  by  the  deepest  possible  inspiration. 
Its  average  value  for  an  adnlt  is  said  to  l>e  1500  c.c.  H.  Davy  gives 
1951  c.c.,^  Kite  3280,^  and  Hatfhinson  172:^-1804  e.c.^ 

Tlu  reserTc  or  sttpplemental  air  is  the  volume  of  air  which  can  be 
expelled  after  an  ordinary  expiration  by  a  forcible  and  dec])  expiration. 
This  is,  according  tn  Bostock's*  detenninations,  2(j24  c.c.  (160  culu  in.), 
while  J.  Bell^  gives  1148  ex.  (70  cub.  hh\  H,  Daw,  12G;i  c\v.  (77  cub. 
m;),Hutcliins€u,«  1148-1804  c.c,  (70-1 10  cuIl  in.), and  Vierordt,  1220  c.a 

The  remdiial  air  m  the  air  which  remains  in  tiie  lungs  after  the 
most  forcible  expiration ;  it  cannot  be  driven  out  of  the  lungs  during 
life.  The  nictliods  ^  emi>loyed  to  determine  this  volume  of  air  are  of 
two  kinds,  those  for  observatioim  on  the  deuil,  and  those  for  observations 
upon  the  living  body.  In  I  he  first  case,  the  thorax  of  the  corpse  is 
forcibly  placed  in  the  position  of  a  deep  expiralion,  and  then  the  air  in 
the  Inngs  is  measined.  Ft>r  the  dclernii nation  of  the  residual  air  of  the 
living  subject,  H.  Davy^  introduced  an  irigeinons  method;  he  found 
by  experiment  that  hydrogen  underwent  no  appreciable  cliange  in  the 
lunga,  and  that  it  quickly  diffused  throughout  the  residual  air;  he 
therefore  respired  a  quantity  of  this  gas  in  a  gasouietcr,  and  tfien  made 
a  forced  expiration,  the  air  nf  whiih  was  analysed.  From  the  quantity 
of  hydrogen  left  in  the  lungs,  Davy  ealeulated  the  trttal  (juantity  of  air 
in  the  thorax  at  the  end  of  the  forced  expiration,  and  found  it  to  be 
672  c  c.  (41  cub.  in.).  This  nietliod  has  lieen  used  by  Gruliant,^  and  in 
a  modified  form  by  Heruiann  ^^  auil  Berensteiiu^*  Several  factors  have 
to  be  taken  into  ^iccoimt,  sucli  as  the  absrjrption  of  hydrogen  by  the 
blood, ^-  and  its  diOu.sion  in  the  residual  air. 

Another  but  less  rehuble  laHiliuil  i.^  Pllii^erV  ' '  (aieumoiimneler.  The  .subject 
of  the  experiment,  |»hit!e(l  in  a  sp^n-ial  Lluiinbt'i",  keiqts  the  chest,  as  far  as 
(XJBsible,  in  the  position  of  a  forced  expiration,  the  pressure  outside  the  body 
is  then  iowere<l  by  ti  known  amount,  and  the  hni^s  (uis.sively  give  ofF  a  certiiin 
q^uantity  of  air  ;  this  volume  is  nieu-^nreil,  and  from  it  and  the  alteration  in 
pressure  the  residual  air  is  ealeulated.  The  diilieuhy  is  to  keep  tiie  eliest  in 
one  position  during  the  experiment* 

The  results  obtained  ly  thtl'erent  obsen^ers  are  given  in  tlie  btllow- 
ing  table :  ^* — 

>  "Chem.  and  Phil.  Rtiiiarks,"  [*.  410. 

'  "  Essays  and  DKscrvatiouH,  Physical  and  ifr<lirftl/'  1795,  p.  17. 

^Article  '*  Thorax, "  Todd'f*  'M.VcUtpadia  cuT  Anfl.toTfiy  finrl  Fliysiologj-, "  voL  iv,  p.  I0ij7. 

*  **  An  Elementary  Syst^^iii  of  Physiulo^^y,"  London,  'Jrirl  crJition,  1828,  vol.  ii,  p.  2.'». 

*  **  Anatomy,*'  vol  i,  p.  ^%^. 

*  '*  Ptiysiologie  den  AtlnniiiN,''  Karlsndir,  184*1. 

*  For  J'lirther  d*^tai!a  of  ditrerriU  UHlltoflM,  mo  Jncolisnn,  **Beitragp  zur  Ynx^c  njicli  drm 
Beitr,  der  Residualliuft/'  iJisH.,  Koij];^;sl>prg,  1887;  ami  BeRrnsU-in,  "  Ein  Beitr.  z»  Bestim- 
mungder  ReHidualluft,"  Diss.,  r)oj[nit,  l^til, 

*  **Reaearcl]L>fl  cnncvrnin^  Ninmis  Oxide,"  LnndMii^  1800,  p.  3fi9. 

*  Compt,  r^nd.  jfrad.  d.  *'.,  Paris,  lS(i2,  tr>Tm'  I  v.  p,  271* ;  Journ.  dr  tanat  ft  phyuhL 
etc.,  Vans,  18^4,  tmnv  I  p.  .023. 

^^  *'Lehrhudi  drr  Physiol.,"  Bprliti,  ISDG.  Atdl.  11,  S.  120. 
"  Arch.  f.  d,  *fcs.  Phusid.,  B.mjti,  181H.  VA.  L  S.  rStJa. 
^^Zuntz;  Hermann'^  "  Handlmcli,"  Bd.  iv.,  Th.  2,  S.  102, 
«  Arch,/,  d,  ges,  PhysioL,  Bonn,  1882,  lid.  xxix.  S.  244. 
"  For  some  other  results,  sec  Hiitehinsoni  loc,  cil. 
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Ft7r(/  capacity  is  the  term  given  by  Hutchinson  to  the  volume 
of  air  which  can  he  expelled  from  the  thorax  by  the  most  forcible 
expiration,  following  the  deepest  possible  inspiration.  The  diflferent 
values  assigned   to   this   volume   of   air  are   shown   in   the   following 

table  :i3_ 

*  "Connexion  of  Life  with  Respiration,"  London,  1788,  p.  25. 

2  *'  Researches  concerning  Nitrous  Oxide,"  London,  1800,  p.  399. 

3  Phil.  Trans.,  London,  1809,  pp.  404,  410,  428. 

^Article  "Thorax,"   Todd's   "Cyclopaedia  of  Anatomy  and  Physiology,"   vol.    iv.    p. 
1066. 

•'  Dcufsrhrs  Arch.  f.  klin.  Afcd.,  Leipzig,  1879,  Rd.  xxiii.  S.  481. 

«  Zuntz,  Hermann's  "Plandbuch,"  Bd.  iv.  Th.  2,  S.  103. 

"  Ztsrhr.f.  klin.  Med.,  Berlin,  1879,  Bd.  i.  S.  27. 

^^  Tiujrhl.  d.  r)4  VrrsamrnJ.  deiUsch.  Naturf.  u.  Acrztc  in  Salzburg^  1881,  S.  117. 

'*  Arrh.f.  d.  qrs.  Physiol.,  Bonn,  1882,  Bd.  xxix.  S.  244. 
^-^  Ztsrhr.  f.  klin.  Med.,  Berlin,  1884,  Bd.  vii.  S.  487. 
"  Arrh.f.  d.  gcs.  Physiol.,  Bonn,  1888,  Bd.  xliii.  S.  236,  440. 
»2  Ibid.,  1891,*  Bd.  1.  S.  363. 

^^  See  also  Julius  Jeffreys,   "Statics  of  the  Human  Chest,"  1843;  Jackson,   Ant,  Med. 
Examiner,   1851,   p.  51  ;  Radclyffe  Hall,   Trans.  Prov.  Med.  and  Surg.  Assoc.  ^  London, 
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Vital  Capacity. 

ObBcrver. 

Remarks. 

In  Cubic 

In  Cubic 
Inches. 

3608 

220 

Jurin.^ 

3608 

220 

Stephen  Hales.' 

3493 

213 

H.  Davy.5 

3068 
3280 

186-5 
200 

Thomson.* 
Goodwyn.* 

Mean  of  twelve 
experiments. 

8280 

200 

Menzies.* 

4920 

300 

Kite.7 

3568 
4838 

217  Mean  \ 
296  Max.  J 

Thackrah.8 

3568 
3700 

217 
226 

Hutchinson.* 

Hermann  and 
Berenstein.i^^ 

Mean  for  1923 

Men. 
Mean  for  sixteen 

Men. 

'rom  numerous  observations  upon  men,  Hutchinson  found  that  the  vital 
•ity  was  influenced  by  the  height,  weight,  and  age  of  the  subjects.  The 
ving  table  shows  the  progression  of  the  vital  capacity  with  the  stature^^ : — 


Height  in  Feet 
and  Inches. 

Series  from 

Observations  on 

1012  Cases. 

Series  from 

Observations  on 

1923  Cases. 

Cubic  In. 
175-0 

188-5 

206-0 

222-0 

237-5 

254-5 

Cubic  In. 
176-0 

191-0 

207-0 

228-0 

241-0 

258  0 

Mean   of   all 
heights 

214-0 
(3509  C.C.) 

217-0 
(3558  c.c.) 

*  PhiX.  Traits.,  London,  vol.  xxx.  p.  757. 

3  **  Statical  Essays,"  2nd  ed.,  London,  1731,  vol.  i.  p.  243. 

3  •*  Chem.  and  Phil.  Remarks,"  p.  410. 

^  **  Chemistry  of  Animal  Bodies,"  1843,  p.  610. 

*  **  Connexion  of  Life  with  Respiration,"  London,  1788. 
«  **  On  Respiration,"  Edinburgh,  1796. 

■^  **  Essays  and  Observations,  Physical  and  Medical,"  1795,  p.  48. 
»  "  On  the  Effects  of  Arts,  Trades,  etc.,  upon  Health,"  London,  1831,  p.  21. 
»  Loc.  cil.  1®  Arch./,  d,  ges,  Physiol.,  Bonn,  1891,  Bd.  1.  S.  363. 

"  1  Foot  =  304-8  mm. ;  1  inch  =  25-4  mm. ;  1  cubic  inch  =  16*4  c.c. 
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There  is  an  irregular  increase  of  the  vital  capacity  with  weight,  and  as 
regards  age  there  is  an  increase  from  15  to  35  years,  and  then  a  decrease 

^P, ^^      from  35  to  65  years,  even  when  height  is 

[(T  f  o^J      taken  into  consideration.     When  a  D;ian  i.s 

^^  !'!■  M^^A      standing,  his  vital  capacity  is  260  cub.  in. ; 

in  sitting  erect,  recumbent,  and  prone  posi- 
tions, it  is  255,  230,  and  220  cub.  in. 
respectively. 

On  the  opposite  page  the  average 
amounts  of  complemental,  tidal,  reserve, 
and  residual  air  are  given,  but  it  is 
necessary  to  point  out  again  that  they  are 
only  approximate  values.  The  several 
volumes  have  already  been  shown  tovar}' 
considerably  in  different  individuals. 

Hermann  ^  subdivides  the  residual  air 
into  collapse  air,  the  quantity  driven  out  of 
the  lungs  when  the  thorax  is  opened ;  and 
the  minimal  air,  the  quantity  which  re- 
mains in  the  collapsed  lungs. 

In  newly-born  children  the  volume  of 
each  inspiration  in  quiet  breathing  is  35  c.c, 
but  during  screaming  it  is  raised  to  61  c.c; 
the  vital  capacity  is  about  120  c.c.  The 
vohnne  of  the  lungs  of  four  children  born 
dead  at  full  term  was  40,  55,  55,  and  60  c.c. 
respectively,  and  when  blown  out  they  con- 
tiiined  25,  30,  50,  and  90  c.c.  of  air  respect- 
ively.*- For  the  first  few  days  of  life  the 
lungs  completely  fill  the  opened  thorax ; 
there  in  no  collapse  air ;  the  residual  air  is 
the  minimal  air.  The  lungs  during  each 
expiration  become  almost  free  frr»m  air,  and 
the  ventilation  is  very  great,  the  renewal 
of  air  being  almost  perfect.'^ 

For  the  deterniinatiun  of  the  volumes 
of  air  })resent  in  the  lungs  under  diflerent 
conditions,  Hutchinson  used  a  sj>ecial 
meter,  which  he  termed  a  spirometer.  Thf 
construction  of  this  apparatus  is  shown  in 
Fig.  68.^ 

Since  that  time  many  simpler  and 
improved  forms  of  spirometer  have  been 
introduced.''  The  most  important  prec^iu- 
tion  is  tx>  reduce  the  resistance  of  the  met«T 
as  much  as  possilile,  nthorwise  the  dej»th 
and  frequency  of  respiration  become  al>- 
nnrmal. 


Flutchiiisoir.s  s[>ironi«^tcr. 


Lclirl.iK.li  'lor  Phy.si.)!.,"  Ik-rlin,  1800,  Aull.  11,  S. 


126. 
IS'jO, 


Stuttgart 

Thorax 


article 


Bd.  xix.  S.  120, 
Todd'. 


Cyclojwdia    of 


•  K<-kerlt'iii.  Zfs<'hr. /.  G>hnrtsh,  u.  Giindk., 

•'  HtTinaiin.  loc.  cil.,  8.  127. 

^  For    further   <iet.iils,    see    Hutchinson, 
Anatuniv  an<l  Phy.si«>l(>;^y,"  v<jI.  iv.  ]>.  1069. 

M-'h'Vsohl  von  Marxow,  Ccntralhl./.  PhysUd.,  Lcijizig  u.  Wirn,  18SS,  S.  39;  Clar, 
Wki,.  kliu.  Jrchnschr.,  1889,  No.  18  ;  Mareet,  "  Proc.  Pliysiol.  Soc."  Jouni.  PhyftioL,  Cam 
bridge  and  JA)n<l()n,  1897,  vol.  xxi.  ;  Hanriot  and  Kicliet,  Compt.  reiul.  Soc.  d^biol.,  Paris. 
ms7    ^^   .10.-.. 
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Cubio 
Cenliraetrea. 

Cubic 

Complement&l  air  . 

Tididair 

Bes^rre  or  supplemetitjil  air    . 
BcaidoAl  air  . 

1700 1       Vital 

aoO  \  capacity, 
1500 J       3500. 
1000 

1041       YiUl 
IS  r  e&imcityj 
91 J       213. 
61 

Hyp^'ijmmu,  tb/spnom,  a^phjfxia,  apjM'a,  ami  Che  if  nc  Stokes'  rr5/>i'rrt- 
(i&n, — ^Tliese  difrerent  conditioti8  are  cunsiilered  elsewhere  in  this  work.^ 

Tlie  rate  of  respiration  in  different  animals— Niimeroius  oK^erva- 
tions  upon  the  nipidity  oi  thi^  rospiratury  movements  in  different  aiumiils  were 
made  bj  Paul  JJcrt,-  and  the  full«*wiug  table  gives  results  tibtaiiied  ehiefly  by 
him:^ — 


Namber  of 

Amiual. 

BesplnLtioDS 
per  Minute. 

Remarks, 

Obaen'tr. 

Majdials— 

Monkey         .... 

19 

Quiet. 

Pfiiil  Bert. 

Tfg«r     ..... 

6 

»> 

ti 

Lion 

10 

»* 

ft 

Cat 

24 

It 

If 

Dog 

15 

■ 

Ox 

30 

JJ 

RoljcrtHon.' 

f 

Ralibit 

55 

n 

Paid  Hcrt. 

r 

Rat,  black  and  wliite     , 

210 

u 

,, 

Rhinoceros     .... 

6 

Drowsy. 

^, 

Horse 

10-12 

<Jnict. 

r« 

BlRoa^ 

Condor          *        .         ,        . 

0 

M 

n 

Pelican          .... 

4 

t  t 

Cock     ....         . 

12 

Lying  down. 

Jt 

Dove 

30 

(Jiiitit. 

11 

Hoiise-sjmrrow 

90 

It 

Canary          .         .         »         , 

100 

M 

M 

Reptiles— 

Battle  -  sTiak  e . 

5 

>• 

»» 

Lizarrl  .         .         »         .         . 

12 

f  f 

Fj8HEa— 

8kat^i  {Jiaia  imtU) . 

51 

Jtl 

Lalbnt* 

Dii^lidi          .... 

40 

., 

M 

Ponh 

:^0 

f  J 

Paul  Bert. 

/            Sole 

34 

IT 

La  foot. 

[            Conger-eel     .... 

10 

(;>uiet ;    If  Dgth  of 
animal,  1  fn^tre. 

Paid  llcrt 

/.    

25 

<}u'wt ;    length  i^f 
aiiimal.  [}Q  <u\. 

- 

^au»TACKAN8— 

Kmg-crab  (LirmUtts} 

12 

Moving. 

>i 

^QLLTT.SCS — 

Pouip 

2S 

Quiet, 

t» 

Ciltttefish       .          .          .          , 

45 

.1 

La  font. 

Squid 

65 

n 

Paul  Bert 

-—. 

.^ 

'  Mochaniwrn  of  Re<ipirfition/*  this  Textbook,  vol.  ii. 


'  Thia  artick,  pp.  743.  765  ;  alao 

*  **Le<;ona  sur  la  pbysioL  coniji.  de  la  respir.it iaii,"  Pan?ij  1S70,  p,  393, 


•  Vettritutnj  JiHtrtiai,  London,  1885,  voL  xx.   p.   311, 
^^itnala  varied  from  11  to  10(1  yvx  ininntf. 

*  Quoted  by  Paul  Btrt,  ioc.  cit, 

VOL.  1. — 48 
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The  general  conclusion  to  be  drawn  from  these  and  other  similar  data  is 
that  the  Larger  animals  respire  more  slowly  than  the  smaller  animals  of  a 
similar  class.  It  has  been  shown  that  a  similar  difference  obtains  in  the  out- 
put of  carbon  dioxide  and  the  intake  of  oxygen. 

The  alveolar  surface  of  the  hmnan  lungs. — The  volume  of  the  lungs 
in  the  mean  phase  of  respiration  is  about  3500  c.c;  the  diameter  of  a  single 
alveolus  is  about  0*2  mm.,  its  volume  0*004  c.nim.,  and  its  surface  0*126  s.mm. 
In  order  to  contain  the  air  in  the  lungs,  there  must  be  725  millions  of  alveoli, 
with  a  surface  of  about  90  sq.  metres.^  Tlie  above  calculation  is  the  one  given 
by  Zuntz.2 

The  changes  in  the  composition  of  the  air  during  respiration. — 

The  fresh  air  taken  into  the  lungs  during  respiration  has  the  following 
composition,  wiien  it  is  dry  and  measured  at  0''  and  760  mm.  pressure, 
20*96  volumes  per  cent,  oxygen,  7902  nitrogen,^  and  about  0*03  carbon 
dioxide,  or  l)y  weight  per  cent.,  23015  oxygen,  and  76*985  nitrogen. 
Under  ordinary  conditions,  the  air  contains  a  quantity  of  aqueous 
vapour,  which  is  liable  to  considerable  variations  according  to  the 
temperature  and  other  atmospheric  conditions;  the  carbon  dioxide, 
moreover,  may  in  badly-ventilated  rooms  rise  considerably  above  the 
amount  just  given. 

The  inspired  air  is  warmed  and  moistened  in  passing  through  the 
nose,  pharynx,  trachea,  and  bronclii,  and  rapidly  mixes  and  diCFuses  with 
the  air  retained  in  the  alveoli  of  the  lungs.  The  passage  of  the  air 
through  the  nose  alone  raises  the  temperature  of  the  air  considerably ; 
thus  Bloch  *  found  tliat,  when  the  temperature  of  the  external  air  was 
-8',  -0°*5  to  3°*5, 12°  to  16"  and  18°,  that  of  the  air  entering  the  pharynx 
from  the  nose  w\as  respectively  24°*5,  26°,  30°,  and  31°.  With  a 
moderate  external  temperature  the  air  becomes  about  one-third  saturated 
with  moisture  during  its  passage  through  the  nasal  cavity.  The  rapidity 
of  th(^.  processes  of  mixture  and  diffusion  will  vary  according  to  the 
frequency  and  depth  of  breathing  and  the  capacity  of  the  lungs.  The 
air  expired  will  likewise  vary  in  composition,  and  under  normal  condi- 
tions will  never  represent  the  alveolar  air. 

Thd  expired  air, — The  earliest  determinations  of  the  composition  of 
the  expinnl  air  of  man  were  made  by  Menzies,^  Lavoisier  and  Seguin,^ 
H.  Davy,'  Allen  and  Pepys,^  and  Trout.®  The  following  table  gives  the 
more  exact  results  of  recent  investigations,  but  at  the  same  time  it  is 
imi)orlant  lo  remember  that  it  is  impossil)le  to  give  figures  which  shall 
exactly  re})resent  the  average  composition  of  the  expired  air ;  the 
percentage  of  oxygen  and  of  carbon  dioxide  varies  according  to  the 
frerjuency  and  depth  of  br(\athing,  and  is  intiuenced  by  various  condi- 
tions which  atiect  the  nietal)olisni  of  the  body,  such  as  muscular 
activity,  Iciiijierature,  and  food.  For  these  reasons  the  respiratory  ex- 
change of  an  animal  should  be  estimated  ])y  the  direct  determination 
of  the  intake  of  oxygen  and  the  output  of  carbon  dioxide  and  water  in 

'  1  nini.  -    0-0:30:*.7  in.,  and  1  nir'tn-       3'.) '37079  in. 
-  Arch.  f.  d.  V'-.s-.  P}i<jsiol.,  lionn,  18S8,  Bd.  xlii.  S.  110. 

^  Tliis  iiicluiits  ;i  small  <juantity  of  argon,  but  it  appears  to  have  no  physiological 
importance. 

■^  7A^rhr.  f.  Ohrrnh.,  AViosl)a<l«'n,  Bd.  xviii.  S.  21.'>,  354. 

■''  '*  Essay  on  Kfspiration,"  E-linlmr^di,  1796.  p.  50. 

^  Ann.  (Ic  chim..  Paris,  1814,  tome  xei.  p.  318. 

"  "  Ueseareliis,"  London,  1808,  \\  331. 

"^  Phil.  Trails.,  London.  L'<08,  1809. 

^  Ann.  I'hiL,  London,  1813,  vol.  ii.  p.  328. 
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a  given  time,  not  hy  a  calculation  hased  upon  the  alteration  in  the  com- 
position of  the  air  of  several  expirations,  mnltii>lied  hy  the  average 
quantity  of  expired  air  and  the  average  mimbcr  of  respiratiouB  in  a 
given  time. 


Breathing. 

Viilume  of 
Kxpirt-d 
Air  (fwr 
Minute). 

I'trrentatje 

of  Oxvfjeri 

in  Exuirt^l 

Air. 

Oiumtlty 
of  Ox3  uren 
AbaorlH-'d 

(JXT 

Minute). 

Peroent- 

Of^  of 

Carbon 

Dioxide  in 

Expired 

Air. 

QuiuitJty 
fif  CS»rbon 
Dioxidts  DIh* 

MlnuteX 

Obaen'er. 

cc. 

c,c. 

c.c. 

Normal 

7,527 

le-s? 

358 

4-21 

318 

Verv  shallow 

5,83a 

15-50 

330 

4-63 

269 

►Speck.' 

Very  deep  . 

17,ft47 

18 -at* 

437 

»'17 

560 

Komuil    Reitt     . 

fJ,158 

17-00 

i240 

3-56 

218 

Work 

16,191 

17-29 

r.87 

3*05 

593 

-Speck.- 

Hard  work . 

24,323 

16*96 

1164 

4*08 

993 

Normal 

4,644 

1646 

222-9 

4 '36 

202-7 

jLcmy.^ 

NomiAl 

3,419 

1 6 '06 

136-8 

3-44 

117-6 

Vierordt*  eont^liuhd  from  his  experiments  that  the  percentage  of 
carbon  dioxide  in  the  exjjiretl  air  dnnniished,  hut  the  total  discharge 
increased  when  the  res|iinition  was  vuhuitarily  iiuickeiied,  the  depth  of 
breathing  remaining  tlie  Banie,  500  c.c. :  H^imilir  ellects  were  prndiK  ed  by 
breathing  mi>re  ileeply  but  witli  tlie  wime  frequency.  The  drawback  to 
these  observations  is  tliat  they  were  fur  periods  only  lasting  two  or 
three  minntes,  and  tliiis  tliey  are  no  exact  measure  of  elianges  <>f  meta- 
bolism. Even  the  extended  observations  of  Lossen  and  Berg  have  been 
the  subject  of  uiucli  discussion  and  critieisin  between  Ptliiger*'"  and 
Voit."^  It  is  impossilde  here  to  go  fully  into  the  causes  of  some  of  the 
contradictory  results,  hoi  Illiigt^*  appears  iu  have  shown  that  the 
variations  in  the  breathing  have  no  infhience  upon  the  respiratory 
metal>olism  beyond  this,  that  when  the  respiratory  muscles  are  more 
active,  an  extra  anuiunt  of  metabolism,  due  to  this  activity,  will  oeenr. 
PHiiger  takes  the  uiean  tvl"  the  conflicting  results  and  obtains  the 
following  suggestive  ligores: — 

Carbon  dioxide  ilischargt^d  in  Hftetni  umnites — 


Authority. 

FUe  Respirations 

Sixty  Rcflpirationa 

Loisen  . 
Berg     . 

7  96    gl'IlLH. 
7-712     „ 
15-672     „ 
Mean  .   7  836     ,, 

6-63   grnis. 
&106     ,, 
15-736     ,, 
Mean  .  7-868     ,, 

*  Ardi,  d.  Ver.f.  wUsensrh.  Ifcilk.,  Leipzig,  1867,  Urh  iii.  S.  317. 
1  ci    *  *'Phjijiologi«  dps  meDsclilk'heii  Atliiiieii.H/'  b^ipzig,  lSf>2;  Jrrh,  /.  Phifslol.f  I^ip^ig, 
^  '^Se,  S.  465, 

^  AfrM.f.  f1.  ^fK  Phij.^wL,  Hotin,  IhS8,  Kd.  xliii.  S.  523,  ft  acq. 

*  He»se,    Ardt.  t\  Htf^j..   \Uuuhtu   u.    Leipzig,   1S81,    Rd.   ii.   S.    381;    '*PbysioL   d. 
^^bmpjj.%"  Karlaniiie,  1S45,  H.  116,  134, 

*  Arfh.  f.  rf.  ^».  PhtmuL,  Vmuk  1^77.  Bd.  xiv.  S.  1,  630, 
""  ZMiT.f.  BiM.,  Mundien,  187S>  IM,  xiv.  S.  t^5. 
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This  conclusion  is  supported  by  the  work  of  Pfliiger'a  pupils,  Finkler  and 
Oertmann,^  who  found  that  artificial  respiration  and  apnoea^  produced  no 
alteration  in  the  absorption  of  oxygen  by  rabbits.  The  respiratory  exchange 
is  determined  by  the  activity  of  the  tissues,  and  not  by  the  frequency  of 
respiration,  or  the  amount  of  oxygen  contained  in  the  blood. 

Other  changes  in  the  respired  air. — It  has  been  shown  that  in 
a  man  at  rest  the  air  respired  undergoes  a  reduction  in  oxygen  to  about 
16  per  cent.,  and  an  increase  in  carbon  dioxide  to  about  4  per  cent. ;  in 
addition,  the  temperature  of  the  inspired  air  is  raised  to  that  of  the 
body,  and  this  generally  occurs  before  the  air  reaches  the  smaller 
bronchi.  At  this  temperature  the  air  is  saturated  with  moisture,  and 
shows  when  dried  a  slight  reduction,  about  >^  in  volume,  when  it  is  com- 
pared with  the  inspired  air,  and  both  are  measured  at  0®  and  760  mm. 
This  decrease  in  volume  is  due  to  the  combination  and  retention  of  some 
of  the  oxygen  in  the  tissues,  to  the  o.^idation  of  some  substances  which 
leave  the  body  otherwise  than  by  the  lungs,  and  to  the  combination  of 
oxygen  with  hydrogen  to  form  water.  The  oxygen  does  not  reappear 
entirely  as  oxygen  in  combination  with  carbon  to  form  carbon  dioxide ; 

CO 
this  is  shown  by  the  respiratory  quotient,  -t^, which  in  omnivorous  and 

carnivorous  animals  is  about  0'8.  The  effect  of  diet  and  other  con- 
ditions upon  the  respiratory  quotient  is  considered  elsewhere  in  this 
work,  and  it  has  been  shown  ^  that,  under  certain  conditions,  marsh- 
gas,  hydrogen,  and  nitrogen  may  be  discharged  by  the  lungs. 

The  Effect  of  Eespiratiox  upon  the  Blood. 

Historical. — The  discovery  of  Harvey  that  every  portion  of  bloo<l  pas.<es 
througli  the  lungs  during  eacli  complote  circulation,  confinne«l  the  idea  of  the 
early  physic )l(><(ists,  that  res[»iration  produced  iniport-mt  chan^'es  in  that  fluid  ; 
Harvey  "*  hinisclf  tliought  that  the  blood  discharged  some  noxious  substances 
as  well  as  acpioous  vapour  into  the  air  of  tlie  luniks.'' 

In  1669,  Lower '^  observed,  on  opening  the  tliorax  of  a  living  animal,  and 
kee|)in<,'  uj)  artiticial  respiration,  tliat  tlie  change  (^{  colour  from  venous  to 
arterial  to(>k  [)lare  in  the  capillaries  of  the  lunj^'s ;  the  bl(M)d  in  the  riglit 
ventricle  was  (lark,  and  if  the  artificial  respiration  ceased  it  passed  through  the 
lungs  to  the  left  ventricle  without  atUiininf(  an  arterial  hue  ;  venous  bl<XMl, 
when  ex])os(Ml  to  air  outside  the  body,  acquirel  an  arterial  colour.  Mayow," 
even  earlier  than  1674,  maintained  that  this  chan<^'e  from  venous  trj  arterial 
colour  was  due  to  the  absorption  by  the  blood  of  tlie  nitro-aerial  gas  (oxygen) 
from  tlie  air  in  the  lun^'s,  but  his  work  was  nei^lei-ted  and  forgotten. 

About  the  year  1776,  Priestley  ^  made  a  series  of  experiments  in  which  he 
showeil  that  <lark  blood  clot  became  red  more  rapidly  in  oxygen  than  in  air, 
but  the  red  colour  was  reduced  to  j)urple  when  tlie  clot  was  [)laced  in  nitrojj.Mi, 
hydro^^cn,  or  <'ar])on  dioxide  ;  these  alterations  in  colour  also  took  place  wlu-n 
the  l)lnn(l  clot  was  separate(l  from  the  air  by  a  ])iece  of  moistened  bladder,  or 
by   a    thin    film    of   milk.     These    changes   wcr(^    supposcil    ])y   Priestley  to  hr' 

^  ArrJi./.  (L  (fcs.  lli'isloL,  Bonn,  1877,  Bd.  xiv.  S.  38.     S«'tj  also  PlUii^er,  ihid.,  S.  9. 

-See  also  Haiiiiot  and  Kicln't,  Coinpt.  rciul.  AavL  d.  sc,  Paris,  1887,  tome  civ.  p.  13*J7. 

3  This  article.  ].p.  700,  7l'9. 

*  "De  Motn  Cordis." 

■"'  For  older  tln-uries  see  p.  G92,  and  the  referenees  there  f^iven. 

^  "Traetatns  de  Corde,"  Londini,  It)!)!),  pp.  17r>,  181. 

"  '*  Tract.itus  Primus,"  Oxon..  1»)74,  ]».  118. 

^  Phil.  TraiKs.,  London,  1776,  i>t.  1,  j).  220. 
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similar  to  those  of  cftmbustioi]>  Lut,  biassed  by  liis  belief  in  an  oM  theorj^,  be 
concluded  tbat  the  removal  of  **  phlogisUjii  "  tunied  veiKius  into  nrtenul  blood, 
and  for  this  inirificiiti^m  res|iiration  wan  neoos?*arY.  For  many  years  there 
were  two  hypitbeses  to  arcoiint  for  tlic  effect  of  respiratirHi  on  the  blood, 
Acconiing  to  the  one,  which  orijiiiiated  ajijKireutly  with  Black,*  Jind  was 
acceptod  by  PriestleVj  Ljivciisier,*  and  Crawford,^  the  oxygen  in  the  in.sj>ired  air 
combined  with  the  carbon  in  the  vpnon.s  blood  of  tin*  hmgs,  and  fonned 
carbon  thoxid*^  wdiirb  was  disc  barbed  ;  whereas^  acco  riling  U>  the  otlier 
byi»othe.'^iH,  propejsed  by  Le  (irange,^  tlic^  oxy»,'en  wns  ab.^orbed  by  tlie  blood, 
and,  during  the  course  of  the  so-ralied  systemic  circulation,  coridnneil  with 
carlx^n  to  fonii  carbon  ihoxide,  which  was  Hheniteil  when  the  blond  again 
reacheil  the  lungs  and  t^^ok  up  a  fresh  supply  of  cjxygciL 

Notwithstanding  the  experitiients  of  Spillaiizaid  '  and  of  Edwards,^ 
which  proved  that  snaih,  frogs,  and  kittens  continued  to  give  out  carbon 
dioxide  in  an  atuiosphere  of  hydrogen,  the  view  that  oxidation  took  place 
in  the  blood  was  held  until  recent  t tines,  when  the  work  of  PHiigpr  and 
bis  pupili^  showed  conclusively  that  tlic  tissues  were  the  iiuportaui  seat  of 
combustion. 

According  to  iiobrj  tbc  tissues  <if  tlie  lungs  have  u  further  function  tbnn 
that  of  simply  absorbing  and  disci inrging  gases  ;  tlun'  are  saiil  to  he  able  to 
form  carbon  dioxide  from  substames  brought  to  tlicm  from  other  parts  of  the 
b<:Hly.  Thus  llulw  ami  neuri<pies  *  fouml  tliiit  the  lungs  snpplieil  68  per  cent 
of  the  respiratory  meta)K»lism.  It  must  he  point^Hl  out  that  iii  many  of  the 
experinienis  ujion  wdiich  this  cojjciu.si<jn  in  lMiM*d,  the  opemtive  proceilure  was 
exceedingly  i^evere,  and  the  comlition  had  no  approximation  to  the  norma!; 
further,  the  results  arc  not  fiuj^portctl,  in  fact  are  contradicted,  by  the 
nuniercuis  experiments  on  internal  respiration. 

The  effect  of  refipiratifui  upon  the  blood  is  best  studied  by  a  com- 
parison of  the  gases  <;ontaiiie<l  in  venous  blood  taken  from  the  right 
ventricle,  and  in  arterial  blood  taken  frnin  the  carotid  artery. 

The  gaaes  of  the  blood. —Methods  for  the  extraction  and  eeti- 
mation  of  the  gases  of  the  h\ood,  — J! hfarkal. — Tlie  first  deujnustrat ion 
of  the  presence  of  gases  in  tbe  blood  was  mailc  by  iSoyle  ^'  in  1G36;  he 
showed  that,  wdien  fresh  tb  tiliriniited  blrtod  was  exposcil  to  the  vacuum  of 
an  air-puuij),  gas  was  giv<ni  olb  TIhsc  jmrticles  iif  g:is  Mayow,^^  iu  1G74, 
considered  to  l>e  nitro-aerial  gtis,  that  is,  oxygen,  Tbe  next  im]>i^rtont  observa- 
tion was  that  mailc  by  Priestley,^  ^  who  noticed  that  blood  placeil  in  an 
atmospliere  f>f  hydrt«gen  or  nitro«^en  gave  ofl'  oxygen.  Girtjinner  ^-  observed 
the  wime  etfect  with  nitrogen.  In  1799,  Humphry  Davy  ^^  found  that 
twelve  Viihnues  of  arterial  bb.or],  when  heate<I  to  93'',  gave  oil  1*1  vohuoc  of 
rarlKtn  dioxide^  and  0*7  volume  cjf  oxygeii. 

Nasscj'*  in  1816,  ]iroved  thtit  blood  gave  up  i oxygen   hi   an    atuiospherc  of 

^  **  Lcctm^a  oa  Cliennatry,"  ijslit.  hj  Robisoa,  Edia^iur^^li,  1S03. 
'  Uist,  Acad.  TO  If.  ff,  .vr./pan«,  1777.  1789,  17&0. 
'  '^On  AuinKil  lb  at,"  2inl  t-ditioa,  l7*sS, 

*  Hiuwenfrat/,  Ann.  dc  rftim,,  Puns,  17f*l,  tonic  ix.  |).  275. 

*  *'Mrai.  snr  In  rpspimtion,"  trad  pur  .Siiiebior,  IHO:j, 

*  **  De  riullueiiee  dtjs  ajj^ciis  [(hysirpiEs  sur  !a  vie,"  Pjirin,  1824* 
'  Skandtn.  Ardi.f.  PhjsioL,  Leipxi*;,  1891»  M.  ii.  S.  236. 

^  CerUralbL  /.  fin/MtoL,  Leipzig  a.  Witn,  1SD2,  S,  22.'*;  Comj^t.  rend.  Acid,  d,  sc.j 
Paris,  WJ2,  tome  esiv.  j*.  H9H. 

*  "Nova  exi«'nnunt;i  (►TMnnimtira  reHpirutitijiRtij  HpecUatm,"  Henevje,  1630. 

^^  '*TractatUft  qtiimpu"/'  Oxuriii,  1671.      "Optra  omaia,"  Ha^ae  Ccuo.,  1681,  p.  l'3'J. 

"  Phil.  Trans.,  Loieloii,  177t5,  i^t.  h  ]>.  22<J. 

'^  HaaBoairat^,  A^tn,  tie  rhun^^  Paris,  17in,  innw  ix.  p.  27r>. 

^^  Amu  ri  Pkys.  u.  Chttm.,  U^\\m<r,  1803.  M.  xii.  S.  574,  5f"3, 

"  IkutschcJi  Arch,  /.  d.  Physiol.,  JJalle,  ISlti,  Bd,  li,  S»  IDS,  435, 
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hydrogen,  or  of  carbon  dioxide,  and  Vogel,^  in  1814,  and  CoUard  de  Martigny,- 
in  1830,  obtained  carbon  dioxide,  but  no  oxygen,  from  blood  subjected  to  a 
vacuum.  Notwithstanding  these  observations,  the  presence  of  gases  in  the 
blood  was  for  a  long  time  a  subject  of  controversy.  Many  physiologists, 
among  them  Johannes  MuUer,^  Schroeder  van  der  Kolk,*  Gmelin,*  Mit- 
scherlich,^  and  Tiedemann,^  maintained  that  no  gas  existed  in  the  blood, 
whereas   Xasse,^  Scudamore,''  BischofF,^   and  Van   Euschut®   obtained   from 


blood  carbon  dioxide,  but  no  oxygen. 


Fig.  60.-  -PHiig.r's  Puiii]);  a,  blood  l>ull 
d,  (Irving  \wW  ;  r,  iiit'icurial  giugc* 
for  «oll('ili«»n  of  gas  ;  /,  //i,  >?,  and 
containing  nurcury. 


John  Davy  was  at  first  ^®  unable  to 
extract  any  gas  from 
blood,  but  during  a 
further  research  he 
obtained  carbon  dioxide 
from  both  arterial  and 
venous  blood.  ^^ 

More  exact  methods 
of  observation  were  in- 
troduced in  1837  by 
Magnus,^-  who  adopted 
and  improved,  for  the 
extraction  of  the  gases, 
the  use  of  a  Torricellian 
vacuum,  a  method  due 
originally  to  Collard  de 
Martigny.  The  conclu- 
sions to  which  Magnus 
arrived  were  that  blood 
contained  4-8  volumes 
JUT  cent,  carbon  dioxide, 
1-3*5  volumes  j)er  cent. 
oxygen,  and  0*5  -  2 
volumes  per  cent,  nitro- 
gen, and  that  arterial 
blood  contiiined  more 
<>xyg(Mi  than  did  venous 
Mood.  Fernet,*^  in  1857, 
publisluMl  the  results  of 
('XjKTiiiicnts  in  which  ho 
had  extracted  the  ga^^s 
of  the  bl(MKl  by  the 
f 


6,  froth -iliaiiil)C'r  ; 
//,  graduated  tube  . 

bulbs  and  tubing   P<»-^"^^g^^    of  a   stream 

hydrogen,    and    the    aid 

(»f    a    vacuum.       About 

the  same  time,  Lotliiir  Meyer  ^*  develo])ed  tlie  method^' of  heating  the  blo<^l 

or  other  liquid  for  the  extraction  of  its  gases,  and  a  still  further  advance  was 

^  J  our, I.  f.  <'/tr„i.  u.  r/njs.,  Niirnberg,  1814,  Ikl.  xi.  S.  391^. 
'-.lourn.  dr  j)/n/sioL  c.rplr.,  Paris,  1830,  tome  x.  p.  111. 
3  "Han.ll.urh  d.  rhysiol.,"  lid.  r  S.  .'Jlf.. 
•*  "  Di^^si  rtatio  -ist<'ii->  >aiigninis  (•(.agniaiitis  liistoriain." 
'^  /Isdu:   f.  rinislul..  l^:j::,  IM.  v.  S.  0. 

'■'  h>r.  rH: 

'  "An  l>>ay  .-n  liir  lilc.-.l,'"  L.)]id<.n,  1^2i. 

"^ ''(.'«. mm.  iitatid,  «,-tc.."  HcidvlbLTg.i',  1>;'.7. 

^  ''l)>-  rcs|.iiatiunis  ("liMiiismo,"  Trajcti  ad  lihciium,  K^ 

^"  r/ii/.  Trans.,  L-Midoii,  1823,  p.  olO. 

"  *' Krs<ai(  hrs,'  Lonib^n,  1>.".'J,  vol.  ii.  p.  ir>«>,  e(  s^fj. 

^-  Ann.  d.  /'Ay.s-.  u.  (.'hen.,  Loip/.ig,  1837,  Bd.  xl.  S.  r)83  ;  184'.,  Hd.  Ixvi.  S.  177. 

^'^  Ami.  d.  sr.  h<\f.,  Paris,  18r)7,  Ser.  4,  Zool.,  tome  viii.  p.  Vlh. 

^\  'M)ie  (Jase  (l.>  lUut.'s,"  (;..ttingon,  18r,7  :  Ztsrhr.  f.  rat.  Med.,  X.F.,  Hd.  viii.  S. 

'^  Used  originally  I'y  11.  Davy,  Jlunsen,  and  liaumert. 
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niAtie  when  Ludwig  uuil  Setsclieuow,^  I'diigeL-  ami  HelniholU,3  constructed 
their  rnercuml  gii^-pumpH|  basetl  upon  the  |iriin'iple  of  tlm  Torricellian  vacuum, 
Tlie  mercurt€d  ijas-pnmp, — Numeriiun  forms  ^  i»f  this  sipixiratus  hiive  been 
intrtKlucetl,  but  here  it  is  only  necessary  lo  mention  TtliigerH  punip,  the 
mcKiificdtion  of  thi.s  maile  liy  Grehant>^  ami  the  simple  ii|i|mrMtus  devised  by 
Lieonard  Hill      The  principh^  <jf  the  Hrst  is  .''hawn  in  the  diagram  on  p.  758. 

Further  details  up^ni  the  €^jn«lruetiL>n  and   working  of  these  pumps  will 
be  found  in  text-books  ul  phy.sio logical  chemistry. '^ 

In  Leonard  Hill's  "'^  ga.s-|ninip,  the  chief  advantjiges  are  simplicity,  clieajv 
nes8,    and    rapidity    of   action ; 
tlie    working   errors  are  under 

1  per  cent,  and  only  small 
quantities  of  blood  tire  required. 
The   etinstmctiiin  of  the  pninp 

is     shown     in     Fig.     TO,    and 

the     succeitsive     manipulations 

are    as     follows  : — ^*  A     bhioil- 

receiver   (F)    is   affixed    to  the 

end    of   the   tube    E,    tuiA    the 

receiver    is    elevated    inU*   the 

position  indicatetl  by  the  <kitted 

outhna     The    reservoir  (B)   is 

then    put   in    connection    with 

the  tube  (E)  by  means   of  the 

three-way  tap  (D),  the  reservoir 

(A)  is  rai.sed  abuve  the  pump, 

and  the  whole  Hystem  is  tilled 

with  mercury  to  tlie  tojt  i>f  the 

blrxH  I  -  r  ece  i  ve  r  ( F),     The   sc  re  w  - 

clip  on  the  rubber  tube  at  the 

upper  end  of  F  i»  then  tdmed, 

and   the  reservoir   (A)   lowered 

until  the   bli>od-receiver    in  ex- 

haustedj  exrept  for  2  i>r  3  c.c. 

of  mercury,  wliich   is  pnrjHKsely 

left  within.     The  screw-clip  ctn 

the  lower  end  of  F  is  next  cl^jsed, 

and     th(3     bl«Hnl-rcceiYer     now 

clipj^eil  at  either  end,  exiiausted, 

detached    from     tnbe    E,    and 

weighed.     A  samitle  of  blood  is 

then  collected.     The  arterini  or 

venous  cannula    is    tilled    witli 

'ic 


Y\i\  70,— Leonard  Hiira  Gas-Pump. 


lilood,   and    immediately    afterward-    puslied    iiitu    the    nibber     tnbi^    at    tl 

^Sitzunysh.  d.  k.  Akmt  fl    tris.^rn.irh.  Afnthpln/s.  (*i.,  Wiea,  1«59.  liJ.  \xxvi.  S.  293. 
***Untt'r4*wh.    a.   d,    Bmuini    physieL    Lab.,''   ISO'*,   S.    188;    Cntfra/hL    J.   d.    m^d. 
fFissenJKh.,  HvrViu,  1866,  S.  30'. ;  Areh.  f.  d.  grs.  PhifM,\*L,  Uoaii,  ]8iJ8,  Bd.  I  S.  6L 
'See  ZnnU,  Uiunmiua  *'  HainlUiih,"  VA,  iv.  Th,  2,  S.  27. 

*  A.  Schmidt,  Bfi\  ft.  i\  mclt-^.  Gcsti/fsc/t.  d.  Wi-i^rti.s./K  Mafhphtjif.  CL,  L<?ipstig,  ISfiT, 
Bd.  xix.  S.  33  ;  n.»ppo-S..ylrr,  *'  riiv^*i*»l  CIk  m.,"  rH-rliii,  ls7t*,  B(L  iii.  S,  4tH  ;  Nawrofki, 
Stud.  d.  phtjifioL  Inst,  xu  Br^^.^htt*,  liiit/ig,  IJeh  ii.  S,  144  ;  tiiis^ih,  Ardt.f.  <L  grs.  Pfuj^io/,^ 
Bonn,  15*69,  Bd.  ii.  f^.  445;  Kusr^^d  mid  Raps,  ArrfKf\  PhymtA..  Lcip/ig,  lSl»a,  S.  1^8. 

*  Paul  Bort,  "  LcH'onH  snr  Vx  |4iysioL  nuaj*.  ih.*  \i\  nspiratioii/'  raris,  1870,  p.  102; 
**  La  pre«Hirm  hftrim3etriip)e,"  Palis.  1878.  p.  *n5, 

'Halliburton,  ''Tcxt-liook  ol  Clitmieal  riiy»iolHgy  and  Pathology,"  Loudon,  1891.  p. 
80;  Hem[)eh  '*iiaHHualvtusi:hr  Mtthodiii;"  <3aingtt:,  *' nijsialogical  Chiuiistry  of  th* 
Animal  Bc»dy,"  vo!.  i,  \x\k  200-206, 

^  J<mm.  rkysioi.,  Caaibridgv'  and  Liiiaioii,  18U4  fs  vul.  xvii,  jk  353  j  Hill  and  Nabftrro, 
iltid.,  1895,  vol  xviii.  p.  218. 
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end  of  the  blood-receiver,  as  far  as  the  closed  screw-clip.  Before  tlie 
insertion  of  the  cannula,  the  end  of  the  rubber  tube  is  compressed  with 
the  fingers  to  exclude  the  air  within  it.  A  sufficient  quantity  of  bloal 
is  now  withdrawn  by  opening  at  the  same  time  the  screw-clip  and  the 
clip  placed  on  the  blood  vessel  of  the  animal.  The  blood  is  defibrinated 
by  shaking  it  with  the  mercury  left  within  the  blood-receiver  for  that 
purpose,  and  the  latter  is  then  again  weighed.  The  weight  of  the  8amj)lc 
of  blood  is  then  obtained.  The  blood-receiver  is  next  affixed  once  more  to  the 
tube  (E),  in  the  dependent  position  shown  in  the  figure,  and  the  tube  (E)  is 
exhausted.  Finally,  the  screw-clip  between  E  and  the  blood-receiver  is 
opened,  and  the  gases  are  withdrawn  and  collected  in  the  eudiometer.  Since 
the  blood-receiver  hangs  freely  from  the  tube  (E)  by  means  of  a  piece  of 
rubber  tubing,  it  can  be  both  immersed  in  warm  water,  and  shaken  to  facilitat^^ 
the  complete  escape  of  the  gases.  The  bulbous  form  of  the  blood-receiver 
prevents  the  blood  from  frothing  over  into  the  pump ;  and  if  the  action 
becomes  too  violent,  it  can  be  immediately  allayetl  by  pouring  a  few  drojKs 
of  warm  water  on  to  the  tube  (E).  The  bubbles  are  thereby  driven  back  into 
the  receiver,  and  tlie  pump  is  never  fouled.  The  Uip  (D)  is  so  manipulated 
that  the  gases  only,  and  not  the  water  which  condenses  in  the  reservoir  (B), 
are  driven  over  intx)  the  eudiometer.  The  water  is  returned  back  into  the 
blood-receiver.  Three  or  four  exhaustions  are  sufficient  to  extract  all  the  gases 
from  about  10  grms.  of  blood." 

Methods  of  gas  aiuilysis  cannot  be  described  here;  it  is  only  necessary  to  refer 
the  reader  to  the  works  of  Bunsen,  Hempel,  and  others^  upon  this  special  subject. 

In  the  extraction  of  the  gases  of  the  blood  methods  are  employed  whii'h 
favour  the  dissociation  of  those  gases  which  are  present  in  loose  chemical 
combinati<m,  and  also  liberate  the  gases  iiresent  in  a  state  of  simple  solution. 
These  conditions  are  fulfilled  by  exposure  to  a  vacuum,  by  warming  and 
agitating  the  blood.  The  addition  of  a  weak  acid  favours  the  evolution  of  the 
carlxm  dioxide  The  effect  of  these  different  ])rocedures  upon  the  dissociation 
of  ()xyli.TniogIo])in  will  be  considered  later ;  here  it  is  only  ncMicssary  to  recall 
tlie  fact  tliat  tlie  eoefficient  of  abs()r]>tion  of  gases  in  Huids  diminishe.s  with  an 
increase  of  temperature,  and  ])ecomes  nil  when  the  boiling  point  of  the  fluid  is 
reached. 

For  tlie  quantitative  estimation  of  the  oxygen  contained  in  blood,  Claude 
Bernard-  introduced  a  method  ])ased  n))on  the  stronger  affinity  shown  by 
carbon  monoxide  than  by  oxygen  for  htemoglobin.  The  ])lood  is  shaken  witli 
double  its  voluiue  of  carbon  monoxide,  which  drives  out  the  oxygen  from  its 
conil)i nation  witli  hflemoglobin.  An  analysis  of  the  gas  collected  shows  the 
percentage  of  oxygen.  Nawrocki  ^  has  made  comparative  analyses  with  this 
nietliod  and  with  the  ordinary  blood  jmnip,  and  tlie  resiUts  are  i>ractically  the 
same.  If,  liowever,  the  blood  is  left  in  contact  with  the  carbon  monoxide  fur 
loiiL^^er  tliaii  twenty-four  hours,  some  of  the  gas  combines  with  oxygen  to  form 
carbon  dioxide,  and  thus  the  amount  of  oxygen  is  diminishe<l.'*  It  is  possible 
that  tlie  carlxm  dioxide  formed  in  these  cases  is  due  to  putrefaction. 

The  differences  in  the   gases  of  arterial  and  venous  blood. — 

A  coni]>avativ(M'xiiiiiinati()n  of  the  Leases  eoiitained  in  arterial  inid  venous 
blood  is  necessary  for  the  estiniation  of  the  qualitative  and  ([iiantitative 
('}ian«ies  which  oeenr  dui'iiig  external  and  internal  res])ii'ation. 

The    gases   of  arterial    blood. — The    ehief    restdts    ol)tiuned     by 

Miimscii.  "(lasc^niciiiMilic  MrtliodcD,"  IS.'w  ;  *' (I.isomctrv,"  KosofM*'s  transl.,  London. 
18r»7  ;  cf.  also  (laiiifj^ce,  op.  cit.,  pp.  200-215:  Heiri|n.'l,  "  Gasaiialytischc  Metboden "  ; 
CJppjMMt.  "  I)i<-  (^iasanalysi',"  18S5. 

-  "  Lc'coiis  .siir  los  li(jiii(l('s  (le  I'or^'anisiiH'."  Pari.s,  18r»0,  tome  i.  \).  365  ;  ii.  p.  427. 

•''  Stvd.  (L  p}vjF;i(>l.  Insf.  zn  BrcsJdu,  lA-ipzi^^,  lid.  ii.  S.  144. 

■*  Ik'rnanl,  loc.  cit.,  Pokrowsky,   J'irchou's  Archill,  186<5,  15d.  xxxvi.  S.  482. 
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different  observers  upon  various  auimak  have  been  cc»llected  in  tabular 
form  by  Zuntz,^  and  are  liere  reproduced  with  some  additions : — 


gtiautiiy 

of  Gosi  \u  PerccntAire 

of  \'oluiu<>  of  Blood* 

AniluL 

Mawuml  At  ff  and  700  Mm. 

Oliwn'er  and  Nnmliter  of 

Oxygen, 

Nitrogen, 

Ciir-boti 
Dioxide. 

Dog     . 

Mean 

22  G 

1-8 

34  "3 

Pihigei,^  twi4se  I'xpi^riuipntH,  luit 
ouly  three  determinations  of 
C«-V    K^pit^  nitthorl  eniplove<l* 

( 

l 

MeAii 

18-3 

1-8 

377 

Forty -four  jinalvrtes  of  taiotiil 
blood  by  SetsvlipnoAV,  Sc)ia'treiv 

Dog     ■ 

Max, 

24  7 

h'h 

53-4 

Mio. 

U'4 

1-2 

23*3 

S4;zel  k  0  w,    Na  vv  jork  i ,    Hi  rsf  i  \\  ■ 

mann,  Sac^ka  and  I'iiiiger.    Col- 

lected by  Ptliiger-^ 

Dog    . 

Mean 

18-4 

2  (J 

38 '8 

nitK»d  of  femoral  artery.  Twenty- 
five  analyses  by  Pfiiiger,*  two 
by  Hirscbmanii. 

f 
"1 

M«AT1 

10-4 

40-4 

One  hundred ex|wrinifiits  by  Paul 

Dog     . 

Max. 

26-4 

... 

50  8 

Ikrt/ 

Mill. 

14^4 

33-0 

Dog    . 

17-58 

38-57 

GepiM  rt  arnl  Ziinti^-'* 

i 

15-4 

1-5 

40-1 

Ore  ha  lit." 

Dog     . 

21-2 
16*2 

1*8 

45*9 
400 

227 

1-r. 

40-4 

[ 

U-3 

33-4 

Ewa  Id," 

Dog    . 

15*4 
15-8 

32*4 
35-1 

Ifrr 

26-35 

Dog     . 

Mean 

i8'2ri 

.,. 

37-tJ4 

Hill  aiitl  Kabarro^*  average  of 
iiftV'tvvo  saniiilea  of  arterial 
bloTnL 

W  Hering.^Hixexjienint'nts,    The 

0»t     . 

Mean 

la-i 

1-3 

28-8 

value   of   oxygen   is    too    low^ 

fiint  e     phoajflioric     atid      waw 

added  to  the  bkmd  liebirtliand. 

Sheep  . 

Mean 

107 

rs 

J. VI 

Sr/rlko\r.""    Two  analyses. 

Sheep  . 

Mean 

]2*H 

Thieu  iinalyses  by  Pnyer*^  on 
venous  bfood  shaken  with  air. 

lUbbit 

Mean 

13-2 

2-1 

34*0 

Ftmr  analyses  by  WalterJ- 

Rabbit 

* 

10'3 

37 '34 

(lo  Pi  vert  and  ZuntzJ' 

Mtn     . 

21-6 

1-5 

40-3 

One  analvhia  by  Setsvlienow. 

»  Article  in  Hermann  h  *'Hftndbinb,  '  IM.  iv,  Th.  2,  S.  35. 
^  Ctrdra}hLj\  d.  mcd.  H'tM-HCiiacfi.,  Iter] in,  lHt}7,  S.  722. 

*  Arch./,  ft  f/<'^.  Phmiff,,  B^nm,  IStJS,  Bd.  i,  S.  *i74. 

*  '*  La  j>re»sion  baronietri'iue/'  Paris^  1878,  p.  1030. 
^  Jreh./.  d.  tjrn.  PhfixivKr  Honn,  IJd.  x!ii.  S.  IMI. 

*  Com^tf.  nnd.  *SV.  th'  hioL,  Parin,  lsft2,  p.  163. 
'*  Arrh.f.  tt  fjfJs.  PJnji^wL,  Bonn.  1H73,  Ua.  vii.  S.  575. 


*Joum,  l%ijsiol,,  CamVirid^e  and  Uaidon,  \m^i,  vob  xviii.  pp.  223.  224,  227. 

liliit^aao    >\ahl 
Dorpat,  1867,  Mrissnrr's  Jtthrrsh,t  l^*<i7,  t^.  305. 


■  **  Uut«r«ueh.    u.    d.    ZusniiinKH,Hi't/unf^'  dtr    iiliit«,'aao   >\ahrend   dtr    Ajiiioe,"  Dias., 


^^  Arrh,  f.  Anai.,  Phi/amf,  n.  m$s*^mch,  M'd,,  1SC4,  S.  516. 
"  lVkn.vud.  Jahrk,  IS&j,  S.  145. 

^^  Arrh.f.  fjqh-r.  Path,  w.  Pftarmtdol.^  Leipzig:,  Ud.  vii,  S.  118. 
^3  Arch./,  d.  ^it,  PhjswL,  Bonn,  Bd.  xlii.  8.  189, 
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Tlie  results  of  analyses  of  the  gases  in  the  blood  of  birds  and  of  other 
animals  are  given  by  Zuntz.^ 

Estor  and  Saint^Pierre  ^  concluded,  from  a  few  analyses  of  arterial  blood, 
that  the  amount  of  oxygen  diminished  in  proportion  to  the  distance  of  the 
artery  from  the  heart ;  these  results,  however,  have  been  shown  by  Paul  Bert,' 
Hirschmann,'*  and  Pfliiger  ^  to  be  erroneous.  The  blood  in  the  smaller  art€Jrtfe 
contains  less  oxygen,  but  this  is  independent  of  the  distance  from  the  heart, 
and  ai)pears  to  be  due  to  the  smaller  number  of  red  corpuscles,  and  the 
lower  specific  gravity  of  the  blood.^ 

The  results  given  in  the  above  table  show  considerable  differences  in  the 
percentage  composition  of  the  gases  of  arterial  blood,  even  when  the  experi- 
ments have  boon  made  upon  similar  animals.  The  causes  of  these  differences 
are  partly  due  to  variations  in  the  gases  in  the  blood,  and  partly  to  errors  of 
analysis.  lu  order  to  test  these  points,  double  analyses  of  portions  of  the  same 
blood  have  been  made  by  Preyer  and  Ludwig,'^  Pfliiger,^  and  others.^  The 
most  important  discovery  in  this  connection  is  that  made  by  Pfliiger ;  ^^  the 
ordinary  methods  for  the  extraction  of  the  gases  of  the  blood  give  results 
which  for  the  oxygen  are  too  low,  for  the  carbon  dioxide  too  high ;  arterial 
blood,  when  removed  from  the  body,  and  kept  from  contact  with  the  air, 
rai)idly  becomes  darker.  Some  of  the  oxygen  appears  to  be  used  up  by  the 
corpuscles  with  the  production  of  carbon  dioxide.  If  the  blocxi  be  received 
directly  from  the  artery  into  a  large  vacuum,  and  the  gases  quickly  extractetl, 
then  values  are  obtained  which  show  a  higher  percentage  of  oxygen,  and  a 
lower  ])ercentage  of  carbon  dioxide  than  those  found  by  the  ordinary  slower 
methods.  The  normal  amount  of  oxygen  in  the  fresh  arterial  blood  of  the 
dog  is  about  22  per  cent.  The  carbon  dioxide  naturally  shows  considerable 
variations,  but  tlie  amount  of  nitrogen  in  the  most  exact  determinations  is 
fairly  constant,  ab<iut  1*8  per  cent. 

The  arterial  bh)od  is  not  quite  saturated  with  oxygen,  for  by  rapid 

artificial  resj)iratioii  in  the  living  animal,  or  l)y  shaking  arterial  blocxl 

with  air,  the  amount  can  be  raised  al)ove  2o  volumes  per  cent.^^     Geppert 

and  Zuntz  found  in  the  arterial  blood  of  dogs  a  relative  saturation  with 

oxygen  of  90-90  per  cent.^^     The  quantity  of  carl)on  dioxide  in  arterial 

blood  is  only  about  one-fifth  of  the  amount  which  can  be  held  ])y  the 

Wood,  for  l*aul  liert  ^'^  found  that  do^'s  Idood  could  take  ut)  about  150 

.  ... 

volumes  ]K>r  cent,  when  shaken  with  pure  carbon  dioxide.     The  nitn><xen 

is  simply  in  solution  and  the  blood  appears  to  be  saturated  with  that 

gas,  for  tlie  ordinary  ])ressure  and  temjierature. 

The  gases  of  venous  blood. — On  account  of  the  differences  in  the 

metabolism  of  the  dillerent  tissues  of  the  body,  the  venous  blood  is  liable 

^  Article  in  Ilcnimnns  *'  Haiidbueli,"  Hd.  iv.  Tli.  2,  S.  41. 

-  Journ.  tJ»'  ranat.  ct]}hysioI.  etc.,  Paris,  1865,  tome  ii.  p.  302. 

•*  "  L<!*Mins  sur  l:i  }»liy.siol.  coiiip.  dv.  la  respiration,"  Paris,  1S70,  |».  118. 

'*  Arr/i..  f.  Aunt.,  Phyi^ioJ.  u.  wisscnsch.  Med.,  li;6(),  8.  502. 

•^  An'h.'f.  >1.  <,rs.  Physiol.,  Konn,  1868,  B.l.  i.  8.  274. 

''  Matiii^Mi  and  I'rliain,  Arch,  dt:  phyyio/.  wjrm.  et  patli.,  Paris,  1871,  tome  iv.  ;  PfliigtT. 
Arrh.  f.  J.  f/rs.  Physio/.^  P.omi.  186S/lVl.  i.  S.  75. 

'   //'/>//.  }>((■</.  Johrb.,  istj.-,.  IM.  xxi.  S.  145. 

'^  Arch./,  d.  ffs.  Physio/.,  Woim,  1S68,  B-l.  i.  S.  61. 

*'  llaiiiinarstfii.  Per.  if.  k.  sdrhs.  Gfsi'llscli.  d.  jrissc/usrh.  Math.-jdtys.  Cl.y  Leip/iir. 
1871,  P>d.  xxiii.  S.  6:',0  ;  Afanassiew,  ihid.,  1872,  P.d.  xxiv.  S.  256;  Tsehiriew,  ibid.,  1^74. 
Hd.  XX vi.  S.  120. 

^U.V)draild.f.  ,1.  nicd.   Wisscnsch.,  Berlin,  1867,  8.  321,  722. 

"  8etsrJieno\v.  Sit:u>i>/sh.  d.  k.  Akad.  d.  Wissrvsch.,  Wicn,  Hd.  xxxvi.  S.  289;  Pflugor, 
Arch.  f.  d.  (/<s.  I'h'isioj'.,  IJonn,  1868,  Bd.  i.  8.  7n  ;  Ewald,  ihid.,  1873,  Bd.  vii.  S.  575. 

^-  Arch./,  d.  yes.  Physiol.,  Bonn.  18S8,  Bd.  xlii.  S.  242. 

^■^  "  La  pression  baronietiique,"  Paris,  1878,  j).  1038. 
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to  correspondiug  variatioiks  in  its  gasemis  ediistitiieirtK.  It  m  therefore 
only  possible  to  give  a  mean  value  lor  the  guses  of  tlic  venmm  lilood 
when  the  analyses  are  performed  upui  sarii]>les  removed  from  the  right 
ventricle ;  tliia  procedure  can  be  eiirrieil  mit  hy  passing  a  catlieter  from 
the  right  external  jugular  vein  tlirfjiigii  the  right  ainiele  ami  into  the 
riglit  ventricle.  The  fulhiwing  talile  gives  tlie  results  nf  the  few  exi>eri- 
ments  of  this  kind,  tijgether  witli  the  ilata  uf  siuuiltanenUH  analysen  of 
the  arterial  bltwd : — 


AsutAL. 

VKsora  Blood  krom  Biwitr 

VltSTJllCrLK. 

ARTtiiut,  Bfxiou* 

Obiitner. 

Oxy^n. 

gen. 

Carbon 
dioxidiv 

Oxygen. 

C&rtKin 
dioicide. 

Dog     . 

11-9 

5-5 

117 

0-5 

12-5 

12 '5 

9-9 

5-43 

17 

45-3 

5*j*4 
49-0 
36 '5 
340 
36-0 
24-96 
54  75 
61  08 

19'2 

22-1 
19*3 
17-3 

15-4 
I6'5 

I6a:i 

17-25 
2075 

27 

39^5 

se-i 

5S7 

33-4 

32*4 

34*8 

30-65 

4275 

47-33 

Schtfiffer  ^ 
(mean  of  five 
cxpetimeDU). 

[  Paul  Bert,  3 

,  \  Mathievi  atid 
\      Urbaiii.^ 

Thf  fffrrt  of  different  ronffffiati-i  an  flrr  ffffsr.^  of  vmoiL^  hfoott— It  has 
already*  been  mentioned  that  the  venruiH  lilood  is  liable  to  marked 
ditterences  in  its  gaHCouB  unutents,  ivceording  to  the  couditirai  nf  the 
organs  from  wliich  the  bloocl  is  re<'eived. 

The  venouH  hldoil  leaving  a  muscle  varies  according  t^  the  cnnditimi 
<tf  the  tissues  •*;  when  th(*  niuscle  is  actively  emitracting,  the  jicrceutage 
of  oxygen  in  the  lilood  in  nmch  diniioished,  and  the  amount  of  eitrbun 
dioxide  is  increased,  notwithstaiKling  the  increase  in  the  vohnat?  and 
velocity  of  tlie  circulating  hlood.  The  experiments  t>f  Iiernaitl  ^  and 
Zuntz®  show  that,  after  section  of  the  motor  nerve,  the  absorption  of 
oxygen  and  the  production  nf  carbon  ih<»xidf  in  the  muscle  are  much 

^  SUzunf/»h.  d.  k.  Aknd,  (L  H'issfnsrft,  Jfnfh.Httlnra\  CL,  Wini,  18t;0,  M,  xli. 
S.  58P. 

*  **  La  pres«if>ii  tKiroiriutriqiic/'  Paris,  1878,  p.  1038. 
^Arch,/,  d,  ift^.  Phtf.^ioL,  IJoiisi,  lS7o,  Ha.  vii.  S.  575, 

*  J^id.,  I875.'Ba.  x.\s.  3tJb. 

*  Comjd.  }*tnd,  AciuL  d.  sc.^  Pari«,  1872,  tuniL'  Ixxiv.  p.  11*0, 

■  ScjEelkcivv,  SUtviujuk  d.  l\  A  lad.  d.  UlH^nmh.,  VViiiJ,  18*32,  IM  xlv.  S.  171; 
Miitliieu  atitl  Urbain,  Cumjit.  rnul.  Acad.  d.  s(\,  Paris,  1872,  ionw  Ixxiv.  p.  190  ;  Bmninl, 
**LeconR  sur  la  chalctir  nuiiiiak^"  Parb,  I87H,  p.  U7  ;  Zuiitz,  IkrL  ^'fin.  U'chisrhr., 
1878^  No.  10,  8.  141  ;  voii  Froy,  Arih.  f,  Pk^sifd.,  Lo\[w^^  1885,  S.  533;  Chaaveau  ami 
Kaufmann,  C&mpL  rend.  Amd.d,  sc,  Palrisj  188(3,  toine  tiii.  ))p.  974,  1057,  1153  ;  Hilt  and 
Naliarro,  Jmirn.  PhyM.,  Catiibri'ige  aud  Lomloii^  1895,  vol.  x>iii.  p,  218. 

'  Loc.  cU,  *  Loc,  erf. 
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-^158  ttian  m  ti.  mal  coutlitititi,  the  Llnod  imdergomg  comparatively 

slight  changes  in        passage  through  the  capillaries. 

The  following  ar     cime  of  the  resull^i  ohtjimed  by  Zuntz  :^ 


Bloou  Vksiixl. 

P£RCK>TAaiE  VoiiitMS  Or  Gabkh         > 

Rentjitla. 

Oiijgru. 

Oubou  dioxide. 

Fenioral  vein     . 
Carotid  artery  . 

1-2 

14-4 

36-32 
21 -92 

Dog  at  reit. 

In   tlie    muscles  of   right  \ 
limb  were  abscirbecl  and  Y 
jn  twJueed  resiieotivdy     .  j 

la^20 

14-10 

Femoral  vein     * 
Carotid  artery  . 

13-30 

33*ie 

23*06 

Alter  section  of  scUtic 
and  croml  nerr«»  on 
the  right  ^yo. 

Iij    tliK    miiscrlea   of    rigbt  1 
liiitb  were  absorlietl  aod  r 
produced  resiiectively    ,  J 

10-45 

10  1 

Calculated  from  these  results,  the  respiratory  exchange  before  the  section 
of  the  nerves  wiis  1*21  c.c.  oxygen  and  1*32  c.c.  carbon  dioxide  per  minute; 
after  section  of  the  nerves,  0*68  c.c.  oxygen  and  0*65  c.c  carbon  dioxide. 

Chauveau  and  Kaufmann^  estimated  the  gaseous  exchange  in  the 
masticatory  muscles  of  the  horse,  both  when  it  was  at  rest,  and  when  it 
was  actively  chewing.  The  following  table  gives  their  results,  together 
with  those  of  somewhat  similar  experiments  made  by  Sczelkow,*  Hill 
and  Nal)arro:'^ — 


DiKFKRKNCB  BETWKXN  THE  VkNOUB  AND  AKTERIAL  BLOOD. 

Obuktir. 

Rest. 

Activity. 

Carbon  dioxide 
Oxygen   . 

+  6-71 
-9 

+  10-79^            f +32-37 

U3  =  " 
-12-26  J            1-36-78 

Scjselkow. 

Carbon  dioxide 
Oxygen   . 

+  8-7 
-11-4 

+  10-20^            r +30-60 

1x3.- 
-13-65)            1-40-95 

|1i 

Tonic 

Clonic. 

Carbon  dioxide 
Oxygen  . 

+  8-76 
-12-92 

+  13-90]            r +41-70 

r  x3=-, 
-13-75J             1-41-25 

+  19-33) 

lx3  =  . 
-12-63  J 

+  57-99 
-37-89 

Inill  and 
r     Nabarro. 

lu  the  above  table  the  amounts  found  during  activity  are  multiplied 

^  Compt  rend.  Acad.  d.  sc.^  Paris,  1886,  tome  ciii.  pp.  974,  1057,  1153, 
2  Sitzun^sb.  d.  k.  Akad.  d.  JFissensch.,  Wien,  186*2,  Bd.  xlv.  S.  171. 
'  Joum.  Physiol. f  Cambridge  and  London,  1895,  vol.  xriii.  p.  218. 
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by  tliree,  in  order  that  allowance  may  be  made  for  the  increased  rate  of 
flow  in  the  hlood  ut  an  active  limb, 

Ajs  regards  the  vehx-ity  of  the  circulation,  Finkler  ^  finds  that  the 
difference  between  the  arterial  and  venous  hlood  increases  aa  the  velocity 
diminishes  This  relatirjusliip  ih  well  ^hnwn  by  Bernanrs"  rthservatious 
upon  the  suhniaxillary  gland.  Wlteu  tlie  gland  is  at  rest  the  vl'uous  blood 
is  dark,  but  becomes  almost  arterial  in  colour  when  tlte  gland  heeomea 
active  and  its  blcxKl  vessels  are  dilated  by  stimulation  of  the  churda 
tynipini.  The  difference  between  the  arterial  and  venous  bliMni  is  less 
niarkedp  but  the  tofcid  absorption  of  oxygen  anil  prrMluctitKii  of  carbuu 
diojtide  are  incre^iseci. 

Ill  the  last  stage  ui  asphyxia,  the  arterial  blond  contains  only  tiacea 
of  oxygen.  Thus  Lmlwig  ^  gives,  aa  the  result  of  six  analyses  made  by 
SeU*eiienow  and  Holmgren  upon  uaphyxiated  dogs,  0'4  volume  per  cent, 
oxygen,  3  per  cent,  nitrogen,  and  54  jier  cent,  carfiuu  dioxide  ;  and  Zuntz* 
has  eolleeted  the  results  of  lum'teen  analyses  inatle  by  dillerent  observei-B,^ 
and  obtaina  an  average  of  0  90  volume  per  cent,  oxygen,  2*07  per  cent, 
nitrogen,  49'53  per  cent.  carlMJu  dioxide.  These  values  Zuntz  contrasts 
with  thoae  obUiined  from  averages  of  seventy-one  analyses  nia<le  by 
Pfliiger  and  others  upon  normal  arterial  blond,  namely,  183  v(dumes  per 
cent  oxygen,  1*9  per  cent  nitrogen,  and  381  carlntn  dioxide:  and  he 
shows  that  the  ratio  between  the  increase  of  earhun  ibuxiik*  ami  the  Inns 
(if  oxygen  is  0*66  in  aspfiyxia,  as  compared  witli  0*79  in  the  normal  cmi- 
dition.  This  ditlerence  is  to  be  explained  by  the  reLeiitiou  of  some  carl>on 
dioxide  in  the  tissueH,  uwing  to  iiie  high  tension  of  lliat  ga.H  in  the  bhiod. 

During  apno^a  the  arterial  bhxjd  is  almoBt  saturated  with  oxygen,  and 
contains  about  one-lialf  its  norma!  amount  of  carbon  choxide;  the  venous 
libjodj  on  the  other  hand,  cr^ntains  less  oxygen  as  well  as  less  rnrlHiu 
dioxide  than  it  does  in  the  normal  ennditinn.^  These  results  conHrni  tlie 
work  rif  PfltigerJ  wfm  found  that  durirtg  nprKra  the  respiratiny  exeliange 
was  not  greater  or  smaller  than  in  the  (ndinary  condition  of  resj)iration. 

The  changes  which  the  bhjod  nndergties  in  passing  tbnuigh  the  brain 
are  much  less  marked  tlian  tho«e  which  occur  during  its  passage  tliri>ugh 
mustdes.  Even  during  marked  activity  the  brain  has  a  comparatively 
small  respirat<»ry  exchange.^ 

The  nature  of  the  csonnection  between  the  blood  and  ita  gases.— 
Oxygen, — Magnus^  in  1 830  concludetl  that  the  gases  of  the  lilood  were 
simply  dissolved  in  that  duid,  notwithstamling  the  fact  that  his  experi- 
ments allowed  that  the  quantity  cd'  oxygen  in  tiie  Idood  was  nnich  gre*ater 
than  the  amomit  which  (^ould  t*e  dissolved  in  an  equal  volume  of  water 
exposed  to  air.  Justus  Liebig,^'^  ln>wever,  jHiirttetl  out  that  Kegnault  and 
Keiset's^*  experiments  showetl  that  animals  absorl^ed  the  same  amount  of 
oxygen  wlxetber  they  breathed  ]jure  oxyg(^n  <»r  air;  he  thcrefiirc  mged 

>  Arch./.  iL  gis.  Phtjsioi,,  Bonn,  1S75,  Bd.  x.  S,  368. 

'  '*Le<;ons  aiir  k-j*  Hquides  dc  rorgauisiin*/'  Pitris,  1859,  tonic  ii.  p.  435  ;  "  Lceons  sur  U 
chftleur  ftniniale,*'  Pan«i»  1876,  p*  ISrj. 

»  Wim.  meil  Jahrk,  ISfJfi,  Bd.  xxi.  S.  145, 

♦Hernmnn's  "Hand  hi  eh,"  Bil.  iv,  Tli.  2,  S.  43.  *  Sec  Zuritz,  loc.  HL 

•  Ewald,  Arch.  f.  d.  f^.  Pfomd.,  Bonn,  1873,  Bd.  vii.  S.  u7^. 

nbuL,  ims,  m.  i.  k.  100. 

*  HiU  and  Nabarro,  Jotirn.  Physioh^  Cambridge  and  London,  1895,  voL  xviiL  p*  218. 
Sec  also  ''  Animal  Heat,"  this  Textbook,  vob  i.  p.  80S. 

■*  Ann.  d.  Phjjs.  u.  Chem.,  Leipzi^f,  l&S;,  Bd.  .xl.  a  583  ;  1845,  Bd  Ixvi.  S.  177, 
^^  Ann.  rf.  Chtnuu,  Phanti.,  1851,  Bd.  Ixxix.  S.  112, 
^^  Ann,  lie  chim.  tt  phtjB.^  Pari«,  1849,  St'r.  3,  tome  xxri. 
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that  the  gases  of  the  blood  were  present  in  a  state  of  loose  chemical 
combination  with  some  unknown  constituent  of  the  blood,  in  a  similar 
way  to  that  in  which  carbon  dioxide  is  combined  in  solutions  of  sodium 
phosphate.  A  few  years  later,  Lothar  Meyer  ^  came  to  a  similar  con- 
clusion, for  he  found  that  the  amount  of  oxygen  retained  in  the  blood 
only  varied  slightly  with  alterations  of  pressure.  About  the  same  time 
Fernet  2  observed  that  the  amount  of  oxygen  chemically  combined  in 
blood  saturated  with  air  was  about  five  times  greater  than  the  quantity 
w^hich  could  be  dissolved  at  the  ordinary  atmospheric  pressure;  this 
oxygen  was,  moreover,  chiefly  contained  in  tlie  red  corpuscles. 

A  further  proof  of  tlie  chemical  combination  of  oxygen  was  obtained 
when  Bernard  ^  and  Hoppe-Seyler  *  discovered  that  the  oxygen  of  the 
blood  could  be  displaced  by  an  equal  volume  of  carbon  monoxide,  a  gas 
which  formed  a  more  stable  combination  with  the  blood.  The  most  con- 
vincing proof,  liowever,  was  furnished  when  Hoppe-Seyler  succeeded  in 
crystallising  hicmoglobin,  and  showed  that  it  combined  with  oxygen,  but 
yielded  up  the  gas  to  a  vacuum ;  he  also  showed  that  the  haemoglobin, 
for  so  he  named  the  pigment  of  the  red  corpuscles,  had  a  definite  spectrum. 
A  year  or  two  later,  in  1864,  Stokes^  discovered  that  reducing  sub- 
stances removed  oxygen  from  the  haemoglobin  and  effected  a  marked 
change  in  its  colom*  and  spectrum. 

The  physical  and  chemical  properties  of  haemoglobin  are  described 
fully  in  another  part  ®  of  this  work ;  here  it  is  only  necessary  to  discuss 
the  part  wliich  the  pigment  plays  in  the  processes  of  respiration. 

The  coefficient  of  absorption  of  blood  fop  oxygen  is  a  little  lower  than 
that  of  water,  for  tlie  presence  of  salts  in  solution  diminishes  the  capacity 
of  tlie  liquid  to  absorb  gases.''     The  following  tal)le  shows  the  volume  of 


OXVOEN   ABSOnPED 

ACCORDINO   TO    DiFFKRF.NT   ObsERVKRS. 

Tkmi'Krati  up:. 

Bunsen.y 

Winkler.5»                      HUfner.io 

0^ 

0-04114 

0-04890 

r,  ■ 

0-03628 

0-04286 

1 

10' 

0-03250 

0-03802 

If/ 

0-02989 

0-03415 

i 

20 

0 -02838 

0-03103 

0-02844          1 

2:/ 

0-02844                    0-02745          | 

:30^ 

0-02016 

0-02635 

40' 

0-02306 

0-02447 

50^ 

0-02090 

'  "Die  (;a><'  <li-s  Blutos,"  Diss.,  G..ttiiigoii,  1857  ;  Ztschr.  f.  nil.  Med.,  W\,  viii.  S.  256. 

'•  Aiu\,  d.  $('.  lint.,  Paris,  1S57,  Ser.  4,  Zool.,  tome  viii.  [».  125;  Journ.  de  j>hysio^. 
»'j'p'r.,  Paris,  1^00.  toiiuMii. 

•  "  Lfvons  siir  Ics  (!H<'ts  des  substances  toxi^uos  (it  nu'dicanienteuses,"  Paris,  1857,  ]». 
isi  ;   '■  Lcroiis  sur  l«'s  li(}uid(s  do  rorganisme,"  Paris,  1S59,  tome  i.  i».  365  ;  tome  ii.  p.  427. 

■»  rirrho'i's  Archiv,  lid.  xi.  S.  288  ;  Pd.  xiii.  S.  104. 

■'  I'roc.  lUnj.  Soc.  Lciuloii,  vol.  xiii.  p.  .'i57. 

''  Arti'lc  '•  ll;i'ni(»Klol)in,'"  this  Tcxt-l.ook,  vol.  i. 

"  Ma(  kcii/.if.  A}(n.  d.  T'hjis.  n.  f'/irm..  Leij>/ig,  1S76,  Bd.  i.  S.  4'{8  ;  Setschenow,  Ztsrhr. 
f.  plnisik'tf.  ('firm.,  Lc'ip/^ig,  1>8!»,  Pd.  iv.  S.  117  ;  llufiier,  Arrh.  f.  Physivl.y  Leipzig. 
'lM»4,"S.  PiO  :   L1H5,  S.  209. 

^  Ann.  d.  CItcin.  if.  Pltana.,  Bd.  xciii.  8.  1  ;  ''Gasoinctrische  Mothoden,**  Braunschweig, 
1857,  S.  l.*;6. 

■'  Zf^rhr.  1.  ph>i^ikaJ.  f'hcn.,  Lt-ij'zig,  1892,  Bd.  ix.  S.  174. 

^"  A,ni.  if.  J'k,j^.   II.   Ch'ni.,    Leipzig,    1876,    Bd.   i.   S.   6:^2;  Arrh.  f.  Phijaiol.,  Leipzig, 
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oxygen,  measurefl  at  O""  iuid  760  mui.,  wlncli  can  l>e  absorbed  by  one 
volume  of  water, 

Boiir*  found  that  the  abHorptiun  coefficient  of  oxygen  in  a  2  per 
cent.  aque<:nLs  solutiuii  {\i  liii  uintrluliin  at  15''  wiis  0*02249,  whereas  that 
for  pure  water  is,  aci'onliug  tn  Wlnkhir,  003415,  or  50  per  cent,  gieater 
at  the  same  teiii]>erature. 

It  ha8  l^een  shtiwn  tlmt  art^-rial  bhjml  with  a  tein]>eratnre  of  37"* 
contains  a  large  quantity  of  oxygen,  about  22  vuhiiucH  per  eent.,  an 
amount  whk'h  luuld  not  he  pret^ent  in  simple  flohitiori.  Further,  when 
the  red  eorpu.seleH  are  absent^  as  in  plasma  and  Ki^rnui,  tlie  aniuunt  of 
oxy^zen  in  the  fluid  is,  aer^rvrdin^'  1(j  l*thigi'rr  *»nly  020  xuh.  per  cent. 

In  the  next  place,  ditrereut  (djservem  have  shown  tliat  crystals  of 
h*emoglobiu  ean  absorb  large  quantities  of  oxygen. 


C^mdition  of  HmiuuglulMii, 

Ainount  of  Ox  Vfceii 
(ir  and  T<30  yim.% 

OI«erver. 

100  gnuft.  moist  cryi»U]ft    ..... 
,,         crystals  iIiilhI  wHth  fiktr  fmjM  r  . 
.,         crystals  dri»'f]  at  0    aiifl  iwnvdcK-d 

J,               ,,        froiij  hoFHi'     .         »          ,         , 

Me^n  n(  10  (If'tpmii  nations, 
,,        crystiilx  dritHJ   at  0    uiul   jkivviUtv^I, 
from  ox-bloinl       .... 

108-4    t\r. 
44-83^ 

180 -a    ,, 

l"2-4      „ 
228         „ 

ir»9 

134         „ 

Hoiipfi-Beyler." 
Dybkowsky.* 

If 
Worni  MUUer."' 
iriifnen" 

The  causes  of  tfiese  differences  are  various;  the  crystals  of 
hiemoglobin  were  preparetl  in  different  ways.  an<l  it  is  prohal)Ie  that 
in  Bome  cases  methicuioglobin  or  nther  prothirts  were  formed;  the 
amount  of  moisture  varied,  and  the  nietliods  emphjyed  for  the  extraction 
of  the  oxygen  were  diderent. 

P>ohr/'^  howevi^r,  w<iuhl  ex]dain  these  diMerenccs  in  anotlier  manner, 
for  he  main  tains  tliat  there  are  at  least  f«>ur  diderent  kinds  of  iuemo- 
globin,  a-,  >3-,  y-,  and  ^-iKcmogkjhin,  whitdi  have  the  same  spectrum,  but 
combine  with  ditt'erent  amounts  of  itxygen,  0'4,  08,   1"7,  and  27  c.c. 

*  *^Eip,   Unteruueh.  u.  d.  .SauerstotfaufnaliDie  des  BlutfftrbstolTes,"  Copenhagen,  1885, 
Q    37 

*  ^Arch.f.  fL  ^n,  PfnfmoL,  llonn,  l^OH.  m,  I  S.  73. 

*  Firth4nij'ii  Anhit,  \U.  \xix,  8.  f.yS  ;  MrrLrhrm.  /^l/rw^rA.,  18(37,  Bd.  ii.  S,  19h 

*  Hopp.Stylor,  M^d,rhntu  ('ntt^rffi^'h.,  IHtjfj,  Hd.  i.  .S.  117. 

*  ArfJi.f,  ii.  iff  a.  ilumoL,  Bmuji.  1S7U  Bd.  iv,  S.  451. 

*  Cenirti/hi./.  d.  med.   U'h^fnsdi.,  Bnliu,  18t>6.  No.  21. 

^  Btr.  d.  k,  siirhj*.  iks^Jhf*h.  tl.  U'i^euRfh.,  Lripifi^%  IJ*70,  lid.  xxii.  S.  351. 

*  ZUehr.I  phijsioi.  Cknn,,  Stras*bi]i>r.  1>'78,  Bil.  I  H.  317,  '^^ii, 

*  Arth,  f.  PhifKioK,  T.oip/i^,  KH!M,  S.  V6ih 

^"^  Skafuiin.  Arch./.  FhnnoL,  Leipzig,  1S1>2,  11*1.  iii.  S.  47,  GW,  7ij,  101. 
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of  oxygen  for  1  grm.  of  haemoglobin.  The  usual  form  of  haemoglobin  is 
y-ha^moglobin ;  this,  when  dried,  gives  a  crystalline  powder,  a-haemo- 
globin,  which  in  turn  yields,  on  solution  in  water,  iS-haemoglobin.  A 
solution  of  y-haemoglobin,  when  kept  in  a  closed  tube,  is  converted 
into  ^-haemoglobin.  TFiese  various  kinds  of  haemoglobin  have  different 
'*  specific  oxygen  capacities,"  by  which  term  Bohr  designates  the  ratio 
between  the  number  of  grammes  of  iron  and  the  number  of  cubic 
centimetres  of  oxygen  present  in  a  given  volume  of  blood,  of  blood 
corpuscles  or  solutions  of  hiemoglobin,  saturated  with  air  at  ordinary 
pressure  and  temperature.  The  red  blood  corpuscles  are  said  to 
undergo  alterations  in  their  specific  oxygen  cai)acity  during  their 
passage  thr()u<^h  the  circulation. 

Tliese  results  and  theories  have  been  subjected  to  an  experimental 
examination  by  Hiifner,^  who  maintains  that  in  fresh,  healthy  ox-blood 
there  is  only  one  kind  of  luemoglobin,  that  the  cajmcity  of  the  fresh 
haemoglobin  for  carbon  monoxide  and  for  oxygen  is  the  same,  whether 
it  be  haemogloljin  directly  dissolved  from  red  corpuscles  or  haemoglobin 
first  crystallised  and  then  dissolved  in  water.  By  experiment,  Htifner 
shows  that  1  gi^m.  of  haemoglobin  takes  up  1'338  c.c.  of  carbon  monoxide 
or  oxygen  measured  at  0°  and  760  mm.  This  is  confirmed  by  the 
following  facts.  The  capacity  of  haemoglobin  to  combine  with  oxygen 
appears  to  depend  upon  its  iron,  one  atom  of  which  holds  two  atoms  of 
oxygen.  The  haemoglobin  of  ox-blood  contains  0*336  per  cent,  of  iron, 
and  its  molecular  weight  is  16,669 ;  its  capacity  for  carbon  monoxide  or 
oxygen,  as  calculated  from  its  percentage  of  iron,  is  1*34  c.c.  for  1  grm., 
a  figure  practically  identical  with  that  obtained  by  direct  experiment.- 
This  is  probably  also  the  case  with  haemoglobin  obtained  from  the 
horse,  dog,  pig,  rabbit,  and  fowl,  for  Bunge  and  others '  have  shown 
tliat  the  general  percentage  of  iron  is  0*335  per  cent.  Further,  the 
amount  of  liaenioglobin  in  liuniau  l)lood  is  about  14  per  cent.,  and  since 
1  grill,  of  ]iann(^globin  can  absorb  about  1*34  c.c.  of  oxygen,  it  follows  that 
the  amount  of  oxygen  coml>ined  in  arterial  l)lood  should  be  about  20 
volumes  per  cent.,  and  actual  experiment  shows  that  this  is  the  case.* 

It  is  probable  that  some  of  Bohr's  results  are  due  to  mixtures  of 
jHire  and  i)artly  decomposed  bicmoglobin,  and  that  some  of  the  hjcnn*- 
glcjbin  may  be  in  the  form  of  methaanoglobin.  The  same  criticism 
may  possibly  apply  to  the  results  obtained  by  Haldane  and  Lorniin 
Sniith.5 

The  oxytjm  in  the  blood  of  invertebrates. — In  many  of  the  invertebrate 
animals,  lia'moj^lobin,  ha^mocyauin,  and  other  proteids,  "vvliich  can  enter  into 
loose  combination  with  oxygen,  are  found  and  play  a  part  in  the  process  of 
respiration.  It  is  impossible,  however,  in  a  few  words,  to  do  justice  to  this 
interestinj^'  ])ortiun  of  comparative  physiolof^^y  ;  for  furtlier  details,  the  article 
by  Halliburton^'  on  the  blood  of  invertebrate  animals  should  be  consulted. 

'  Arvh.f.  F/ii/sio/.,  Leipzig',  1S04,  S.  130. 

-See  als<.  ll()|ip(.'-Sf;yler,  J'lrc/ioir's  Jrchiv,  \V\.  xxix.  S.  oOS  ;  Med.-cJc'm.  Untt^rsuch., 
18G7,  lid.  ii.  S.  11»1  ;  Prevcr,  '*I)e  liMMiio/^'lobiiio  observatioues  et  experimental,"  BoniKv. 
1866,  p.  I'J  ;  (\ntralhLf.  "d.  mrd.   JVisscmrfi.,  Brrlin,  1866,  Nc.  21. 

3,I;i.inut,  Ztschr.  f.  jduisiol.  ('hem.,  Stiassbiirg,  1889,  Bd.  xiv.  S.  289. 

•«ScL-  p.  761. 

^  Jinirn.  J'hyscnl.,  Caiiil>ri(l<^e  and  London,  1894,  vol.  xvi.  p.  468. 

^  "T(xt-l{«)ok  ofCheniical  Pliysiolofiy  and  Patholo|ry,"  London,  1891,  pp.  316-330.  Here 
numerous  referencos  to  previous  work  on  the  sul»ject  will  be  found.  Among  subsequent 
papers  may  be  mentioned  those  of  (Mifhlhs,  Compt.  rtnd.  Acnd.  d.  5C.,  Paris,  1892. 
tome  cxv.  j.j).  259,  419,  474,  669,  738  ;  exvi.  p.  1206. 
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Nitrogen,— The  blood  contains  abuiit  1*8  voluraes  per  ceoL  of 
nitrogen,  and  ihis  is  present  chiefly  in  a  condition  of  solution.  Thus 
IwOfchar  Mt?yer*  and  others^  have  found  that  the  absorption  of  nitrogen 
by  defibrinated  blood  ia  ]^roportional  to  the  pressure.  This,  Paul  Bert  ^ 
fthcjweib  was  also  the  case  in  living  animals,  but»  owing  in  the  want  of 
perfect  ventilation  itf  tlie  lungs,  the  inereaw  did  not  exactly  folluw 
Dalton'a  law.     Thus — 


Frmuniii 

Percentage  of 
Nitrogen  in  Do^'a       1 

PwMure  In 
Atnioftpherwi. 

PercQDtftge  of 

1 
2 
3 

»     1 

3-0 
8-9 

5 

7 

10 

6-0 
7  0 
9-4 

The  coetficient  of  absorption  of  water  for  nitrogen  b  small,  and  the  blood 
has  even  leas  power  of  ab^surptioii,  for  Feru«t,  Set^chenow,  Hilfner,  and  others  * 
have  shown  tluit  the  presence  of  otlit^r  .substances  in  solution  dijjdnit^hes  the 
capacity  of  water  to  absorb  ga^es,  Tho  following  table  shows  the  coefficient 
of  absorption  of  water  for  nitrogen  at  ilitlerent  temperatures  ; — 


COWFICIKNT  or  AHftORlTIOS. 

TRMFCRJkTU&C. 

Butuwn.* 

Hilfner" 

WijiWerJ 

0" 

0-02035 

0-02348 

5* 

0'017»4 

.., 

0*02081 

10* 

0*01607 

» 

0-018ft7 

15- 

0-01478 

... 

0*01682 

20" 

0'O14OS 

0*01406 

0'0K';42 

25' 

0  "01857 

00113! 

SO" 

... 

0  01308 

001340 

ST"* 

... 

0'0123& 

**. 

40' 

0-01210 

O'OllSS 

*  **Die  Ga»e  dt'S  BlnU^s,'*  Inaiig.  Dins.,  GottingHi,  1857,  S.  fi6. 

*  S45tac]ie«ow»  Siirangith.  tt  k.  Akad.  d,  }Vis9en»ch.  Matfi.'itaiurto,  CL^  Wieii,  BiL  xxxvi, 
8.  293. 

*  **  Lii  pression  Uaromt^triqup,*'  Paris^  187S,  p.  661. 

*  Fernet,  Attn,  d,  .w.  nrtt,,  Ptti-ia,  St^r.  4,  **Zrir>].,"  tome  viii.  p.  125  ;  Setsclieiiow,  J/^!^??^ 
Arad,  imp,  d,  «*•.  de  St,  P/fentboitr^,  1879,  tome  xxvi.  p.  6;  ZtMchr.  f,  phyMikai.  Ch&m.^ 

I  Leipzig',  1889,  M.  iv.  S.  117  ;  Hunier.  Arth.f.  PhysioL,  Leipzig,  1894,  S.  lUO  ;  1895,  S. 
I20i^  ;  Mac'koij/R\  Ann,  d.  Pfnjs.  u.  CfmtL,  Leipzig,  1870,  Ba,  i,  S.  438;  Bohr,  **E.\per. 
FUiitersucU.  ih  d.  SjiuerstutrAnfiiahuiu  tl*^s  BlutfaibstulTts,*'  CopeuLagen,  18SJ>j  S.  37. 

*  "  GasonietriHL'hti  MetboJen/*  1857,  S.   136  (*'Caiomi*try/"  Roscoe's  transl.,  London, 
[^1857). 

'^  Ann.  d,  Phy»,  i*.  CVw.,  Loipadg,  1877,  BJ.  i.  S.  632;  Arth.  /.    Phti.Hiol.,  Leipziif, 
1890,  S,  27. 

'f  Zlschr, /,  phfmkal.  Chan.,  Leip/tg,  1892,  Bd.  ix.  S.  17^^. 
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viously  breathed 
and  carbon  dioxi 
rapidly  diffused  f 
Carbon  dioxiQi 


ruii/ucr  j^iv/  at  the  nitrogen  is  simply  in  solution  are  afforded  by 

two  experiments  u  le  by  Ttidger.  Blood  subject^id  to  the  vacuum  of  a 
mercurial  pump  qu*  kly  gives  off  its  nitrogen ;  thus  at  0"  all  the  nitrogen, 
but  less  than  halt'  t  e  oxygen  and  tbree-qinirters  o!  the  ear  lion  dioxide, 
were  given  off  in  t  enty  liours.^  The  blood  of  u  dog  which  liad  pre- 
a  few  minutes  a  mixture  containing  only  oxygen 
yielded  no  nitrogen  to  a  vacuum;  that  ga^  had 
tlie  blood  into  the  air  of  the  Uings.^ 
^The  nature  of  the  connection  between  the  carbon 
dioxide  and  the  blood,  which  contains  it,  is  very  difficult  to  follow,  and 
has  given  rise  to  nmch  discussion.^  Tliere  is  no  single  sulmtance  with 
which  the  whole  of  the  carbon  rlioxide  is  conibineil ;  it  is  present  both 
in  the  red  corpuscles  and  plasma,  and,  after  i^riagnlation  of  the  blood, 
in  both  the  clot  and  serum.  It  will  be  well,  therefore,  to  conBider — 
(1)  The  amount  c^f  this  gas,  wliich  may  be  in  a  »tate  of  simple  solution 
in  the  blood  and  in  serum ;  (2)  the  riuantity  in  loose  and  firm  ehemicml 
combination  with  substances  in  tlie  corpuscles  and  in  the  pkgma  and 
serum  of  the  blood. 

Carbon  dioxide  is  much  more  soluble  in  water  than  oxygen  and 
nitrogen.  Plasma  and  serum  are  not  able  to  retain  in  sinjple  solution 
as  much  carbon  diuxide  as  can  a  similar  \  uhnue  of  pure  water,  for  it 
has  already  been  merjtioned  thiit  the  jjresence  uf  indifferent  suljstanees 
in  solution  diminishes  the  capacity  of  the  fluid  to  absorb  gases.  There 
are,  however,  exceptions*  to  this  general  rule,  antl  it  is  therefore 
necessary  to  deifrrninc  rxjinninriitrrlly  IIk'  fUHnrptinn  ^^(*et!Tf*ient  nf 
carbon  dioxide  in  blood  before  we  conclude  that  it  is  less  than  in  water. 
This  experiment  was  made  by  Zuntz,^  who  neutralised  the  blood  with 
phosphoric  or  oxalic  acid  in  order  to  eliminate  its  chemical  affinity, 
saturated  it  with  carbon  dioxide,  and  then  determined  the  amount 
absorbed.  He  found  that  the  coefficient  of  absorption  for  calves'  blood 
with  a  specific  gravity  of  1038  was  1*626,  and  that  for  sheep's  blood 
with  a  specific  gravity  of  1052  was  1*547  at  0°. 


Partial  Preshirk  of  CO2  ix  the 
MixTi  RE  OF  Oases  Uhed. 

Carbon  Dioxide  in  Doo'h  Serum  (0*  and  7<»  Mm.X 

Mm.  mercury. 

Percentage 

of  an 
Atmosphere. 

Total. 

Quantity  Absorbed- 

Quantity  in  Oheniical 
Ck>mbiiia(ioii. 

105-8 
351-4 

747-8 

13-9 
46-2 
98-4 

61*1  percent. 
122-1 
202-2 

20*7  percent. 
68-8 

146-4 

46*4  per  cent 
53-3        „ 

55-8 

*  Pfliiger,  "  Die  Kohlensaure  dcs  Blutcs,"  Bonn.  1864,  S.  12. 
-Plliiger,  Arch./,  d.  gcs.  Physiol.,  Bonn,  1868,  Bd.  i.  S.  104. 

^  For  further  details  see  Zuntz,  Hermann's  -'Handbuch,"  Bd.  iv.  Th.  2,  S.  64; 
Hammarsten,  '*  Lehrbueh  der  ph3^siologischeu  Cheniie,"  Wiesbaden,  1895,  S.  536;  Setsche- 
now,  Altm.  Acad.  imp.  d.  sc.  de  St.  F^^rsbourg,  1879,  tome  xxvi.  p.  6;  Zuntz,  "Beitr. 
z.  Physiologie  des  Bhites,"  Inaug.  Diss.,  Bonn,  1868,  S.  33. 

*  Buchanan,  Proc.  Hoy.  Soc.  London,  1874,  No.  15,  p.  192. 

*"Beitr.   z.   Phy.siol.'  des  Blutes,"  S.  39;  Hermann's   ••Handbuch,"   Bd.   iv.  Th.  2, 
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Setsdieiiow  ^  caleulateil  that  eerinu  held  in  Biinple  solution  99  p^r 
cent,  of  the  amount  of  carhon  difixide  which  distilltHl  water  would 
absorb  uudor  fiiiiiilar  wmditiuim,  and  tliat  oiie-tenth  of  the  total  carhou 
dioxide  in  the  seruiu  of  tlogn  f>lood  was  in  simple  sulutiou.  The  result 
of  further  ex|ierinieuts  luaile  hy  /uotz-  iipun  these  points  in  ahowii  iu 
the  table  ou  p.  770. 

In  the  next  plaee,  it  is  necessary  to  consider  the  amount  of  carlion 
dioxide  in  loose  and  firm  eheniieal  eondjiuation  with  suhetauces  in  the 
corpuflclee,  plasma  and  serum*  Most  of  the  gan  is  contained  in  the 
plasma  or  serum,  for  these  iluids  contain  a  larger  qnantity  of  carhou 
dioxide  than  that  which  can  he  iditaincd  from  an  equal  vnhnue  of  hlood. 
The  greater  quantity  of  the  gas  is  in  a  state  of  loose  rjieniical  eonihination 
iu  the  serum,  for  much  nf  it  ean  he  extracted  hy  tlie  action  of  the 
vacuum  of  a  hloixl-pump;  the  remaintler,  however,  ia  in  firm  chemical 
comliination,  antl  is  only  set  free  in  the  pump  hy  the  additi*>!t  of  an 
acid.  In  this  respect  a  markcil  enn trast  is  oltserved  lietween  hlood  aud 
serum,  fivr  ull  tfie  carlion  dioxide  rao  be  extraeted  from  tlie  former  hy 
the  action  of  the  vaeuuin  alo!ie,  the  lia^moglolan  of  the  red  ei>ri»usc]es 
playing^  appireutly,  the  ]»art  of  an  aci<l. ' 

The  following  table  sJiows  tlie  amount  of  earl)i»n  dioxide  in  loose  and 
firm  chemical  comhhuitioii  in  serum  : — 


Cahmon  r>i*itllJK  |?i  Sisfii-M. 
(Volunicii  percent*) 

OAnaosf  UmiiPS  ik 
(Vo!uine}«  jH-reenl.) 

OUHK.HVKK. 

E3EtimGtcdb> 
Tftcuum. 

III  Flrtu  Cotii- 
biiiation. 

TotAl  in  Com- 
tijnatiriii. 

184 

31-3 

44-7 

M-b 

Sclui'tiVr.-* 

21*1 

21*9 

43*0 

35  0 

IT 

41-6 

4-9 

49-5 

... 

Pfltlger.* 

85-2 

9-3 

44^6 

... 

i* 

U^ 

d'9 

26*8 

Zuiitz." 

22i) 

J21 

34*4 

... 

ti 

22-5 

13-5 

36-0 

91 

2e-9        1 

17*0 

43-9 

It 

The  dinVrt-ncf*f<  iu  tl^.'se  ri'sidts  are  due,  a.s  Zmitz"  has  pninted  mit, 
to  tilt'  puwi'rfid  ai'tiiai  nf  I'fluj/er'H  pumjij  and  to  the  comentration  of  the 
Hermii  diiring  itn  fxiKistirf!  tu  tht*  vmumn.  The  earboimt+is  <if  the  ^ennu  give 
off  their  gas  iiuire  readily  wh<jn  the  suhitioji  is  nmcinitrated  j  thiH  CMmplir'fiticm 

'  Zoc.  tit^  CenlrixihL /.  d.  w*v/.  irivsnmft.t  BtnVm,  1877,  TCo.  35. 

=*  Re  mi  aim's  '*  llarniljiRh,"  Bd.  iv.  Th.  2,  8.  (58. 

=»  Setjscheiiow.  saz^tH4j»k  d.  k.  Atad.  d.  in«semch,,  Witu,  1859,  11<I.  xxxvi.  8.  293; 
Pflllger,  *n'eber  die  KohleriHiiun?  iIp.h  Bliites,"  Boon,  1S64,  8.  5  ;  Ziintz,  CcrUraibl.  /.  tL 
med,  Wissensrh.,  Ikrliti,  18^7,  S.  ^t27, 

^Sii^f^gsb,  d,  1%  Ahut  d.  iris'xitsrh,  MafJK^twfvri'\  Cf.,  Wiciij  1860,  Bd.  xli.  R.  ^16. 

*  **Ucberdie  KoljliMiftaurii  <los  Blutcs/'  Bonn,  1564,  S.  11. 

^CtnimlbLf.  d.  nuti,  ll'Usensi^h,,  B^rlin»  lSt37,  S.  5LJ9  ;  Hentjann's  **  Hmidbuch/' 
Bd.  iv.  Th.  2,  S.  45. 

'^  Loc,  CiL 
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was  avoided  in  the  analyses  made  by  Zuntz,  by  the  addition  of  distiUed  water 
in  sufficient  quantity  to  maintain  the  concentration  of  the  fluid  at  its  original 
point.  Preyer  ^  found  that  the  proportion  of  carbon  dioxide  in  loose  and  in 
firm  combination  was  as  2  to  3 '5. 

The  next  question  to  discuss  is  tlie  nature  of  the  substances  with 
which  the  carbon  dioxide  is  combined.  The  facts  already  mentioned 
show  that  these  substances  are  to  be  sought  chiefly  in  the  senun.  In 
the  first  place,  analyses  of  the  ash  of  serum  show  that  the  most  important 
constituents  are  tlie  alkalies ;  thus,  according  to  Bunge's  ^  experiments, 
the  ash  from  1000  grnis.  of  dog's  serum  contains  4'341  grms.  sodium,  of 
which  3*4G3  grms.  is  sufficient  to  saturate  the  chlorine.  The  remainder, 
0*878  grms.  sodium,  can  combine  with  0*623  grms.  carbon  dioxide  (316 
c.c.  at  0'  and  760  mm.)  to  form  sodium  carbonate,  and,  in  addition,  with 
another  equal  quantity  to  form  sodium  bicarbonate.  Thus  calculated, 
a  litre  of  plasma  could  hold  632  c.c.  of  carbon  dioxide,  or  63  volumes 
per  cent,  in  chemical  combination.  This  must  be  considered  only  as  an 
approximate  result,  for  the  amount  of  sodium  carbonate  in  serum  cannot 
be  accurately  determined  by  an  analysis  of  the  ash  or  by  titration,  for 
the  alkali  is  combined  with  other  substances,  especially  with  proteids.* 

The  alkalies  of  the  blood  are  the  most  important  constituents  for 
holding  carl)on  dioxide  in  combination.  Serum  freed  from  gas  can 
combine  with  as  much  carbon  dioxide  as  is  necessary  to  fonn  bicarbonates 
with  its  alkalies ;  any  reduction  in  the  alkalinity  of  the  blood  is  accom- 
panied by  a  decrease  in  carbon  dioxide.  Thus  Walter*  foimd  only 
2  to  3  volumes  per  cent,  of  carbon  dioxide  in  the  blood  of  rabbits  poisoned 
by  hydrochloric  acid  ;  Geppert  and  Zuntz  ^  observed  that  the  alkalinity 
of  the  ])lood  of  rabl)its  was  diminished  by  .the  acid  formed  during  tetanic 
muscular  activity,  and  at  the  same  time  there  was  a  decrease  in  the 
carbon  dioxide  of  the  blood.  During  diabetic  coma  the  alkali  of  the  blood 
appears  to  be  iii  great  ])art  neutralised  by  combination  with  3-oxybut\Tic 
acid;^  and  Minkowski"^  found  only  3*3  volumes  per  cent,  of  carbon 
dioxide  iu  the  blood  of  a  patient  suflering  from  dialectic  coma. 

Another  su))stauce  with  which  the  carbon  dioxide  is  supposed  to 
combine  in  serum  is  disodium  hydrogen  i)hosphate^  (Na2Hr04),  with  the 
formation  of  sodium  })icarbonate  and  sodium  biphosphate.     Thus — 

Xa,HrO,  +  CO,  +  H,0  =  NaHCOa  +  NaHoPO^. 

Sertoli^  and  IMroczkowski,^^  however,  found  that  the  quantity  of 
phosphoric  acid  in  the  serum  is  so  small  that,  if  allowance  be  made  for 
that  contained  in  lecithin  and  miclein,  the  amount  is  quite  insufficient 

^  Sitznwjuh.  d.  k.  Akad.  d.   WisAP.nsch.  Malh.-nnturir,  Cl.^  Wien,  \^^\.  xlix.  S.  27. 

-  ZtscJir.  f.  HioL,  Miinchen,  187^),  IM.  xii.  8.  204;  '*  Lehrbucli  dcr  physiologischrn 
und  pathologisclieii  Cli<'niie,"  Leipzig,  ISSO,  S.  254. 

Mloppo-St^vler,  "Physiol.  Cliem./'  Berlin,  1879,  Bd.  iii.  S.  502;  Sertoli,  Mrd. 
rhcm.  Unfcrsvrh.,  Berlin/l8G8,  Hoft  3,  S.  350. 

*  ArcJt.J.  i.ipcr.  Path.  u.  Pharmakol.,  Leijizig,  Bd.  vii. 

'•  Arch.y.  il.  fji's.  Physiol.,  Bonn,  1S8S,  Bd.  xlii.  S.  189.     See  also  this  article,  p.  714. 
^  Stadeliiiaiin,   Arch.  J.  cxper.   Path.   u.    PharmakoL,   Leipzig,   Bd.   vii.  ;    Minkowski, 
ibid.,  Bd.  xviii.  ;  Mitth.  a.  d.  mrd.  Klin.  :ii  Konifjsln'rg,  Leij)zig.  1888. 
'  Lo<\  cit. 

*  Fernet,  Avn.  d.  sr.  mil.,  Paris,  Ser.  4,  tome  viii.  p.  160;  Ileidenhain  and  L.  Meyer, 
Stud.  d.  jyhi/si"/.  Inst,  zu  JJrisiau,  Leip/^ig,  1863,  Helt  2;  Ann.  d.  Chem.  u.  Phartn., 
1862-<;3,  Supp.  Pxl.  ii.  S.  157. 

^  Hopp<'-S('v]..T,  M<d..chfm.   Unt'rsurh.,  Berlin,  1868,  Heft  3,  S.  350. 
1^  CrvtralhL  f.  d.  wd.    Wiss^nisrh.,  Berlin,  1878.  No.  20,  S.  356. 
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to  play  any  ioiportant  part  m  coml»inmg  with  carbon  dioxide.  Bunge,*  on 
the  otiier  hand,  maintains  that  in  dog'w  blood  tlie  quantity  i>f  i^liusphoric 
acid  is  nutficient,  and  that  only  a  small  quantity  is  coiabinetl  with  alkalies 
in  the  plasma ;  lie  agrees,  however,  with  the  previous  obsen^ers,  that  the 
amount  of  phosphoric  acid  in  the  blood  of  the  ox  and  the  pig  is  very  sntalL 
There  is  also  evidence  to  slmw  that   the    proteids,  especially  the 

.  ghnbulin  of  serum,  play  some  |mrt  in  forming  eombinatious  with  carbun 

'dioxide.  Setschennw^  ronsirlered  that  the  globulin  formed  a  combina- 
tion with  the  carbon  dioxide,  whereas  Sertoli  held  that  tlie  globulin 
acted  as  an  acid,  and  in  the  serum  was  combined  with  an  allcali. 

I  The  blood  corpuscles  contain  about  one-tlnrd  oi  tJie  total  carbon 
dioxide  found  in  the  blood. ^  Tlie  gas  is  in  loose  ehennu^il  combination 
prot»ably  with  tlie  alkali  of  the  phosphates,  glol>ulin,  and  lia  niogloliin 
of  the  corpusclc^s,  and  dirc<-tly  with  the  ha.iiiogloliiii.  Setschenow 
c^ilcnlates  that  in  lUO  volumes  f»f  blood  the  red  corpuscles  contain  10 
vulumcs,  and  the  wdnte  cor]>usc!es  2'0  volumes  of  carbon  dioxide. 

Tlie  experiments  of  Setschenow,*  Zuntz,^  Bohr,^  and  Torup^  show 

[that  crnrbon  dioxide  combines  with  lucmoglobin  even  in  tlie  absence  of  an 
alkali.  A  solution  of  jiure  rrystallised  ha  moglobin  absorbs  nmre  carbon 
dioxide  than  does  an  equal  vobime  of  water,  and  the  amoiuit  of  gas 

»absorbe<l  is  relatively  large  for  Ioav  pressures,  tint  relatively  small  for 
high  pressui'es.  According  to  Bc^fu",  1  grm.  of  Inemoglobin  at  18 '4,  and 
under  a  pressure  of  30  mnL.comliines  with  2'4  c.c.  of  carbon  dioxide; 
the  pigmented  portion  of  the  hicmoglobin  is  supposed  to  combine  with 
oxygen  aud  tlie  ]niiteid  portion  with  carbon  cHoxitle. 
Further  investigation,  however,  is  necessary  before  it  will  be  jKissible 
I  with  any  exactitude  to  flecide  the  relative  importance  of  the  difVerent 
combinations  with  the  ciirbon  dioxide  of  the  blood. 
The  canges  of  the  exchange  of  gases  between  the  air  in  the 
lungs  and  the  blood.— The  oxygen  of  the  blood  is  derived  from  the  air 
in  the  alveoli  of  the  lungs:  the  carbon  dioxide  in  the  expired  air  comes 
frc»ni  the  pulmonary  blood,  and  ultiniately  from  the  tissues  of  tlie  body. 
The  inspired  air  contains  at  0"  and  700  mm.  2096  volunies  p»er  cent, 
of  oxygen,  tlie  expned  air  about  16  i)er  cent.,  and  tlie  tissues  no  free 
oxygen ;  the  carbon  dioxide  is  0  03  %^olume8  fjcr  cent,  in  the  inspired 
air,  about  4  in  the  expired  air,  and  in  tlie  tissues  is  l>eing  eonstantly 
produced.  There  would,  therefore,  a]q)ear  to  be  suHicient  causes,  both 
pliysii'al  and  chemical,  to  determitie  the  passage  of  the  oxygen  inwards 
and  of  the  carbon  dioxide  outwards. 


k 


Oxygen,  Alveolar  ab  — ^  Blood  - — ^  Tissues. 

Carbon  Dioxide,    Tissues         — ^  Blood  — ^  Alveolar  air. 


*  ZU^hr.  f,  Biol.,  Miiiiolien,  1876,  Bd.  xii.  S.  206;  ^'LolirbucU  der  physiologisclieti  ond 
pftthologisrheu  Chcmie/'  Leipzig,  188&,  S.  256, 

^  Arch.f,  4.  g€S.  Fhijsiol.,  Bonn,  1874,  Bd,  viii.  S,  1  ;  Cenfraibi.  /.  d.  vifd,  Wuacii^h., 
Berlin,  1877,  No.  U5;  IS79,  No.  21 ;  Btr,  d.  fhidsch.  chtm.  GtsflL^h.l  Biirliu,  1879,  Bd,  xii. 
8,  S55  ;  i/t^m,  Acad.  hup.  d.  $c,  de  St.  PtUrnhourgy  18 7 i*^  tonio  xx\i.  No.  13. 

*  Alex.  ScltTuidt,  Brr,  d.  h,  mchs,  GeseHsch.  d,  Wissatseft.  Moih,-phy$.   CL^  Leipd;^, 
J 1807,  Bd-  xix,  H,  30;  Zuntz,  CetUrcUU.f,  cf.  mcd.  IVisseitscK,  Berliu,  1867,  S.  529;  Her- 

nti'a  •*  HmidbiKdi,"  Ikl.  iv.  Th.  2,  S.  72  ;  Fredericq,  *'  Eech«rohcs  %m  la  constitution  du 
m*8aniruin,"  (iand,  1H78,  p.  49. 

*  Ceniraibl.  f,  rf,  med.  Wissfusfh.,  Berlin,  1877» 

*  Herman  n'a  *^  Handbuch/'  Bd-  iv.  Tli.  2,  S.  7tJ» 
^  BfUr.  z.   PhynoL   Carl  Litdwiff  z.  *.  70  OrlntrM.,   L*jrp/.ig,  1887,  *S.   164;    Jahresh, 

[_#.  d.  Fiyrisehr,  d.  Tkier-Chem.,  Wieabnd*-'ii,  Bd.  xvii.  S.  llfj. 

JJahn^*  Uw-AJHofUehr.  d,  ThitrChan.^  Wiesbaden,  B<L  xvii.  S. 
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The  evidence,  however,  in  support  of  this  explanation  most  be 
examined,  for  of  late  it  has  been  challenged,  especially  by  Bohr.^  In 
the  first  place,  it  is  necessary  to  remember  that  tlie  composition  of  the 
alveolar  air  is  not  represented  by  that  of  the  air  expired.  The  composi- 
tion of  the  inspired  and  of  the  expired  air  and  the  tension  of  their 
component  gases  can  be  readily  determined.  The  tension  of  oxygen  in 
the  inspired  air  is  159  mm.,  under  the  mean  pressure  of  an  atmosphere, 
760  mm.  It  is  difficult,  however,  to  obtain  with  accuracy  similar  data 
for  the  air  of  the  alveoli.  From  the  numerous  analyses  of  expired  air 
in  a  man,  it  is  possible  to  form  only  a  rough  estimate  of  the  alveolar  air : 
it  probably  contains  5  to  6  per  cent,  of  carbon  dioxide,  and  14  to  15 
per  cent,  of  oxygen;  and  the  tension  of  the  former  would  be  about 
36  mm.,  and  of  the  latter  about  114  mm.  Lowy^  calculates  that  the 
tension  of  oxygen  in  the  alveoli  of  the  human  lungs  is  from  12*6  to  13*5 
per  cent,  of  an  atmosphere,  or  about  99  mm.  of  mercury. 

In  animals,  direct  determinations  of  the  composition  of  the  alveolar 
air  of  an  occluded  portion  of  the  lungs  have  been  made.  For  the 
collection  of  this  air  Pfiiiger^  constructed  a  special  catheter  (Fig.  71). 

It  consists  of  an 
ordinary  fine  elastic 
catheter,  surrounded, 
except  at  its  extrem- 
ities, by  a  tube  with 
a  rubber  enlargement 
towards  the  free  end 
of  the  catheter.  Tlie 
instrument  is  so  small 
that,  when  introduce<l 
through  the  trachea 
into  a  bronchus  of  a 
do^,  it  causes  no  hind- 
rance to  the  free 
])aRsao;e  of  air  into  the  other  ])ai'ts  of  tlie  lungs.  The  rubber  enlarge- 
lueiit  is  now  iiiHatcd,  and  shuts  oil*  a  ])ortion  of  the  lungs,  from  which 
the  alveolar  air  can  be  withdrawn  through  the  inner  tul>e  of  the  lung 
catheter.  In  such  experiments  Woltlherg*  and  Nussbauni  ^  found 
that  the  alveolar  air  of  a  dog  contained  3'5  per  cent,  of  carbon  dioxide, 
whereas  llie  expired  air  yielded  2*8  volumes  per  cent.  It  is  to  be  noted 
llial  this  value  for  the  alveolar  air  is  higher  than  the  normal,  for  the  air 
in  tlie  alveoli  was  shut  of!"  from  the  tidal  air,  and,  in  fact,  represents  the 
air  after  an  equilibrium  had  been  established  with  the  gases  of  the  Idood 
l)assing  througli  that  portion  of  the  lung  sliut  oil"  by  the  catheter. 

In  the  next  ])lace,  it  is  necessary  to  consider  the  tension  of  the 
oxygen  and  carbon  dioxide  present  in  the  blood,  and  this  involves  a 
jireliniinaiv  study  of  the  du^ociation  of  oxyhaiuoglobin.  Under  the 
ordinary  tension  (►f  oxygen  in  the  air,  ]ia*nioglobin  readily  combines 
with  oxym*n,  l)ut  if  the  external  pressure  l)e  lowered  suflicientlv,  then 
oxygen    is  given   oil',   and   the    (Lxyha-nioglobin    undergoes  dissociation. 

^  Skanilu}.  A ,rh .  f.  J'/ii/sio/.,  Lv\]m'^,  18<n,  Hd.  ii.  S.  2^i\. 

-  Jrch.  f.  d.  t/rs.  J'/iys'ioL,  Bonn,   18'J4,   Bd.  Iviii.   S.  416:   "  rntcisuch.  u.  d.  Respiia- 
tiou  und  Circulation,''  189.'!,  S.  20. 

^  yfrrJi.   f.  (/.  f/rs.  Plnisinl.,  Bouii,  1S72,  Bd.  vi.  S.  43. 
^  IhvL,  1871,  Bd.  iv!  S.  4r)5  ;  1872,  Bd.  vi.  S.  23. 
5  IhUi.,  1873,  lid.  vii.  S.  296. 


Fig.  71. — Pfliiger's  lung  catlietcr. 
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The  fofcse  with  which  the  oxygen  Beparates  from  the  hauiiuglobiii 
under  these  circumstances  is  called  the  tevi^mn  of  dismmation.  The 
most  imiMntant  researehoB  upon  thiB  subject  are  those  of  Hiifner.* 

The  conditions  of  the  ilissociatioii  of  oxyhcPiuoglobin  are  the  same,  uhotlier 
it  is  a  solution  of  fn'sldy-raiide  puro  crystals  of  htemnglobin,  (>r  fresh 
defibrinat^d  IjIoo<L  The  Jissociatiun  is  depenVlent  upon  the  (  fimentratiim  of  the 
solution  of  hafmitglobin  ;  thns^  a  weak  i*okition  is  rnc»re  readily  diHsociated  under 
a  given  jiressnrc  than  a  stmng  solution.  It  in  aUo  alfected  by  tcuiperatnre.- 
As  regards  presnure,  Hlifner  found  in  the  case  of  a  solution  containing'  14  jier 
cent  of  oxylijemnglobin  at  35,  that,  under  a  tension  of  oxygen  id  1.52  mm., 
98'42  fier  cent,  of  tlic  pigment  wjis  i>xylifenioglobiii,  ami  l'r>8  j>er  cent, 
liaemoglMbin.  When  tlie  tension  nf  oxygen  wan  reiluced  to  75  nniL.  tlie 
l»ereentages  of  nxyha^iiingliibin  and  of  li.Tino^^Hobin  were  re'jjjeetively  9rr8t»  and 
3  11,  and  with  a  lower  pressure  tlie  di-^sociation  Ijeeanie  ni<pre  rapid,  aa  shown 
by  the  following  curves  : — 
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Fig,  72. — Curves  nl  ^liHSocirttioii  of  ox^'Iju'riu^iIoImh.    Th^ 

tuolatiot)  containing  14   jht  ceiit.  of  Iih  iiiogluliui,  tht*  ii]ti'rni]ittil 
4  p«r  ceat.  nolutiun. 


Thn  rojitinuoiiN  line  is  for  a 
line  for  II 


It  is  now  neccs.sary  to  coiiipun^  with  the  tension  of  the  oxy^a^ii  and 
carbon  dioxide  in  the  alvetdar  air  tlie  tfUwinn  of  those  gawes  in  the  blood. 
Fnr  the  detertid nation  of  these  tensions  in  bhnid  rtlnger'*  used  a  8i»ecial 
instrument,  known  as  the  neriplunonieter  (nee  Fig.  7*>K 

The  prinei[)]e  nf  the  aernlonitmrter  and  nf  otlui' similar  iastrunn'ut^  is  this: 
Blocxl  in  centuct  with  a  nuxtun*  ^f  (»xygi*ii,  nitrogen^  an»i  rarbon  dioxide  givi-a 
ii|i  .some  tif  its  gas*'s  if  their  j partial  prefigures  are  greater  than  tliose  of  the 
corresjKinding  gJi?<i"s  in  the  mixture;  nn  tlie  oilier  hand,  if  the  ti'itsions  of  tlip 
gaf?es  iu  the  hhiod  In-   lower  than   thi-    rcspeetiv*'   tinsituis  of  the  gaH*s   in  the 

mixture,  the  hi I  takis  up  gas«      Tln^st-  tnlirehiingi's  persist  until  equilihriuui 

is  ent^thhshed,  until    th<-    lru>ioh  nr  partial  pn-ssurr  nf  tie-  gas  in  the  lih^jd  is 

^Zinehr^f,  phturioL  Chem.,  Stmssluiy,  H<1.  vi.  8.  109:  Hil.  xii,  S.  r.82  ;  liil.  xiii, 
S.  285  ;  Arch,  /.  Pht/noL.  Uij^zig.  IMW,  8.  1  :  ihuL,  1S!»:-,  8.  21 -k 

*  Bras»B,  Compt,  rttui,  Soc.  di  hiol,,  Parin,  18>S,  S.  t)i>0. 

*  Deacribed  by  Strii3shurg»  ^Irch,  /.  c/.  fjfu.  Plty^tioL,  FJuiuij  1872,  1^1,  vi.  1?.  iS5, 
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equal  to  that  of  the  corresponding  gas  in  the  mixture.     In  the  aerotonometer 
the   blood   is  made  to   pass   in  a  thin  layer  through  a  glass  tube  or  tubes, 

containing  mixtures  of  gases  of 
known  quantity  and  tension,  and 
it  is  arranged  by  practice  that  the 
tension  of  the  gases  in  the  tubes 
shall  in  the  one  case  be  greater, 
in  the  other  case  smaller,  than  the 
tensions  of  the  corresponding  gases 
in  the  blood.  The  gases  in  these 
tubes,  after  the  blood  has  passed 
thtough  them,  are  analysed,  and 
from  the  alteration  in  the  propor- 
tion in  the  two  tubes  it  is  possible 
to  calculate  the  partial  pre«»ure 
of  the  gases  in  the  blood.  The 
aerotonometer  is  surrounded  by  a 
water-jacket  with  a  temperature 
of  39^ 

Figure  74  shows  the  con- 
struction of  a  similar  aerot4)no- 
meter,  devised  by  Fredericq.'  The 
blood  of  the  animal  is  rendernl 
uncoagulable  by  the  injection  nf 
peptone,  in  order  that  the  experi- 
ment may  be  continued  for  an 
^,  hour  or  two.  The  blooil  flows 
diro(itly  from  the  carotid  artery 
through  the  instrument,  and  re- 
turns to  the  jugular  vein. 
The  aerotonoiiK'ter  contiiins,  for  exanii>le,  at  the  commencement  of  the 
experiment,  oxygen  10  per  (U'lit.,  carbon  (lioxi<h'  5  i)er  cent.,  and  nitriigen  85 
per  cent,  of  aii  atmosphere.  The  blood  is  ])ass(Ml  through  for  one  hour,  an«l  at 
tlie  end  of  tliat  time  the  gases  in  the  aerotouoincter  are  analysed,  and  found  t«» 
be  14  |H'r  ('♦'lit  oxygen,  2"S  carlxm  dioxi<le,  and  tlie  remainder  nitnigen.  From 
these  tigurcs  it  is  concluded  that  the  tension  of  the  oxygen  in  the  blood  was 
14  per  ci'iit.  of  an  atmosphere,  and  that  of  the  carlxm  dioxide  2*8  per  cent,  of 
an  atiiiosj>hci'('. 

Bohr-  had  ])rcviously  introduced  a  moditied  aerotonometer,  the  "  haemat- 
aerometer,''  through  which  a  constant  and  rapi<l  stream  (»f  blo(Ml  ccmld  be 
maintained  during  each  experiuKMit  (see  Fig.  75). 

What,  tluMi,  are  the  tensions  of  the  gjises  of  the  blood  ?  The  results 
obtained  by  dilVerent  observers  are  very  discordant,  and  have  given  rise  to 
considerable  discussion.^  Nussbaum  *  determined  simultaneously  on  a 
(log  the  tension  of  the  caibon  dioxide  in  the  blood  from  the  right  side 
of  the  heart  and  in  the  air  of  the  alveoli;  he  found  for  the  former  a 
])ressure  of  *IS1  ])ei'  cent,  of  an  atmosphere,  and  for  the  latter  3*84 
]>er  cent.  The  tension  of  th(i  carbon  dioxide  in  normal  alveolar  air 
would   be   lower,  for   it  would   be   mixed   to  a  certain  extent  with  the 


Fic.  73.  —  Pfhiger's  aerotonometer. 


^  Caitr'iJh/.  f.  PJn/sin/..  Leipzig  n.  Wicii,  1803,  S.  :j3  :  FicMleri<M|  c-t  Niicl,  "Elements 
do  j)liv.siulogiL'  iiiiTiiaiiH'."  3''  cMlition.  1893,  p.  15t). 

-  Skaiulin.  Arrh.  f.  J'InjsioJ.,  Leip/.i^r,  181»1,  lid.  ii.  S.  23S. 

^  F^ohr,  lor.  ri(.  ;  Knderiocj,  (V.ntralhJ.  f.  P/njsio/.,  Leipzig  u.  Wien,  1893,  S.  33; 
Haldano    and    Lonaiii    Srnitli,     Jour/i.    PltijsioL,    Cambridge    and    L<mdon,     1896,    vol. 
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tidal  air.  Wulttberg^  found  that  the  expired  air  of  a  dog  conttiiaed  2'8 
volumes  per  rent,  of  carbuu  dioxide,  or  a  teiisioii  of  2 13  iiiiiL  of  mercury. 
Strassburg*  found  a  tensiou  of  ri"4  i-»er  cent  of  an  atmosphere  for  the 
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at'tDtOooiueter, 


¥ui.  75,  —  nnlii'b  liii  iiiiitacTiniKjtiiT, 


^^^irbon  dioxide  in  tht'  wunns  IAxmA  of  the  ri^dit  wide  ni   i\uj  heark     This 

^^Tihie,  higher  thiui  tho.se  ol»tained  l>v  WnlirLer'^  und  Niissh;nnji,  cnuld  he 

^^^xplained   by  tlie  frict  iliat  the  dttg'w  luii^^s  were  imt  .so  well  vt/utilated, 

^^iore  traelieotomy  had   not  been   pcrfunned.     In  arterial  hiood  StraBS- 

^jurg  founrl   the  tension   (pf  eailion  dioxide   t<i   be   22   to  38   j>er  cent. 

"^of  an  atmosphere,  and  for  the  oxygen  Hertcr-'  olitained  a  tension  of  10 

^!^>er  cent,  of  an  atinosjdierr. 

A^ery  diMerent  results  have  iM-eii  uliiainetl   by  Pxahr  ^  in  exjierinieutfi 

"^ipon  dogs.     He  obtained  fur  the  oxygen  tension  of  arterial  blond  results 

"^is  high  as  101  tn  144  nnu.  nf  mercury,  and  in  nearly  t^vcry  ease  the  tension 

'^'as  higher  than  the  tension  of  oxygen  in  Ute  air  iit  ttie  l^ifnreation  of 

^he  trachea,  in  one  Ciise  by  as  much  as  ti8  nnu.     Ah  regards  the  tensiun  of 

^jarbou  dioxide  very  dis('f>rdant  results  weriMibtained,      In  ele\en  experi- 

^uent8,  in  which  the  sniijoal  breathed   pure  air,  the  tensiiin  i>f  the  ear^xai 

^lioxide  in  the  arterial  blood  varicil  ]>etween  0  and  2S  mm.  of  mercury;  and 

in  five  other  experiments,  \v!ien  the  air  inspired  < miiained  caibfui  dioxide, 

1  Jrch.  f,  d.  tfr.H.  P/iftxhK,  lion II,  1S71,  I1<1.  iv.  S,  47S. 
^  IbtfL,  1872,*  Hrl  vi'.  8.  77. 


3   Vt^i.^    r    ,.ir... ...'.,/    r<i.^^. 
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the  tension  of  that  gas  varied  between  0*9  and  57*8  mm.  In  the  majority 
of  the  experiments  the  air  of  the  trachea  contained  carbon  dioxide  with 
a  higher  tension  than  that  of  the  gas  in  the  blood.  From  these  results 
Bohr  concluded  that  the  exchange  of  gases  between  the  air  of  the  alveoli 
and  the  l)lood  in  the  lungs  could  not  be  accounted  for  by  diffusion  alone, 
and  he  suggested  that  the  tissues  of  the  lungs  played  an  active  part  in 
the  absorption  of  oxygen  and  in  the  excretion  of  carbon  dioxida 

These  results  are  so  opposed  to  those  obtained  by  Pfltiger  and  his 
pupils,  that  they  naturally  are  subject  to  considerable  criticism.*  In  the 
first  place,  it  is  to  Ije  noted  that  the  respiratory  quotients  obtained  by 
Bohr  during  his  experiments  show  values  varying  from  0*54  to  I'Ol, 
results  which  suggest  imperfect  and  irregidar  ventilation  of  the  lungs. 
Hiifner  ^  contests  Bohr's  residts,  and  suggests  that  the  irregularities  in 
the  results  are  due  to  a  want  of  equilibrium  m  the  tension  of  gases  in 
the  blood  and  in  the  air  of  the  hiemataerometer.  He  finds  that  equilibrium 
only  ol)tains  after  several  minutes  and  vigorous  shaking  of  the  blood  in 
the  apparatus.  Similar  objections  have  been  made  by  Fredericq,'  who 
obtained,  for  the  tension  of  oxygen  in  the  peptonised  arterial  blood  of  the 
dog,  results  always  lower  than  the  partial  pressure  of  oxygen  in  the  air 
of  the  alveoli.  Further,  the  results  obtained  by  Fredericq  for  the  carbon 
dioxide  agree  with  those  given  by  Pfltiger  and  his  pupils. 

The  following  values  are  given  by  Fredericq  ^  for  the  tension  of  oxygen 
and  of  carbon  dioxide  in  percentages  of  an  atmosphere. 

Dotf. 


External  Air.  Air  of  Alveoli.  Arterial  Blood.  Tiasues. 

Tension  of  oxygen         .         .20-95         >         18  >  14  >  0 

Extcnial  Air.        Air  of  .\lvfoli.  W-nous  Blood.  Tiwues. 

Tension  of"  carbon  dioxide     .     0-03         <         2-8         <         3-81-5-4         <         5-9 

Quite  roccutly  Haldane  and  Loriain  Smith  '*  liavc  studied  the  tension  <»f 
oxy^'cii  in  th*'  arterial  blood  of  man  by  a  new  method,  which,  they  maintiiin, 
avoids  the  ])rol)al)lc  sources  of  fallacy  in  the  a(.'rotonomet<»r.  In  this  new 
method  the  tension  of  oxygen  in  the  arterial  blood  is  calculated  fr<»m  the 
|K'rcenta;.re  of  carljoii  monoxide  l)reathed  by  the  subject  of  the  exjieriment,  and 
from  the  tiual  saturati<Mi  of  his  blood  with  carlnin  monoxide.  The  re^idts  pve, 
for  the  (ixyj^'en  tension  of  human  arterial  blood,  a  value  of  26*2  per  cent,  of  an 
atmos|»hen',  or  200  mm.  (►f  mercury.  This  value  is  about  twice  }i.<<  high  as  that 
of  the  oxy^rcn  in  the  pulmonary  alveoli,  an<l  if  it  lie  correct,  it  follows  that 
diifusioii  alone  d«»es  not  explain  the  absorption  of  oxygen  by  the  blood  in  the 
lun^^s.  Haldane  and  Lorrain  Smith  discuss  some  of  the  possible  soun!e>  of 
error  in  their  methotl,  su('li  as  the  estimation  of  the  saturation  of  the  blo^nl 
with  (•arl)on  monoxide,  tlie  dissociation  of  car])oxyhannoglo))in,  the  eftect  of 
dilution  of  tlie  hspmoglobin,  and  the  excretion  or  oxidation  of  car]H)n  nionoxitle  ; 
but  the  test  exiteriments  which  they  made  confirm  them  in  their  opini<»n  of  it- 
accuracy. 

iJeforc,  however,  tliesc  I'esulls  are  acce]»ted,  further  ex|»eriments  are  needed 
to  test  tlie  meth(»d,  for  it    is   impossible  with  <»ur   j)resent   knowledjre  to  judtje 

^  See  also  criticism  l)y  Zuntz,  Fortsdii.  d.  }fol.,  Berlin,  1S90,  l>d.  viii.  S.  856. 

-  Arch.  f.  VhiisioL,  Leipzig,  1890,  S.  10. 

3  CcntraWl.f.  PJu/siol.,  Leipzig  u.  Wicn,  1893,  S.  33. 

*  Fredericq  ct  Nuel,  "Elements  dc  j>hysiologie  huniainc,"  Gand,  1893,  pp.  156-ir»8. 

^  Jovrn.  PhynoL,  Cambridgo  and  London,  1896,  voL  xx.  j>.  497. 
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it  ojrreftly.  Some  «>f  the  re^^ults  ubUiined  l>y  Hiildatie  ami  Lfirmiii  Smith  in 
thi^ir  examination  of  the.so  s<.«uri:es  of  fallacy  are  o|ip)*^o(l  to  those  ohtiiintil  by 
Hiifner  ^  and  Saint-Mart  in. - 

It  is  impossible  to  pass  a  verdiut  upon  «ueh  discordant  evidence, 
asjit'cially  sinee  fnitbi^r  invustigatinn  is  newssary  to  test  the  suimdness 
of  niiiny  of  tlie  expt^iiineuts  and  of  the  cikHLdn.sittns  based  ujion  the  rennlts. 
It  is  jiermisHible,  br»\vever,  to  accept  the  pnivi.sional  foiiclusinii  that  tlie 
exeliange  of  gases  between  the  bhtml  antl  the  uir  in  tbe  linigH  is  ellected 
by  physie^il  and  eln:'nne<il  nieanw,  (»f  wluch  the  most  iin pultun t  is 
dift'iision. 

According  to  tbe  calciilationH  made  liy  Ziintz/  tbe  sinfaee  of  tlie 
human  hmgs  is  90  s([uare  metres,  ami  through  tlii.s  thure  diirnse  during 
*|uict  breatlung  about  *^0U  ee.  uf  carbon  dir>xiilc  and  alioui  tbe  Haine 
Ljuantity  of  oxygen  in  a  nnnute.  Tln'ough  tbe  S([uare  centimetre  of 
surface  there  wmiid  i)ass  oidy  the  small  quantity  of  O'OUU.*  c.c.  of  gas. 
Now  Exner's*  experiments  show  that  throngli  the  square  centimetre  of 
a  sua]!  tihn  Oti  c.e.  of  air  (UHuwe  into  an  indifferent  gas  duiing  one 
minute.  Tlie  velocity  of  ditrusiou  i.s  propintional  to  tlie  density  of  the 
gas,  therefore  a  diliercuce  in  tension  of  .j,/,,,,  of  an  atinospliere,  or  Q'3 
mm.  of  luenmry,  would  be  sunicient  to  make  OOOOo  c.c,  of  oxygun  \m.m 
through  such  a  film  in  a  ujinute.  Further,  the  velocity  of  diMusinn  is 
propjrtional  to  the  coefficient  of  absorption  of  tlie  gas  in  tbe  lluid  in 
ipiestion,  and  inverj^ely  proportional  to  tbe  s([uare  root  of  its  density; 
therefore  the  velocity  for  carbon  <lioxiile  is  alxtut  thirty  times  greater 
tlian  that  of  oxygen,  and  there  is  needed  for  carbon  dioxi<lf  an  even  less 
ditlerence  »»f  tension  to  cause  a  diit'usion  of  gas  from  the  blooil  into  the 
alveoli.  These  cf>nsiderations  Zuiitz  suiquulw  by  tlie  following  experi- 
ment. The  bronchus  of  a  frog's  lung  is  ligjitured,  and  tbe  lung  is  placed 
in  carbon  dioxide;  within  a  minute  tlie  lung  is  distended,  owing  to  the 
diMusion  of  carbon  dioxiile  being,  on  account  of  its  liigh  coetlicient  of 
absorption,  abiiut  forty-live  times  greater  than  that  of  air.  If  a  tidte  be 
placed  in  the  bronclms,  the  difVused  ga.s  {-an  be  oilleeteil  and  measnretl 

DiHusiou  ajapears  in  lie  snlheii'iU  tu  arrumil  for  ihr  |»henonituia  i>f  giwuUH 
exehatigf*  in  the  kings.  ( Jthir  eotiditirai.s  possibly  assist  in  the  proecKs,  It 
has  h<"t'n  f<hown  that  oxygen  in  eonihination  with  hjenini^lnbiii  appears  to  have 
the  property  td  ilriving  out  earlMai  dioxith'/' 

Fleistihl  von  Marxffw^^  supiwjsi^s  that  the  suddiii  [M-ri-ussiini  giv^n  by  the 
mmtraction  of  thf  vi'iitrit^les  to  the  IiIihmI  assists  in  tlie  libera  tit  in  of  the 
carljoii  dioxide  in  the  hui;:s,  ;uid  of  oxy^^eti  in  the  arterioh^.*:  snpplyiiiL:  th*' 
tiHssueei  of  the  body.  This  therny,  howevia',  afler  the  critieisiim  lirtjught  forward 
by  Zuntz,''  appears  b>  be  nntenabli*. 

>  Arch./.  Phisiul,,  L^ip■dr,^  ],sr^r>,  S.  213. 

'  Compt.  TfiuL  AcmK  if,  ac,  J'-iris,  \m\,  (onip  rxii.  p.  1232  ;  1^1*2,  Uaw  v\y,  \\.  S:ir>. 

^  At€k.  h  'L  ifr\s,  rht/:^HfL,  huun,  1S8S,  IJ,].  xlii.  S.  408. 

*  Attn.  d.  rhus.  K.  Vhrm.,  Ltip/i^\  1^7.'.,  lid.  r]\\  S,  a^il,  443. 

*Ttii»  iirtide,  |i.  771.  See  alsa  Huhngn!!^  ,Ki'fziiittjsfK  tf.  k.  AhuL  *K  Wi»sai8di, 
Maih.''n^uru\  (7.,  W'mu  ll(h  xhiii.:  Werf^o,  Airlt.  /.  ff.  (frti.  Phynifti.,  lif>ini,  1S92, 
Md.  U.  S,  321  :  1892,  IM.  lii.  S.  194  :  ZiuU/.  ihuL.  B<1  lii.  S.  1^1,  198. 

*  '*  IMe  IktJcutinigtIt's  Hoi/srlilji^es  f.  *!.  Atlmnin^r,  liiu'  neiit*  Tliewrie  dfs  Respiration,'* 
Stuttgart,  1887  ;  Vt.ntmm.  f,  Plnmuf.,  lji\*7.\-^  u.  Wu-u,  1887,  S.  231,  662. 

^  Ardt.j\  d.  c/f^s.  rhi/atioi.,  Houu.  1S8S,  \UL  xlii  .S.  40-1 
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The  Exchange  of  Gases  between  the  Blood  and  the  Tissues. 
Internal  Eespiration. 

From  a  comparative  study  ^  of  the  process  of  respiration,  it  is  seen 
that  the  exchange  of  gases  in  the  simplest  forms  of  life  is  between  the 
external  medium  and  the  protoplasm  of  the  cell. 

In  insects  the  smallest  branches  of  the  tracheal  system  carry  oxygen  to  the 
individual  cells,-  which  are  often  the  seat  of  a  most  energetic  combustion.  In 
no  case  is  this  more  marked  than  in  the  luminous  organ  of  the  glowworm 
{Lami^yris  spleiulvlula)y  where,  as  Max  Schultze^  has  shown,  there  are 
special  cells  at  the  end  of  the  tracheae.  The  phosphorescence  still  continues 
after  the  removal  of  the  organ  from  the  insect's  body,  and  under  the  microscope 
is  seen  to  appear  lirst  in  those  parts  of  the  cells  which  are  around  the  ends  of 
the  tracheae.  The  luminous  cells  have  a  great  aflinity  for  oxygen,  as  shown  by 
the  fact  that  they  cease  to  give  out  light  if  confined  in  an  atmosphere  free 
from  oxygen,"*  and  readily  reduce  osmic  acid. 

In  the  higher  animals  the  blood  is  the  medium  which  supplies  the 
tissues  with  oxygen  and  removes  their  carbon  dioxide  and  other 
waste  products.  Reference  has  already  been  made  to  the  theories  of 
I^avoisier  and  Crawford  ^  concerning  processes  of  oxidation  in  the  blood, 
and  we  may  proceed  to  consider  the  experimental  evidence  which  has 
l)een  advanced  in  favour  of  the  view,  that  the  blood  is  the  chief  seat  of 
combustioiL  When  blood  is  shed  and  kept  at  the  temperature  of  the 
body,  it  becomes  gradually  poorer  in  oxygen,®  and  there  is  always  a  dis- 
tinct darkening  in  the  colour  of  arterial  blood,  even  within  the  first  few 
minutes  after  it  is  slied."^  These  changes  were  investigated  by  Pfliiger  in 
a  series  of  determinations  of  the  gases  of  the  blood,  and  he  found  that 
arterial  l)lo()d  received  directly  into  a  large  vacuimi,  surrounded  by  hot 
water,  gave  a  ])ercentage  of  oxygen  from  02  to  10  per  cent,  higher 
than  the  amount  extracted  by  the  slower  method  of  the  ordinary  gjis- 
])ump.  About  the  same  time  Alexander  Schmidt^  found  that  when  the 
blood  of  an  as])liyxiated  animal  was  ex])0sed  to  a  known  quantity  of 
oxygen,  thert^  was  an  a])sorption  and  disa])pearaiice  of  oxygen,  and  an 
increase  in  the  amount  of  carbon  dioxide.  The  ca])acity  of  Idood  to  bring 
alx)ut  tills  (»xi(lati()n  varied;  that  taken  from  contracting  muscles  coidd 
(Mmsiime  from  .*>  to  4  per  cent.,  that  from  the  heart  2  per  cent.,  and  bloo<l 
from  the  hepatic  vein  08  i)er  cent,  oxygen.  It  was  shown  by  Afanassiew  ^ 
that  oidy  the  Ijlood  cor])uscles  and  not  the  serum  could  take  u])  oxygtMj 
in  this  way,  and  Tschiriew  ^^  found  that  lyni})!!  resend)led  the  serum  in 
containing  no  reducing  substances. 

'  See  Paul  P.ort,  ''Lc<;<ms  siir  la  i)hy.siologif  loiupaiee  do  la  respiration,"  Paris,  1870  ; 
.loliaiims  Mullci,  "  EleTiiciits  of  Phy.siolOgy,"  Baly's  trans.,  vol.  i.  ;  PtUiger,  Arch.  f.  tf.  '/'S. 
r/il/sio/.,  pM.nn,  1.^7,'),  15.1.  x.  S.  '270. 

-  Finkl.r,  Jrrh.  f.  ,1.  r/rs.  J'hjmoL,  Bonn,  187;'.,  H<1.  x.  .^.  273  :  KuplTor,  Ihitr.  i.  ./»"'. 
u.  J'hysinl.  ,(/s  F>sf,'iah*'  ('.  Lndintf,  Lcipzirr,  lS7r).  S.  67. 

•■  Jrrh.r.  uiilr'.  Jp'ff.,  Bonn,"  18r».^,,  B.l.  i.  S.  P24. 

"•  Milne  Kdwanls,  '"  Lrcons  snr  la  physiolo^ii;  et  Tanatoinit.'  conijiart'e,"  tome  viii.  y\>. 
'Xi-]'10.  '  '       ^'  S.'c  ]..  7r.»:. 

'•  Xawiocki,  S/ikL  (/.  phiisinj.  Iiisf.  zu  HnsJuH,  Leipzig,  Btl.  ii.  S.  144;  Sachs,  Arch.  f. 
Aunt.,  rinjsloJ.  a.  vis.snisr/i.  J/.v/.,  ij^O'i,  S.  34.^. 

'  Pllu<,'.T,  Arch.  r.  d.  <rs.  I'hiisioL,  Bonn,  18G8,  Bd.  i.  S.  t>l  ;  Bernard,  Jovrn.  deVanat. 
rt  physi<,l.  fh\,  l»aiis,  ISfK^.  tome  i.  S.  23:i. 

*"  Ji<r.  d.  k.  srirl(<^.  f;rsc//sch.  d.  Jrissrnsch.  Mnth.-phys.  CL,  Leipzig,  1867,  Bd.  xix.  S.  99  : 
('cntrdJhl.  f.  d.  m<d.   U'issciisch.,  Berlin,  1S67,  S.  3.56. 

^  Brr.  d.  /:.  s'trjis.  Grs'/hch.  d.   Jri.<scn^'h.,  Leij.zig,  1872.  Bd.  xxiv.  S.  253. 
•"  Ibid..  1S74,  Bd.  XX vi.  S.  116. 
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Alexander  Schmidt  considered  that  in  the  blood  an  active  oxidation 
tocik  place,  for  he  cmicliKled  from  his  exi>eriiueiitR  that  readily  oxidisable 
sulistanees  and  active  oxvjLien  or  ozone  existed  in  tliat  thud,  and  further 
that  the  oxidation  in  the  hody  increased  with  tfie  velofity  of  the  blond. 
The  haemoglobin  was  lonkeil  upon  as  the  regulator  of  the  consumption 
of  oxygen,  and  thiB  erroneous  view,  projM'Junded  by  Lothar  Mayer,  is  still 
accepted  by  some  medical  writers. 

As  ill  all  tissues,  so  in  tlie  blood  there  is  a  certain  amoimt  of 
oxidation,  but  the  evidence  alrKnit  to  Ijc  r^iven  will  t^lnnv  that  it  m  small 
and  unimportant  when  comjHired  with  tliat  taking  place  in  muscles  and 
glands.  The  b!oo<l  is  not  the  causae  of  the  oxidation  of  the  hody,  the 
cause  is  in  the  living  celli^  of  the  tinsues.^ 

The  cliief  evidence  is  as  follows  \ — ^A  frog  can  live  in  an  atmosphere 
of  nitrogen  for  seventeen  hours,  and  during  tins  time  gives  off  carbon 
dioxide,  in  fact  during  the  first  five  hours  it  discliarges  as  much  a«  it  would 
under  normal  conditions.-  A  frog  will  live  a  day  or  two  in  oxygen  after 
its  hlcNjd  ha«  been  entirely  rejdarcd  by  noriual  saline  solution;'  and  when 
in  this  condition  its  intake  of  oxygen  and  output  of  carbon  dioxide  are 
equal  to  that  of  a  normal  frog.*  The  ex[>erunents  of  Finkler^  show 
that  the  consumption  i>f  c»xy  gen  is  hide  pendent,  naturally  within 
certain  limits,  of  the  velo(*ity  of  the  circulating  blood.  Fmtfier,  the 
respiratory  exchange  of  rabbits,  deprived  by  bleeding  of  one-half  of  their 
ha^mosloliin,  is  fciual  to  tliat  nf  the  siujlc  auimiils  before  the  loss  of 
blood;"  patients  with  simple  auaioia  or  with  severe  leukaniia  absoih 
as  much  oxygen  and  excrete  us  much  eailxiii  dioxide  as  bcahhy  nieu  at 
rest  and  upon  a  similar  diet.^ 

It  was  long  ago  shown  by  Spallanzani  that  living  tissues  removed 
from  a  recently  killed  animal  tuok  \\\\  oxygen  and  discharged  carbon 
dioxide,  and  that  this  cxc^hange  was  greater  in  most  tissues  than  it  wits  in 
blood.     Similar  experiments  have  been  marie  !>y  othi'rs.** 

Paul  Bert  placed  tissues  from  a  recently  killed  dog  in  air  for 
twenty-four  hours,  the  tenifierature  vuiying  from  about  0  to  10  ,  and 
obtained  the  following  results  \' — 

100  grm».  of  musrle  a!w)rl»D«l  5n  %  c.c.  ofoxygcn,  aiicl  dU^liarged  568  c,c*  of  carWn  dicixi<le. 

„  42*8 

16-4 

1  Paiigi?r,  Arth,  f.  d.  fj*s.  UnfstmL,  Boiui,  187r>,  Itil.  x.  H,  2ra  ;  1878,  B^i.  xviii.  S.  247  ; 
1S93,  Bd.  liv.  S.  333. 

'  PfiUger,  ihitt,  1H75,  Hd.  x.  S.  2r51. 

*  Cohnlieiinj  Virchow's  Ardih\  Bel.  xlv. 

*  Oertmano,  Arch,  f,  d,  f^s.  Phtf^ioL,  Uonii,  1877,  B<1.  xv,  »S.  JJSl. 
^  Ibid.,  1875,  B<L  i.  S,  :]<3s. 

*  Pcmbny  iunl  Giirber,  Jtun-u,  PftifumL^  CnmWh]rrM^  an«l  LoihIoti.  18f>4,  vol,  xv.  p.  449, 
'Hannover,    '*D*^  qiiantitato  rtlativa  (t  Ji)»,sc>liiia  ni*i(li  mibonjci  nb  hojuine  sano  et 

flpgroto  exbalfflti*';    Abstriiijt  givon  by  MolUr.  Ztsi'hr.  f.  DioL-,  AliinclMMi,   1S7S^,  B^l.  xiv. 
S.  546;  Petteiikofer  nnd  Voit;  J?^.Wir"/.  BioL,  Muiiihcii,  18illi,  ai  v.  S,  aiJi. 

■  Spallansmni,  '*Mim,  >url»rf>i^sirfitinri»"  trail  p4rSi:n«bk'r,  ISOa,  p.  8«j :  G.  Liebi)?,  Arch. 
/.  AnaL^  Phymoi.  v.  wisscnifeh,  Mai,^  inftO,  [t«L  Jtvii.  S.  :]93  ;  lltitteucci,  dvnjtt.  nnd.  Acad, 
d.  #c.,  Pjim,  185*i,  tome  xjii,  p.  618 ;  Ann.  </■*  rhim,  d  ffryx.,  ^vw  3,  Vnrls,  toiiip  xlvii,  i*,  1'I9 ; 
Valentin,  Arch.  /.  phmoi,  f/itlt..  SUitl^art,  1S55,  15d.  xiv.  S.  431  ;  1857,  N.F.  Btt.  i.  S. 
285  ;  Bernanl,  "  Lemons  stir  Ivs  ifTvipnC-tis  pliy^-iiob  (bs  lirpjitles/'  Pivri?*,  18'j9,  toiin"  i.  p.  40:i ; 
Paul  BPTt.  **  fj^'^ans  sor  la  itbystnln^fie  LompanVi  tie  U  respiration,"  Paris,  1^70^  p.  46; 
Rrgnnrd,  *'Reeli.  cxptT.  sur  li  s  nonibustioiis  rcjipiratolres/*  raria,  1870,  p.  23. 
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In  pure  oxygen  the  tissues  absorb  more  oxygen,  but  do  not  discharge 
a  much  greater  quantity  of  carbon  dioxide  than  they  do  in  air ;  even 
in  nitrogen  or  hydrogen  the  tissues  continue  to  give  off  carbon  dioxide.^ 
The  excised  tissues  of  warm-blooded  animals  have  a  larger  respiratory 
exchange  than  the  corresponding  tissues  of  cold-blooded  animals,  and 
differences  are  also  observed  in  tissues  from  animals  of  different  species.* 
The  respiratory  exchange  of  isolated  muscle  rises  and  falls,  within  certain 
limits,  with  the  external  temperature.^ 

Experiments  made  upon  excised  tissues  are  liable  to  several  sources 
of  error.  Putrefaction  may  begin,  and  cause  an  absorption  of  oxygen 
and  a  discharge  uf  carbon  dioxide ;  *  this  danger,  however,  is  small  in 
tissues  removed  directly  after  the  death  of  the  animal,  and  kept  at  a  low 
temperature,  and  free  from  septic  contamination.^  Another  source  of 
error  is  the  loss  of  vitality  in  the  tissues,  and  the  acciunulation  of 
carbon  dioxide  and  other  waste  products  in  the  interior  of  the  tissues. 

A  much  l)etter  method  for  the  study  of  the  respiratory  changes  in 
isolated  tissues  and  organs  is  that  introduced  by  Ludwig ;  *  an  artificial 
circulation  of  blood  is  maintained,  and  the  changes  in  the  blood  are 
determined.  By  these  and  similar  expeiiments  it  can  be  shown  that 
the  tissues  have  the  power  of  taking  up  oxygen,  and  also  of  oxidising 
various  substances.  This  power  is  possessed  in  a  different  degree  by 
the  various  tissues."^      Schmiedeberg  has   shown   that   benzyl  alcohol 

(CeH.CHoOH),  and  the  aldehyde  of  salicylic  acid  (C6H,<^^;^)  undergo 

no  appreciable  oxidation  when  placed  in  blood,  but  if  blood  containing 
one  of  these  substances  is  made  to  circulate  through  a  freshly  excised 
kidney  then  considerable  quantities  of  benzoic  acid  (C0H5.CO5H),  or  of 

salicylic  acid  (C.jH^^^    ^x|^  j,  as  the  ease  may  be,  are  produced. 

Elnlich^  found  that  most  tissues  could  reduce  and  decolorise 
alizarine-blue  and  other  pigments,  but  that  the  colour  returned  when 
the  tissues  were  exposed  to  the  air.  Tissues  })laced  in  normal  saline 
solution  containing  oxyluitnioglobin  quickly  reduce  that  substance,  and 
in  this  respect  muscle  is  the  most  etfective.  Bernstein®  fomid  the 
following  values  for  the  rate  of  reduction  :  Muscle  100,  liver  81*47, 
involuntary  muscle  72*4,  and  the  mucous  membrane  of  the  stomacli 
r)7*0r) ;  lun^  tissue,  on  the  other  hand,  had  a  very  feeble  })ower  of 
reduction.  This  relative  power  of  reduction  holds  good  for  tissues 
taken  from  froj^s  and  from  mammals.  Somewhat  shnilar  experiments 
had  been  ])reviously  made  by  Yeo ;  ^^  he  sup|)lied  a  frog  s  heart  witli 

'  Spallanzaiii,  "  Raj)|>orts  di*  Tair  avcc  le.s  etres  organises,"  par  Senehier,  (ieneve,  1807, 
toiiio  i.  }).  417  ;  toTiic  ii.  jtp.  44,  56. 

■-'  Paul  liiMt,  lor.  n't. 

^  Ke^iianl,  "  Kccli.  oxjkt.  sur  les  ooinbustions  respiratoires,"  Paris,  1879,  p.  23.  Si-c 
also  "Aiiiiiial  Heat,"  this  Text-l)0(.k,  vol.  i.  j),  840. 

•*  Ilr-nnaiin,  "  Untcrsurli.  u.  d.  Stothvechsel  der  Muskcln,"  Ik-rliii,  1867,  S.  37. 

^  Ti^sot,  .irrh.  <lf  jthiisiol.  norm,  ct  jnith.,  Paris,  ISIM,  tome  xxvi.  p.  838;  1895,  tome 
xxvii. 

''  Arb.  II.  '/.  phifn'ioJ.  Anst.  zu  Ln'pzi)/,  1868. 

'  .*>(hiuied('lMT^',  Arrh.  /.  rx}>rr.  Path.  it.  PhnrmaknL,  Leip/i<:,  1876,  B<I.  vi.  S.  233: 
1881.  1»<1  xiv,  S.  2S^.  37i».  For  further  details  and  references,  see  Xeumeister,  *'  Lehrbuch 
dor  i-hysinl.  Chemie,"  .Jena,  1893,  Th.  1,  S.  8,  ct  scq. 

^  '*  Der  SauerstotHiediirfniss  d(!s  Or^anisnms,"  Herlin,  1885. 

«  Uii/ersurh.  ft.  d.  jtlnjslol.  Inst.  d.  Unic.  U(Ulr,  1888,  Heft  1,  S.  107. 

^'^  Junrn.  /'A?/s/"A,  (.'anihridge  and  London,  vol.  vi.  j).  93.  See  also  Vieronlt,  Ztschr.  f. 
Biol,  Miinelien',  1875,  Bd.  xi.  S.  195  ;  Denning,  ibid.,  1883,  iJd.  xix.  S.  483. 
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golntions  of  fresh  bluoil,  ami  determine*!  the  reduction  of  the  oxy- 
hiemoglobiii  hy  means  of  the  spectroscope.  The  results  show  that  tlie 
heart  dmung  contractual  reduces  the  Hf»hition  about  ten  times  aa  (|uickly 
as  when  it  is  at  rest. 

The  causes  of  the  exchange  of  gaaea  between  the  blood  and  the 
tissuea, — The  cause  of  the  jjassage  of  oxygen  from  the  bhM)d  to  tlie 
tiBSues,  and  of  carbon  dioxide  from  the  tissues  to  tlie  l>hjod,  appears  to 
be  the  diderence  in  the  tension  of  these  gases  in  tho  tissues,  and  in  the 
lymyjh  and  blooil  which  surround  them.  It  has  lieen  shown  that  the 
tissues  have  a  great  affinity  ffjr  oxygen,  and  even  store  it  up  for  the 
future  oxidation  of  some  of  their  constituents;  ami,  on  the  other  hand, 
that  they  are  constantly  produein;j^  Ciirbon  dioxide,  and  can  even  du  this 
for  a  time  in  the  absence  of  free  oxygen. 

The  above  conclusion  is  su])]iorted  hy  the  analyses  uf  tlie  gases  of 
lymph  and  other  secretions,  and  the  detcrmi nations  uf  the  tensions  of 
the  gases  in  those  tlnids.     Ifumnuirstcn  ^  f<mnd  that  the  lymph  of  a  dog 
coutaLned  O'l  volume  i>er  cent,  of  oxygen,  37*5  of  carl  ion  tlioxide,  aiul 
3*6  of  nitrogen.     These  results  have  be^en  confinned  and  extended  by 
^Dther  observers.-     Uxygen  is  inesL-nt  only  in  tiaees,  but  the  (juantity  nf 
«iarbon  dioxide  m  less  than  that  found  in  vennus  blood.     This  latter  fact 
^i>es  not  prevent  tfie  passage  of  ciirbon  dioxide  fri>ni  the  ly mpli  to  the 
^^'enous  lilurMl,  for  Gaule^  lias  shown  that  the  tension  of  the  gas  is  higher 
zin  the  former  Huid.     It  must  be  admitted,  however,  that  further  experi- 
zi3nents  are  needed  upon  this  point,  fnr  Gaule's  experiments  are  not  con* 
■^^jlusive,  and  Strassburg  fouud  the  tensiftn  of  carbnn  diaxiile  in  lymph 
^^  be  intermediate  lietween  that  in  arterial  and  venous  btntKL     Another 
^jroliable  cause  of  the  sn^aller  quantity  of  carbon  ilinxide  in  lynipli  is 
^hat  many  of  the  analyses  were  made  upon  lymjdi  from  the  thoracic 
<luct;    the  lymph  wjjuIcI   have  been  exjiosed   in  that  situation  to  the 
action  of  arterial  blood.     This  ditlifHilty,  however,  is  not  present  in  some 
of  the  secretions.     Tims,  Stnissburg^  ftanul  in  tlic  urine  and  bile  of  a 
dog  a  tension  of  carbon  dioxide  e<pial  to  0  —  7  ]ier  cent,  of  an  atmo- 
sphere.    Further,  this  pliysiidogist  hsjs  shown  that,  if  air  is  injected  into 
a  ligatured  p<»rtion  of  the  intestine  of  a  living  dog,  and  after  a  sliort 
time  is  analysed^  the  tension  iif  cjirbon  dioxide  is  7*7  per  cent,  of  an 
atmosphere;  that  is,  considerably  greater  than  the  tension  of  the  gas  in 
the  venous  Ijlnotl. 

These  results  ure  couHrioed  by  the  analyses^  of  some  of  the 
secretions  of  the  liody,  and  ^^f  various  pathological  transudations  (see 
tables  on  p.  784). 

E%vald  also  (letermined  the  tension  of  carb*>n  dioxide  in  some  of  these 
diuds,  and  found  results  as  high  as  7-51,  101)2;  IQ'73,  and  ll'o  ])er  cent, 
of  an  atmosphere.  It  is  therefon^  iHTiiiissible  to  conclude  that  the  tension 
af  carbon  dioxide  in  the  tissues  whicli  pr<»dut'e,  and  arc  in  contact  with, 
these  fluids  is  higlrer  than  the  tensifin  of  that  gas  in  the  venous  blood. 

^  Bcr.  d,  k.  michs.  f/esdheh.  d.  trUscjiadi,  2\fath,-pfitfH.  CLj  Leipzig,  18/1,  Hil,  xxiii. 
S.  SIL 

'  Da^hnhftrdt  and  Hmhspij,  Firchoit-'H  Arrhh^  Bd,  xxxvii.  S.  55,  68  ;  Tsrhiricw,  Bcr, 
d.  k.  mchs.  GcseUsch.  d.  H'^iss^n^di.  AfiUh.-pfnts,  CL,  L»?ipzig,  1 474,  BrL  xxvi.  8.  I2Q  ; 
Buchner,  Arb,  a.  d.  phifsioi.  Annt.  zu  Lfipuq,  1x76,  ISd.  xi.  3.  lOS, 

>  Arch./.  PhysioL,  Lpajwa^,  1878,  S.  mK 

^Arch./,  rf,  gts,  PhyshL,  \^^mn,  isjl!,  lid.  vi.  S,  ni. 

*  Tables  ^ven  by  Halli}>mt«m,  "Text  ll<n>k  of  riipininal  ri3y?*io]ugy  .mil  ralliology," 
Loudon,  1891,  r.  392. 


784 


CHEMISTR  y  OF  RESPIRA  TION. 

Doo. 


Tissues. 

Tension  of  carbon   dioxide^ 

in    percentage    of     an  >5  -  9 
atmosphere  ^         .         J 


Venous 
Blood. 


Air  of 
AlveolL 


External 
Air. 


>     3-81 -5-4     >     2-8     >     0-03 


Skcrktion. 

Oxygen. 

Carbon  Dioxide. 

NrrRooE.v. 

OasmviK. 

Removable 

by 
Vacuum. 

Removable 
by  Acid. 

Total 

! 

Vols. 

Vols. 

Vols. 

Vols. 

Vols. 

per  cent. 

per  cent. 

per  cent. 

per  cent. 

per.  cent. 

Bile  . 

. 

0-2 

14-4 

417 

56-1 

0-4 

PflUger.' 

>»     • 

, 

... 

19-5 

37-0 

56-5 

Bogoljubow.' 

17-1 

62-5 

79-6 

Submaxillary 

(dog) 
Submaxillary 

(dog) 
Parotid  saliva  (1 

saliva 

0-4 

19-8 

29-9 

49-2 

6-7 

Pfliiger.* 

saliva 

0-6 

22-5 

42-2 

64-7 

0-8 

t» 

unian) 

1-0 

3-5 

40-60 

43 -5-63 -5 

2-5 

Kul2.» 

1 

Fluid. 

Oxygen. 

Carbon  Dioxide. 

Nitrogen. 

OWKKVKE. 

Removable 
Vacuum. 

Removable 
by  Acid. 

\'ols. 

Total. 

Vols. 

Vols. 

Vols. 

Vols. 

per  cent. 

per  cent. 

per  cent. 

per  cent. 

per  cent. 

Peritoneal 

0-139 

9-401 

4-866 

14-27 

2-107 

Planer.* 

Hydrocele 

0-16 

32-40 

32-45 

64-94 

2  05 

Strassburg.' 

Subcutaneous   (edema 

Traces 

22-2.^> 

9-11 

31-36 

Traces 

Ewald.« 

Subcutaneous   cedenia 

,, 

21-88 

31-18 

53-06 

(nephritis) 

Pleuritic    . 

0-68 

39-34 

15-59 

54-93 

1-33 

}) 

,,          .         .         . 

0-54 

18 -54 

25-99 

44-53 

1-87 

,,          .         .         . 

18-64 

41-16 

59-80 

. . . 

,,          .         .         . 

6-17 

25-47 

46-82 

72-29 

1-04 

Hydrotliorax     . 

0-29 

2.V34 

48-67 

74-01 

0-87 

„ 

1-01 

25-71 

.55-50 

81-21 

2-47 

^  Fredericq  ct  Nuel,  ''Ek'ments  dc  j)hysiolof^ie  humaine."  1893,  3<^  Edition,  p.  158. 

-  Arch./,  d,  tjf:s.  Physiol. ,  Bonn,  1869,  Bd.  ii.  S.  173. 

^  Cenira/f/L  /.  d.  mcd.  JVissensch.,  Berlin,  1869,  No.  42;  Kowalewsky  and  Amstein,  Arrh. 

f.  d.  fffs.  r/ii/si<d.,  r»onn,  1874,  Bd.  viii.  S.  598. 

•»  Jrch.  /.  d.  >frs.  J'/n/sioL,  l5onn,  1868,  Bd.  i.  S.  686. 

'•  Zfscl^r.  f.  JlinL,  Munchen,  18^7,  Bd.  xxiii.  S.  321. 

*^  Zfsrhr.'d.  k.-l:  (J'srlhch.  d.  Jaize ',u   Wlcn,  1859,  No.  30. 

'  ArcJi.f.  d.  qr^,  J'/n/sh/.,  Bonn,  1S72,  Bd.  vi.  S.  V\. 

^  Arch.'/.  A'liat.,  Phijsiol.  u.  xrUsnasrh.  Med.,  1873,  S.  663:   1876,  S.  422. 
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By  M.   S.   rEMBllEY, 
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*?^ 


Bb  higher  animak  have  witliiri  their  1  indies  some  source  of  heat  and 

^me  mecliHiiiaiii  to  rej^ulate  the  prodtictiori  and  loss  of  heat,  for  in  the 

eight  of  aunimer  and  in  the  deptli  of  winter  their  meaji  temperature  is 

onstant.     Of  this  fact  t!ie  ancients  had  hut  Jiii  imjjerfer't  knowledge; 

hey  had  no  thermometers,  and  therefore  eould  only  jud^^e  from  their 

DBations.     Observations  dependent  upou  the  sensations  of  heat  and 

^eold   are   necessarily  imperfect   and   often   fallacious.     The  invention, 

therefore,  of   thermometers   was   imperative,  if   exact   data   upon   the 

temperature  of  animals  were  to  l>e  ohtained 

The  Introduction  of  Thermometers.- Towards  the  closo  of  the  six- 
teenth century  the  first  thernn>uioters  appear  to  have  heen  luadeJ  The  credit 
of  the  invention  has  lieen  attributed  f  hiefly  to  Sanctorius  of  Padua,  and 
Gahleo ;  the  former  l>a?ed  liin  thernionieter  U[ion  the  expansion  of  air  enclosed 
in  a  hulb  at  the  end  of  a  tube  which  contained  a  coloured  liquid  ;  while  Galileo 
is  said  to  have  made*  in  1612,  the  tir^-^t  alcohol  therniometer.  Boyle  introduced 
the  alcohol  thermometer  into  England,  where  Plooke,  in  1665,  recommended 
that  the  zero  of  tlie  scale  f^hould  be  the  freezing  point  of  water,  which  he  and 
Boyle  found  to  he  constant.  In  1G80,  Newton  suggef^ted  tlie  boiling  point  of 
water  for  a  fnrtlier  graduation  uf  llie  tljcruiometer,  and  ILilley  a  few  years 
later  proved  that  the  point  was  a  conwlant  one,  and  recununenderl  the  uae  of 
mercury  in  the  coustruction  of  thormn nutters,  Fahrenlieit  first  replaced  spirit 
by  mercury  m  1720,  and,  after  several  atteuipts  at  graduation,  introduced  the 
scale  which  now  hilars  his  name,     Tbe  iulroduction  of  the  centigrade  ther- 

^  Holloway,  '*Tlie  Evolution  of  tlie  Therm ooieter/'  Se.  Profr.,  London,  1895-96,  vol,  iv. 
p,  413;  Lieljermeiflter,  "  Hau'llHirli  tl.  Path,  n,  Therap.  tics  Frobers/'  Leipzig,  1875,  S,  3. 
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mometer  was  due  to  Celt^ius  ia  1742 J     Tliroughout  this  nrtklc  the  centigrade 
scale  is  empl<\vt'sL 

The  Deteumination  of  Temfekature  in  Different  Pahts 
OF  TJiE  Body. 

Varying  qmmtities  uf  heat  are  proiluced  and  lost  in  difiereiit  fiarts 
of  tlie  body,  and  altliough  the  eireulatioii  of  the  bh:*od  lends  to  bring 
about  a  mean  teinpemture  of  the  iiiteriial  parts,  local  dift'ereoces  are 
present.  It  is  iiiipirtant,  therefore,  that  the  deterniinafciyns  should  be 
made  in  tliose  |>ai1s  which  ha^e  a  teiu[iei'ature  representing  the  internal 
tem]ieraLure  ;  and  in  nnler  that  the  resolta  may  he  C4:inii>arable,  the 
obser\atiuns  should  as  far  as  possible  be  made  in  similar  anatomical 
positions. 

The  most  suitable  place  for  tlie  ajiplieation  of  the  thermometer 
varies  under  different  conditions,  and  methods  have  to  l)e  considered^ 
not  only  in  as  far  as  they  are  scientifieally  sound,  but  also  in  respect  to 
their  ease  in  practice. 

Thti  nH'tum  naturally  uirt^rsi  the  nmdi^^st  afccs^s  to  the  internal  jMirt*,  and 
thermometers  with  or  without  a  uii'tid  guard  may  be  safely  introduced  5  or 
6  cms.  Thif^  nu*tlind  is  the  uiost  suitable  in  the  case  of  animals,  and  may  be 
advautagcouHly  employed  in  infants.  The  va{ii}m^  utertm^  and  hfmlder  of 
women  and  female  ludmals  of  suitable  size  have  a  similar  value  to  that  of  the 
rectum. 

In  order  to  ohtain  the  interunl  temperature  of  the  Ijody,  the  bulb  of  ihe 
thennometer,  previnn.^ly  warmed  in  tlie  mouth,  may  be  insertcfd  in  the  E^tream 
of  urine  at^  it  leaves  the  urethra.'-^  Ajjivrt,  however,  from  the  limited  applica- 
bility of  tld"<  method,  there  is  a  danger  of  a  loss  of  heat  by  eva|K*ration  and 
radiati^'ii,  hut  with  care  excellent  results  may  be  obtaiued. 

The  uAUa  is  a  c<>uvenient  j^laee  for  thermtanetrie  lie terminations  in  man, 
for  it  is  not  liable  to  great  variati<ms  in  temperature.  It  is  necessary,  how- 
ever, that  the  axilla  be  elosed  well  and  long  enough  for  it  to  attain  the 
temjKTaturc^  nf  a  elosed  eavity  ;  in  very  thin  or  wasted  subjects  it  ia  dllBcult 
to  eHect  this,  and  the  temperature  should  therefore  be  taken  elsewhere  in  such 
cases. 

The  ^nnn  has  also  been  selected  by  some  pliysicians  for  the  obser^^ation  of 
temperature,  but  in  man  it  is  not  bo  easy  to  retain  the  thormomet^sr  in  the 
ii\\\\  (»f  the  groin  as  in  the  closed  axilla.  The  method  is  useful  in  the  ease  of 
infants. 

The  moufh,  on  aeronnt  of  eonvenicnce,  has  been  widely  selected  for  the 
cliniciil  observation  of  temi>rrature,  but  the  readings  of  a  thennomeler^  even 
when  the  ladb  is  j>laeed  under  the  toirgue  and  the  month  is  Jirndy  clofied,  are 
liable  to  be  iow%  owing  Xaj  the  danger  of  eL>oling  of  the  tissues  of  the  mouthy 
extt^rnally  by  cold  air,  internally  by  the  inspired  air.  The  mouth  is  also  liable 
to  considerable  loeikl  variation  of  temperatura 

In  order  to  obtain  arenrate  results,  the  thermometer  should  be  retained  for 
eight  minutes  in  the  mrmtli,  ten  minutes  in  the  w^elbclosed  and  dry  axilla^  and 

^  For  an  nccouiit  of  the  intri)»hii.'tioii  of  tht^  tliennonietcr  into  nlitiiciil  use,  a«e  Wtmder* 
Ucb,  "  Medkal  Thenijonietry/"  Nae  Syd.  Hoc.  Iran^iatiwi,  1871,  p.  19;  Lonun,  *'I>e  1a 
tenjpraOiri*  du  torps  Ijumttin,"  Paris.  1877,  tf*nie  i.  p.  39  tt  sai. 

'  St45phen  Hales,  ^'StAtical  Essays/*  London^  1731,  2nd  edition,  voL  i.  p.  59;  Martine, 
*'Ei4says,  Medical  Jind  PhiloHopliicdl,'  1740,  p.  335  ;  BJagfleu,  PhU  Tntns,,  London^  1775, 
vol.  IxV.  pt.  1,  p.  114  ;  DavT,  I'^ic^t  ^t^J-*,  pt.  1,  p,  63  :  iMautrg^wtA,  /V«w  m4d.  Ulge, 
BrnxAhn,  1863,  tome  xr.  p/lU  j  Oertniann,  Arch.  /,  tL  ^,  Phenol,,  Bonn,  1878,  Bd. 
xvi,  iS,  101. 
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for  three  or  four  niinut'-s  in  i\w,  roc tu  111  or   v Elgin  11;^   it  should  be  kept  in 
position  for  a  minute  or  two  after  the  luereury  bas  bei^ome  stationary. 

Ditlereiit  values  heave  been  ^j^iveti  by  varinuH  observers  for  the 
temperature  in  tlie  mouth,  axiUa,  and  rectimi ;  these  will  be  critically 
exaBiined  later,  but  at  present  it  may  be  stated  that  the  temperature 
in  tlie  rectum  is  general  Iv  about  three-  or  four-tenths  hi  tidier  than  that 
in  tliu  axilla  or  mouth.  Under  lertain  circumstances,  however,  thia 
relationsbiij  in  altered.  Thnn  Bosainiuct'-  iuund  tluit,  althougii  the 
temperature  in  the  rectum  was  almost  invariably  higlicr  than  tbat  in 
the  mouth,  the  avernj^'e  ditlerence  liein;^  fmir-tenths,  yet  on  some  ncca- 
Biona,  as  immediately  after  eating,  tfie  temperature  in  the  mouth 
exceeded  that  in  the  liowel ;  while  on  otliers,  as  durin»j;  vigorous 
exercise,  the  beat  of  the  mouth  sank  considerably,  cv/,  to  .^io^'G  (Ob^  F.), 
that  of  the  rectum  rising  to  :\T1  (Uir"-8)  or  \M"'^  (100").  Violent 
exercise  was  found  by  Davy  ■•  to  htwer  the  temperature  in  the  mouth, 
and  raise  tliat  in  the  axilla,  Tlie  yn-ol^able  explanations  of  these  ditler- 
ences  are  that  vigorous  exercise  would,  by  the  increase  of  respiration, 
cool  the  muuth,  and  \>y  iucreusing  the  vascularity  of  tlic  axilla  raise  the 
heat  in  that  part.  Tbe  increase  in  the  temperature  of  the  mouth 
irnmediately  after  eating  is  probablv  due  to  tlie  incrciise  in  tbe  blotjd 
supply  ami  activity  of  tbe  muHcles  and  glamls  in  that  ravity. 

In  order  to  o!)tain  the  maximal  temjicrature  of  the  interior  of  tlie  body, 
Kronecker  ami  Meyer  ^  used  small  bulks  of  mercury,  made  afcr^rding  to 
the  princijjle  of  Uuloug  and  Ti'tit's  (tuttlow  thermometer.  Tbe  animal 
was  made  to  swallow  the  small  bulb,  whicli,  afUu-  evacuation  by  the 
iMvweh  wfis  placed  in  water  gradually  warmed  nntil  tbe  mercury  ex- 
pjiiuled  to  the  point  of  outllow  ;  the  temperature  of  tbe  water  repre- 
sented the  maximal  temperature  of  the  body.  It  was  found  by  tins 
method  that  the  n^aximal  temperature  of  a  dog  was  \W*2  and  that  of  a 
rabbit  ^O''^,  the  rental  tompuratures  varying  rcspin  tively  from  \W'^  to 
:38'^2,  ami  37°'0  to  :17'*0.  Si.et^ial  thenno-tdectrie  methods  will  be 
mentioned  in  the  discussion  of  surface  temperature. 

Wama-blooded  and  cold-blooded  animals.— An  im|><utant  rliiler- 
cnce  in  tern jierature  exists  betwoen  the  bigber  and  lower  animals.  Those 
animals  which  are  high  in  the  s(*ale  of  evoltition,  such  as  birds  and 
mammals,  have  a  bigb  lemperature,  which  is  fairly  constant  and  in- 
tlependent  of  tbe  Icmjieralure  of  tlie  surrounding  air.  The  lower 
animals,  on  tbe  contnny,  have  a  tem|H'rature  dcpendi'nt  upon,  and  only 
slightly  above,  tbat  of  their  surroundings,  and  tinis  liable  to  roirsidt^rable 
variations.  Tliis  dillerence  between  the  tw(»  clas.ses  is  exiiressed  by 
the  terms  "  warm-blooded  "  and  ''  rrdd-bloodctl  "  animals.  The  classifiea- 
tion,  however,  is  not  alisolutely  exact,  f*u'  there  are  mammals,  surb  as 
the  mannot,  bedgebog,  hat,  an<l  dormouse,  which  are  in  an  intermediate 
position  :  in  warm  weather  thesi/  animals  bavc  a  high  temperature, 
whicli  is  fairly  constant  and  iiulcjiemlenl  of  tbeir  surroundings,  but  in 
winter  they  liecmne  inaetive,  tliev  hibernate,  and  their  temperature 
falls  and  varies  wdth  tbat  of  their  Nurrouinlings.  On  tlte  other  hand, 
there  are  Ik-cs,  animals  of  a  nnu-b  lower  i^rder,  wbich  have  and  maintain 

'  Croiubiu,  huUttn  Ann.  M'd.  .SV.,  Calc  uttu.,  187'?,  vul.  xvi.  pp.  r»54-5.59, 

'  La}ifet,  LimtioB,  1895,  vol,  i.  p.  ^»72. 

»  ''Resf^amb'-s"  Lomlui,  1S3l>,  vnl,  i.  p.  199. 

*  Arch,  r,  PhifdoL,  Lt:i|i/ig,  1878.  S.  h\<>. 


788  ANIMAL  HEAT. 

a  higher  temperature  ttiaii  that  of  most  eoM-blooded  animale,  and  are 
not  reduced  to  spend  the  winter  in  a  torpid  state. 

Even  in  the  case  of  the  most  perfectly  warm-blooded  animals  there  is 
a  stage  in  which  they  resemble  cold-blooded  animals ;  infants  and  young 
animals  born  in  an  immature  condition  camiot  maintain  tlie  temperature 
of  their  bodies  at  the  noimal  height  of  the  temperature  of  the  adult ; 
they  need  some  acx^essory  source  of  heat,  such  as  the  warmth  of  the 
parent's  bcKly. 

The  terms  "  warm-blooded  "  and  "  cold-hlooiled  "  are  inexact,  for  the  tem- 
perature of  a  so-called  cold-blcKxled  animal  living  in  the  tropics  may,  under 
some  circumstances,  equal  that  of  a  mammal  John  Hunter^  showed  that 
the  essential  difference  in  the  two  classes  was  in  the  constancy  and  incon- 
stancy of  the  tempera ture  of  the  two  groups,  and  he  suggested  that  the  warm- 
blooded  animals  slionld  he  called  "animals  of  a  permauetit  heat  in  all  atmo- 
spheres;" the  cold-blooded,  '^animals  uf  a  heat  variable  witli  every  atmosphere/' 
Again,  in  1845,  Donders  *  pointed  ont  the  same  fact,  and  called  the  two  groups 
of  animals,  those  with  a  constant  and  those  with  an  irieonst^mt  temperature. 
A  year  or  two  later,  Bergman n  ^  dificussed  very  fully  the  objections  to  the 
old  terms,  and  suggested  the  detinitionsj  **  animals  with  a  constant  temi>erature 
and  animals  with  a  varying  temperature,  or  Iinmatotkermic  and  pttkilofhermir 
animals."  In  the  present  article,  however,  the  terms  "  warm-blooded  '*  and 
"cold  blooded  '^  are  retained,  for  they  have  been  sanctioned  by  long  usage^  and 
their  meaning  is  well  understood.  A  further  reason  for  their  retention  is 
found  in  the  fact  that  there  is  no  hard-and-fast  line  Ijetween  the  animals  with 
a  constant  tomiJerature  and  those  with  a  varying  temperature* 

The  temperature  of  man  and  other  warm-blooded  animalg.— 
The  (cinperatffvf  of  ^nan. — The  mean  daily  temperature  of  a  healthy 
man  varies  slirrhtly  according  to  the  part  of  the  body  in  which  it  ifl 
observed:  in  the  rectum  it  is  37''2  (98''^96  R),  in  the  axilla  36^-9 
(98  45  R),  in  the  month  3G'"*87  {98''^  ¥.).  These  figures  are  the 
averagee  selected  from  the  diflerent  observations  given  in  the  table  on 
p.  789,  and  represent  tlie  mean  temperature  of  a  working  day. 

The  mjrmal  tenijieTature  of  man  is  generally  stated,  as  the  result 
of  flohn  Davy  s  numerousi  obser%'ations,  to  be  36'''9  (98  '4  F.)  in  the  mouth. 
This,  however,  is  wrongly  looked  upon  as  the  mean  temperature  of 
twenty-four  hours,  for  it  represents  the  mean  of  observations  taken 
chiefly  durin^^  the  active  part  of  a  day,  fi'oni  about  8  A.M.  to  12  o  clock 
midnight :  all  ol>scrver8  agree  that  the  lowest  temperatures  are  found 
between  niidni^^ht  and  early  moiiiiug,  and  for  very  evident  reasona  the 
observations  during  this  period  are  few.  Tlie  mean  temperature  of. 
twenty -four  hours  is  therefore  without  doubt  below  36*" '9  (98"  4  R),  and 
the  observations  of  Casey,  CliU'ord  Allbntt,  and  Ogle  show  that  this 
figure  is  even  too  high  for  the  mean  temperature  of  a  working  day. 
The  average  obtained  from  their  results  is  IWI  (98^*14  F.)  for  the 
temperature  taken  in  tlie  mouth.  The  observations  u|:ion  the  tem- 
perature between  midnight  antl  morning  are  so  few,  that  it  is  im- 
possible at  present  to  give  the  mean  tenifierature  of  a  day  of  twenty-four 
houra. 

'  "Works/*  Palmer's  edjtion,  London,  1837,  vol,  iii.  p.  Ifi. 

-  "  Dcr  Stoffwechsel  ala  die  (juelle  der  Eigeriwarnie  bei  Pflaiizeii  uiid  Tliicfen,*'  Wie»- 
ba-leii,  ]»47,  S„  12-13. 

^  "Gottiuger  Studieii/'  1S47,  Abtli.  1,  S.  r*9r». 
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MuJmQiii. 

MeMiDftlly 

Place  of 

Obiperver. 

Tletnpcmiife^ 

ObMrvAtioa. 

sr*2 

36''5 

36*^0 

Month 

DflVy,  ^ 

sr-s 

36'^8 

37="  ^2 

jj 

f'riersp.2 

87' -0 

36^^-3 

36^7 

^^ 

Hooper,  a 

37'-36 

36^*63 

37^^  ^OS 

^^ 

Hall  maun.* 

S7'^14 
37'']  2 

36-63 
36^-39 

36" -931 
36° -81 J 

•  1 

Lighten  fels  and  Frolilich. 

A 

37*0 

86^-1 

36^7 

If 

Caa^y." 

37"'0 

zr-^ 

36*'8 

II 

Cliffonl  AUbutt' 

37^-0 

3G"-2 

S6*'65 

Ogk.» 

58--0 

36^*2 

37''0 

Axilla 

Wunrloili.li.» 

37*'3 

36^-1 

II 

lUngtT  and  Stuart  J" 

37'*I4 

3r-16 

36  '89 

^, 

Liebemieister.*^ 

87''13 

36*-73 

36  '9 

, , 

Dam  rose h,^^ 

37^*4 

36^-1 

36^-7 

^, 

Billet  J3 

37' '9 

36"-3 

37°'l 

.1 

BilirothJ^ 

B7^'8 

36" -5 

37''2 

Hei'tuin 

Jiirgeiiseii.'''* 

'    37'a 

36^-6 

36° -85 
37^-1 

>» 
•  1 

BosanquctJ" 

87^85 

3^-95 

37^-13 

JaegerJ"* 

sr-4 

36'-15 

36' '8 

.. 

NicolJ* 

8r-3 

36^1 

36  •« 

1*1  ine 

Richft.^ 

a7"-95 

36^-4 

37^-2 

Mttntegazza*"* 

36'-9 

J, 

•  •* 

1        37°'l 

ft 

Komlcau.^ 

37''6 

se^-a 

:i6'-9 

P^'inlirey.^ 

The  tempera  if  (t'l'  of  othrr  irarm-hhnuhtl  ftnimftIs,—T\w  observations 
iipou  the  teioptTatun*  nf  animals  art'  miiiU'ioiLs,  but  have  not  l>eeii 
I'ejjeate^l  often  eiifiugh  lunler  ditl'ereiit  enniHlioiis  wbkli  are  kiinvvii  ta 
affect  the  teruperature  of  nmii.  On  Ibiw  accfMnit,  aiul  abso  betuuBe 
animals  are  knuwn  to  Itave  a  stjiuewbat  varialile  tetapemture,  it  is 
impossible  in  most  cases  to  give  tlie  mean  tein]>erature,  Tlie  following 
table  gives  some  of  the  results  obtained  by  tbfl'ereiU.  nlmervers: — 


1..  40. 


'  Phii.  Tmif^.,  Lm\(hm,  18-ifj,  pt.  2,  p.  31  ji. 

'  •*QDrenam  »it  llatui  Caloris  Or^jiiiici,  vtv,,**  Halac,  1842, 

^  Med.  Times  and  Gaz,,  LoihIou,  IM^jij,  vuL  ii.  |>,  481. 

*  Quoted  from  Lftudoirt,  *"  Ltliiku  h  <1.  P[j\hk»]./'  Aii!l.  3,  S.  406. 

'^  DenJttchrifUn  d,  k,   Akmi.  tK    UlmniirJi.  Afftfh, -Uff turtc,   Ci.f  Wi«u,  1852,    lid.    iii. 
Abth.  2,  S.  113, 

*  Lajic^t,  Loriduii,  1S73,  vol.  i.  p,  L^OO. 

^  J(ntrfi.  Auiti.  find  Phijsioi,,  Li ^11  don,  1872,  vol.  vii.  \k  106. 
'  SL  Gtarfjt's  llosp.  Rrp,^  Loudon,  1866,  vol.  \.  \k  221. 

*  "  Medical  Thtirmumilry,"  p.  95. 

*^  Proc.  Roy.  Soc.  London,  1877^  vol.  xxvi.  p.  Isrl, 

"  **HAmibudi  <L  Path.  11.  Tlicrai».  d.  FiMM'rH;Ms75,  S.  78* 

^ Dniiteht  Klinik,  Hcrlin,  1853,  B<b  v.  S,  317. 

»Ttl^,  Straabouig,  18U9. 

^^Jreh.f.  klin.  Chir.,  Birlin,  186-2,  lid.  ii.  S.  331. 

**  **  Die  Ktir|H.nvamj.e  dea  gesmidini  Mensrlien/'  Leipzig,  1873- 

«  See  p.  813, 

^  Lwuei,  Lomioij,  189ri,  vol  i,  p,  672. 

^DeutaehcsArch,/.  kiui.  Med,,  Uip7%  ISSl,  Btl.  xxix.  S.  522* 

'•  Eesult  of  ubservaliouH  nut  yet  jtublislK^d, 

*  Rtv.  tcitnL,  Paris,  18S5,  toW  ix.  p.  62P. 

"  iVfJw;  jTiM  beige,  llnixolliH,  1863,  tome  xv.  \k  111, 

"*  Quoted  from  Ricbet,  /iVr.  jciVn^.,  Paris,  1885,  toiiie  ix.  p.  432. 

**  Result  of  ob»ervationH  not  yit  pniili>.bed. 
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Averuijp  Rectal 
Ttimperature, 

Kxtremofl  of 
ObaervatiuaE. 

Number  of 
ObdcrvatJoni. 

Obwrrer. 

Horse    .         .        ,] 

37*-9    (IU0^*2) 

87- •2-38'^  "6 

On  150  homes 

Streckcr.* 

37^7      f99  -9) 

600  on  100  „ 

Fuh  ringer.* 

3r^'&    (lOO'-i!) 

3e'''I-38'"fl 

On  212 

Hobday,^ 

Ox         .        .        . 

38°-85  (10r*9) 

37"  7-40' '3 

On    352   cows 
and  oxen 

Robertson.* 

Cow       .        .        ,| 

38' -9    (102°^0) 

SS'-T-SO^'l 

39  on  1  cow 

SiedftmerotikT.* 

3S'-6    (lOr-S) 

37" '5-39" -4 

On  87  oow» 

Hobdjiy.* 

38"-6  (lor-ro 

37**7-39"-0 

On  100  C0W9 

Singleton.* 

' 

40^-6    (105'^n 

40"^n-43  -07 

On  24  sliuep 

Davy* 

40^-2    (104^  4) 

38  r5-4r'8 

2«4  on  6  ,, 

Siedamgrotzky** 

Slieep    . 

40-0    (104"'0J 

39 '-7-40  '2 

On  more  than 
100  -.hcr^p 

Hobday. » 

40"*1    (lOr'2) 

39"*6-4l''0 

On  100  sheep 

Singleton.* 
Stedamgrotzky^ 

Hoppe." 

38* -3    fl00''-9) 

190  on  17  dogs 

ar'9i  (lor^) 

37  '15-^38  -45 

44  on  jicreml ,, 

J>g       • 

38^*8  (lor-s) 

38  *3-39^-9 

tf  on  6           „ 

OWj^nier.* 

3S  -6    (ior^'5) 

38''-l-3r-2 

On  more  than 
200  dops 

Hobday:* 

38"-8    (101'-8) 

38 '•0-39' -8 

On  100  doga 

Singleton.* 

Cat 

ss''-;  (101=7) 

37" '9-39' 7 

On  41  cata 

Hobdaj.a 

\ 

;J9^*6    (103''3) 

38  -3-40^ -8 

169  on  4youij|» 

Siedansgrotiky.* 

...  .  .  .{ 

ss"-?  (ior-7) 

38  7-39  -3 

pigs 
On  more  than 
100  pigs 

Hobday.* 

Rabbit  . 

3r-2    (102^-6) 

37  -3-39  *9 

72  on  27rabbiti5 

Hale  White.* 

38^-8    (I or  8) 

38' ■0-39'^  ^5 

7  on  7        ,, 

01>Bmier.* 

( 

38-7    (101  *7) 

37°-0-40'*8 

31  on  10     „ 

Perobrey. 

Ft^rret   . 

31P-3    (102  -8} 

37'^*e-40^-4 

On  8  ferreta 

Holiday,' 

38^7    (10r7) 

38- -5-39^ -4 

Ationt  50  ob- 
stirvationa 

Finkkr.»' 

37^*93  (100''2) 

37^  ■0-39'^ -2 

19on5gninea- 

Pembrey. 

Guirjm-i tig    .         ,  / 

3^*21  (102"'6) 

37"-9-40^*2 

35  ol>scrvationif 

Richet."                1 

37''*4      (99"'4) 

36^-0-38"\5 

40  on  4  guinea- 

Cokaanti." 

38^-86  <10r*9J 

38" -0-39° -6 

pi^ 
30  OD  1  guinca- 

Pitta. 

Rat(bliickninl  wliitti) 

37*r>      (99''-5) 

37"*0-3S°'5 

16  on  4  r»  tit 

Pembrey. 

Rat  (whir*")    , 

37    m>  (100  '3) 

37^*4-38^-9 

60  on  2  rata 

Pitt«. 

MruLsp     (lilM-k     and 

37-4      (99= -3/ 

36-1-38"  t> 

27  on  8  mice 

Ponibrey. 

nliite) 

Moiikuy  {lUiesits)  . 

38^-4    (101  "^-l) 

36  *9-39  7 

22  on  2  mon- 

Hale WUte  and 

keys 

Waahboom.^ 

27^-5      (8r*5) 

25-^5-30° 

/i   on   2  8i>eci- 

Mikloucho 

{v}mp^  or  in 

mens 

Maclay," 

Echidoa  {tlystrix)  ' 

aljiioDjen) 

32  ■■»      iWb) 

2ti  •5-34-2 

7  on  7   8i>ed- 

Semon." 

(rlimra) 

mena 

Ornithorljyiitjliua  . 

24    8      (7tl  'ii) 

24'*4-2rr'2 

2  on   1   speci- 

Mikloacho           , 

(cloaca) 

men 

Maclaj.i^ 

^  ¥2h\ihet}xcr,  '*  Ver^lticliende  riiysiol.  der  Hjiiisi^jiagethiere,"  1892,  Bd.  ii.  Th.  2,  S.  81. 
"  JnunK  fftrnp.  Pfffk,  (fji'i  Tht^iutp.,  Ed  in.  and  London,  1896,  vol  ix.  p.  286. 

*  ft'tfrfjtfirt/  J"ittit.,  Luudon,  1885,  roh  3tx.  p.  all. 

*  Dcufmhc  ZtHt'hr.  /.    ThU^mrd,^  Leipzig,  lS7r%  Bd.  i.  S.  87. 

*  rrft^rinnn'tin,  Luinlon,  1888.  *  *' Kc searches/*  London,  1839,  vol.  i.  p.  208. 
^  Virchnrn  Ahhiv,  1857,  liil  \i.  S.  Am.  «  **  Der  HitzBchlag,"  Bonn,  18<S7. 

^  Jmtrn,  rhyxioL,  Cunihrid;:;^' ttiid  London,    1890,  vol.  xi.  p.  L 
'«  Arch,/,  d.  ijfB    rhymiL,  lloiin,  1882,  IM.  xxiJC.  S.  112. 
"  Err,  seknL,  Pniis,  IS'*4,  tome  viih  ]>.  306. 
^I*  Arfh.f,  d,  g^s.  Phifsin/,,  Bonn,  1H77,  Bd.  xiv.  S.  123, 
'^  nftuftn.  Amd.  and  Phtfmn!.,  London,  vid.  xxv.  p.  379. 

^*  PriM".  Livn.  Snr,  XtwS'^ftff'   U\df.%  1883.  vol  viii.  p.  425  ;  vol.  ix.  p.  1205. 
^^  Arfh,j\  d.  fjrn,  PhtfgioL,  Bonn,  1894,  Bd.  Iviii.  S.  229. 
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AniniAk. 

Tetujienituife. 

ObBenrmtionA 

NunilHT  of 

observer. 

Fowl  (common)     .  \ 
Dock     .        ,        .  j 

aoos«  . 

Pigeon  , 
Ottricb . 

42^-8    (1(»0^O) 
41" ^tJ    (1 06" -It) 
43''tt    (110  '5) 
42''1    (107*'8) 
41 '7    (107^^0) 

4Q"'*9  (los-'-e) 

37^*3      (09' ^2) 

4r7-43"^9 
40  ■(5-43*-0 
43  *4-43''-9 
4r'-4-43''0 
41"'1-41'7 
40^  •0-42" -5 

3r"I>-37'"8 

On  14  IuwIh 
On  111  fowls 
On  8  ducka 
Ou  24  ducks 
On  5  gee«« 
20  on  4  pigcom) 

Ou  5  ostriches 

Davv*^ 

Hobday.  3 

Davy,* 

Hobday.a 

Davy.i 

Corin   and    Van 

Bt'iiedcn.' 
Hobdfty.* 

In  the  next  table  are  t^itlleeted  the  results  of  varioim  observations 
upon  otlier  niaminaltt  and  Innls  ;  in  ninst  of  these  eases  Llie  fiy:ure  given 
tor  the  temperature  represents  the  result  of  a  single  observation^:— 


1                    AnimM. 

TfnipeRiture, 

Place  of  Obven^ation. 

Obetervcr. 

,  ilonkey  {Bitma  aynuhi) 

3r7     (108-5) 

RectUTii 

Dftvy. 

j  JiB»             .            .            ,            . 

36""Bri  (  98-5) 

tl 

Hunter.* 

/   filk             .... 

3r'4     (103) 

*l 

Davy.*' 

/Ooat 

3r"4     (1031 

>l 

It 

/    Tiger      .... 

3T''2     (  99^ 

If 

/     Xtihneumon 

3r*4     (1031 

,, 

t!> 

i'     S<iuirrcl  .... 

3r*0     (1021 

l» 

^^atiatee. 

3D  "4    (loa) 

Abdonitju 

ilartiiie.' 

"VVhale     ...         - 

nr-s   (101^-8) 

tf 

t  * 

Careen  land  whale      . 

3S'^'9     (102) 

ft 

Sooresby." 

1      «eal         .... 

38'*fl     (102) 

Ti&doniann.* 

^orp^nse 

37^-5     I  99-5) 

^j 

tf 

X^eon    .... 

42  '2    (1081 

Recttuu 

Davy. 

I       Thrush  .... 

42'-8     (109) 

i» 

11 

Turkey  .... 

42'-8    (1091 

M 

It 

C3mtica-fowl     . 

43^-3     (1101 

tf 

., 

:i*hc««i*nt 

42-6     a08^7) 

ft 

RieiietJ*' 

i       C:;reat  titmoiLscs 

44-0     {ni"2) 

»• 

TiLdetnaiin. 

\       ff^Tiarrow .... 

42^^1     (107  '8) 

1« 

l>avy. 

1       Swift      .... 

44-0     (111*2) 

,, 

Tiedeuiaini. 

I    :eeTOii   .... 

41-0     (105*8) 

11 

PiL'VostandDumftH." 

1      ^B«awin^ 

4:r*3     (109^^9) 

Hobday. 

1      Tieldfare 

43  7     (110^*6) 

,  , 

II 

1      Tt-'ilowbammer 

43-2     (lOr-8) 

tl 

f  1 

The   above    tables  ahnw   tliat   the   reetui    ttMn]MTaLnre    of   most  of 

%lie    mammals  is    hi«j;her    than    that   of  niiin ;    the   muat    rjuirkud   ex- 

Ojeptioii  is  found  in  the  niuuotrcnniita,  tht*  lowest  gnai])  of  the  raani- 

Tnalia;  thus  the  teinperaturc  of  the  [Mucupiue  ecbiilua  (EchiJna  hfptrix) 

Varies  from  25'u  to  34-2,    that  uf  the  (luckbillud    jilatypus  {OrfiltJio- 

>  "BMcarches/'  London^  is;j9,  vol.  i.  ji.  1H6. 

*  Jiwm.  Comjh  Pttlh.  itft4  Thrrajf,,  Edin.  and  London,  lS9fi,  vol.  ix.  p.  286. 

*  Arch,  tk  hiot,,  tiand,  ISSy,  tonte  vit.  jt.  2^5. 

*  For  tb&  lem[»frAture  of  otiicr  animals,  svjy  (Javarrct*H  **  De  la  chaleor  prodiiito  i«ir  les 
etrea  vivatiU/'  Paris.  1855,  \k  lii!  ;  Fiirhit.  /i.Vi\  scictU.,  PurU,  1884,  tonic  viii.  p.  298. 

"  *"  Works/'  Painier'a  t^dition,  vol.  iii.  p.  340. 

■  *'Reacarcbei5/'  Londou,  l^^il*,  vol.  i.  pp.  IMJ,  18S. 

'  "  Essays,  Meilifyil  and  Philohuphii  al,     l'''*0»  p.  337» 

*  Milne  Etl wards,  "  J^i^'ons,"  toiim  viii.  p.  16. 

*  '*  Physiologic,"  Bd.  i.  S.  4:>4. 

^**  Rev.  scUtU.,  PariH.  18i^5,  tome  ix.  p.  202. 

**  Ann.  de  cAim.  €( pfaja.,  Paris,  Sit.  li,  tomi?  xxiii.  ]k  (H. 
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rhpichiis  anatinus)  from  24°*4  to  25 '"2.  In  the  case  of  birds  the 
temperature  is  generally  two  or  three  degi"ee8  higher  than  that  of 
mammals. 

In  the  observation  of  the  temperature  of  animak,  it  is  neceaaary. 
if  comparable  results  are  to  be  obtained,  to  insert  the  thermometer 
to  a  siinilar  extent  each  time,  and  to  prevent  struggling  of  the  auimal 
before  and  during  the  time  of  observation.  Finkler  ^  found  that  the 
rectal  temj>erature  of  guinea-pigs  was  SG"*"!,  SS^^l,  and  38'''9,  at  a  depth 
of  2"5,  6,  and  9  cms.  respectively.  Aronsohn  and  Sachs-  found 
that  the  rectal  temperature  of  normal  ralibits  rose  to  over  40^  aft^r 
a  short  chase,  Hobday^  observed  a  rise  to  4l''l  m  the  case  of  sheep 
and  pigs,  and  Mott  ^  hiis  noticed  a  rise  of  one  or  two  degrees  in  the 
temperature  of  monkeys,  owing  to  a  similar  cause.  Moreover,  the  times 
of  observation  should  as  far  as  possible  be  similar,  for  animals  show 
a  daily  variation  in  temperature.  Rabbits  extended  on  their  hacks  and 
tied  down  lose  so  nmch  heat  tliat  their  temperature  rapidly  faUs 
(Legallois,   Eichet;') 

The  temperature  of  cold-blooded  animals. — It  has  already  been 
»hown  that  there  is  no  bard  and  faat  line  between  the  so-called  warm -blooded 
animals — those  with  a  constant  temperature^  and  the  colit- blooded  animals — 
those  with  a  varying  temperature.  Further  proofs  of  this  will  now  be  given, 
and  others  will  be  brought  forward  'wiien  the  sulyect  of  hibernation  is 
considered. 

John  Hnnter^  made  some  interesting  observations  njKjii  the  temperature 
of  bees.  He  fountl  in  the  month  of  July,  when  the  temperature  of  the  air  was 
12'' '2,  and  a  north  wind  was  blowing,  tliat  the  temperature  at  the  top  of  a  hiTe 
full  of  bees  was  ST'^'S.  In  iJecember  the  temperature  of  the  hive  was  22**8, 
when  that  of  the  external  air  was  only  V'7.  A  single  bee  ha,s  so  little  power 
of  keeping  itself  wanii,  that  it  quickly  becomes  numb  and  almost  motionle« 
when  exposed  to  the  moderate  cold  of  a  summer  night.  The  aggre^tion, 
however,  of  vast  numbers  in  a  hive  ensure.*!  the  production  of  enough  heat  to 
keep  the  bees  active  even  in  winter^  and  for  this  production  of  heat  a  constant 
supply  of  food  is  iiectssary.  The  warmth  of  the  hive  is  needed  also  for 
the  iig^^,  pnpEe,  and  larva?,  fur  Hunter  found  that  they  would  not  live  in  a 
temj>eratnre  of  17".  The  wax  is  by  means  of  the  warmth  kept  so  soft  that  the 
bees  can  model  it  with  ease. 

I^nmerons  oliservations  nixm  the  temperature  of  bees  were  made  by 
Newport,"  wlm  found  that,  when  the  insect-*^  were  in  a  state  of  activity, 
their  temperature  was  above  that  of  their  surroundings ;  the  larva  and  pupa 
had  a  lower  temperature  than  the  imago,  and  less  piwer  of  generating  as  well 
as  of  mainLiining  their  temperature.  In  winter  the  t^'in^ierature  of  a  hive, 
when  the  bees  were  in  a  stjite  of  repose,  fell  considend.»ly»  and  varie<l  slowly 
with  tliat  of  tbe  atmosphere ;  the  bees  did  nut  become  torpid,  but  passed  into 
a  deep  sleep,  broken  at  intervals  by  [leriods  of  activity.  A  very  low  atmo- 
spheric temperature  aroused  the  bees,  and  thus  prevented  any  great  fall  in  the 
temperature  of  the  hive.  Thus  on  January  2,  1836,  at  7.15  a.m.,  when  the 
temperature  of  the  air  was  -7*"5|  that  of  the  hive  w*as  -1^*1,  and  the  been  were 
quiet,  but  after  the  bees  were  disturbed  by  tupping  the  hive,  the  teiiip<fmttixe 

*  Arrh.  f.  fL  fje«.  PhimoL,  Bonn,  1882,  Bd.  xxix.  S.  117. 
=  /i.jW,/l885,  Bd.  xxxvii,  8.  232. 

*  Jtnirti,  Comp.  Pfith,  and  Th^rap.f  Edin.  and  Londou,  1896,  voL  ix.  p.  286. 

*  Note  eomiinmicated  to  the  writi^r. 

^  Et'v  scUnL,  Paris,  1S54,  tnnie  vjji,  p.  300. 

*  '*  Wurks,"  Palmer's  editioD,  Loudon,  1837,  vol.  iv.  ]k  427. 
'  Fhil  Trans,.  London,  1837,  pt.  2,  p,  253, 
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was  raised  to  *IV'\  within  fifteen  niinutea.  On  another  occas ion,  when  the 
external  temperature  was  1' 4,  lluit  of  the  hive  full  of  at-tive  bee^  was  ^%^'%. 
The  tempera tiires  of  indivirliiaJ  nurse  hees,  brooding  over  the  young  bees  in 
the  combi,  was  as  higha^  21*  •4,  whih?  the  temperature  of  the  cell  after  the  hee 
,  left  it  was  24^  and  that  of  the  air  22', 

Similar  reralta  have  been  obttiined  by  Reaumur,^  Huber,-  Dut rochet,^ 
Xobili  and  Melloni,*  and  others. 

In  marked  distinction  to  bees  are  other  insects,  snch  as  bome  wiinpa  and 
flie8,  which  can  jm.sfi  the  winter  in  a  ntate  of  torpor,  their  temperature  varying 
with  that  of  their  surroundings. 

The  diHerence  between  the  temperature  of  the  animal  anil  tliat  of  it8 
Burroun dings  varies  in  liitl'erent  classes  of  tlie  rold- blooded  animals.  The 
following  are  results  obtained  by  liitferent  observers  : — 


AnitimL 

Tempenturt  of 
Animal. 

T<?niporaturc 
of  Surround iupi. 

Obwrver. 

Viper     . 

20"      (68)* 

U'-4 

Hunter.  * 

l^thon  . 

24=-4  (76°) 

i5"^e 

Sclater.'' 

Turtle   . 

28°'y  m']^ 

m'i 

Davy.* 

ft        '        '        ' 

27^*8  (S2-) 

28'-9               1 

Czcmiach." 

r»g    .     .      . 

17^^-2  (63^) « 

ir-7 

Davy.* 

f)          "           •           ■ 

14    4(58)* 

14*-4 

jf 

8°*9  |48") 

6^-7 

Czermach." 

Proteus. 

17'*8(64'^) 

13^-3 

t» 

Cirp      . 

20  '6(69  ) 

W^ 

Hunter.* 

Trout    . 

14'^*4(58  ) 

18'-3 

Davy.« 

»!                 '                   ■                   • 

5'*6  (42  ) 

4*-4 

It 

Flying  fisli     . 

25^-6  irr) 

26*8 

it 

Shark    .         .         . 

25^*     (77  ) 

23«7 

It 

Bonito  . 

37^-2  (»r) 

2^*9 

tf 

Crayfish 

CniL      .         .         . 

26-1  (79") 

26^-7 

jt 

22  ■2(72) 

22^-2 

>» 

Su&il  (Indian) 

24  ■a(76  -iS) 

24  -e 

11 

Eanhwortiis  . 

14" -7  (r.8^%'^^) 

13  -y 

Hvinttfr.* 

1  Black  Slugs   . 

13^     (55^-25) 

12-2 

i» 

Leeches 

13  -9(57  ) 

13-3 

.. 

ScArabfleuA      . 

25^     (77^) 

24^-4 

Davy." 

Glow-worm    . 

23-3(74") 

22-8 

ti 

Ltwust  , 

22  -2(72  -r.) 

16^7 

tf 

FapiUio   Agtiiiicm' 

27^     (80^ -5) 

25^-6 

»t 

non 

Scorpion 

25  -3  (77  -5) 

»» 

The  results  of  ob«ervatir>]m  on  thetein])emtnreof  other  cold-blooded  animals 
will  be  found  reropJcMl  in  the  ivorkn  i)f  Tiedeniann,^"  Kudolpln/^  Newport,^* 
Valentin,^^  Dntrochet^^*  Milne  Edw^irds,^'*  and  Gavarret^^ 

'  *VM^m.  iK>ur  servira  HiihtniiT  "len  iiiHecten,"  Meiri.  13,  tome  i v. 

*  **  Kov.  ol)i>er.  Mir  les  alteilk^H,"  Ujuw  ii.  p.  336. 

^  Ann.  d.  sc.  Jtai.^  Paris,  1540,  *' Zoo|rmi(-/'  Ser.  2,  tome  xiii.  p.  5- 

*  jinn.  d.  ckitti.  et  phys.^  Paris,  8t'r.  2,  tomt^  .xlviii.  j».  207,  "  Rcetal. 

*  *' Works/'  Palmers  litlitioUt  London,  1S37,  vol.  iv.  p.  133  et  setj. 
^  Froc.  ZooL  Soc.,  Loiidou,  1862,  p.  365, 

■  "  Kescardiesi, "  Loiiflon,  1839,  vol.  i.  p.  1S9;  ibiti.,  )u  219. 

^  Jmrtt,  dephys.,  PanX  1S21.  ^^  ''Physiologic/'  Bd.  i.  S.  454. 

"  **Gi-uiidriH3  dt-r  PhyhinL/'  Hd.  \,  8.  l.'^l  *1  atq. 

^^  PhiL  Tram.,  Loudon,  ISUT,  pt.  2,  p.  259. 

^^Jtepert.f.  Ana(.  u.  Phiji^hL,  1^39,  Hd,  iv.  S,  359. 

**  Ann.  d,  &c.  mtl.^  Paries,  L^AO,  *'  Zoologie/*  Sir.  2,  ttniie  xiii.  p,  5. 

**  **  Le?on»  sur  la  physiol./'  tome  viii.  [i.  7. 

'•Article  '*Chaleur  aniuialc/'  " Dietiouiiaire  eucyclojit'dkpie  d.  .scieuces  m^dicaleB/' 
Paris,  1874,  S^r.  1,  tome  xv.  ;  "  De  tliahur  prothiite  par  lea  etren  vivaiitji/' PanSj  185B, 
p.  113. 
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A  consideration  of  the  al^tjve  JUta  shows  that  the  Leiiipemture  of  cold- 
blooded animals  ih  generally  a  few  tenths  of  a  degree  aKive  that  of  their 
surround Lngs,  but  lliut  in  80!ne  exeeptionul  case^,  us  that  \A  the  python  tuid 
a  tish  known  as  the  iKmiki  {Thyunm  peJamys),  it  may  be  10  degrees 
above  the  external  teniperuturt'.  Althon^di  these  high  tenij>eratured  are  well  . 
aiitheuticiited,  the  cattf^es  have  not  I>i*en  determined ;  it  is  to  he  noted,  how- 
ever, that  the  hij^h  temperature  is  inure  marked  in  the  ineiiljating  femAl€ 
pytlnnt  than  in  the  male  which  does  not  ineuluite,  and  that  the  bonito  has  veiy 
vaseu  la  r  red  m  u  t^i  1  i?s . ' 

The  tenii>erature  of  many  of  the  cold-blooded  animals  is  often  below 
that  of  the  air,  owing  U)  the  great  loss  of  heat  by  evaiKjration,  and  to 
the  large  surface  exjiosed^  especially  by  inseets,  to  eooling  by  ratliation  and 
conduction. 

Hibernation." — Cert^dn  anijmds,  on  the  ajjproach  of  winter,  and  in  some 
eases  wvu  in  summer,  retire  to  their  burrows  (»r  nther  shelter,  become  inactive, 
and  fall  into  a  turpid  state.  All  the  activities  of  the  body  are  grentlj^  reduced, 
and  the  tempi  ratnre  falls  to  a  point  only  slightly  above  that  of  the  surruund- 
ings.     Su(  h  is  the  eontlition  known  as  hibernatioiL 

The  animaLs  in  whoiu  hibernatii>n  has  l)een  definitely  proved  to  take 
l»lace»  do  m>t  bihjng  to  any  one  class;  examples  are  nn^t  with  in  mammals, 
reptiles,  amphibians,  insects,-^  molluscs  ami  lower  animals,  but  no  cases 
are  known  niimng  birflt^.  As  regards  fishes,  no  well  au then tie^ited  rase^  of 
hibernation  are  known  ;  there  are  doubtful  instances  in  which  the  Hah  lias 
been  imfU'isoned  by  the  freezing  of  the  water,  and  yet  1ms  remainetl  alive  for 
sonn*  time. 

The  following  mammals  hibernate  —  spermophile,  marmot,  hamster, 
squirrel,  hedgehog,  dormouse,  bat,  bear,  and  beaver.  In  some  cases  the 
animal  lays  up  stores  of  food,  npcm  which  it  feeds  when  it  awakes  at 
intervals  during  t!ic  period  of  hiberuittion  ;  in  other  eases,  there  is  a  special 
accumulation  of  fat  within  the  aiiiuuil's  Ixidy  before  the  commencement  of  the 
torpid  state. 

The  further  atrcount  of  tins  subject  refers  only  to  the  hibeniating 
Tu  animals. 

Tftf  roiifiitum  o/'  the  a  ft  una!  thiriutj  hiltprnfitiftn, — Be^piration. — The 
frequency  of  respiration  is  greatly  dinnnif^hed,  and  the  rhythm  is  irregizlar 
and  often  of  the  Cheyne-St^jkes  tyjwi.  A  hiljernating  dormouse  may  not  give 
a  single  re,s|»inUion  for  ten  ndnutes,  then  may  take  ten  or  lifteen  breaths^  and 
again  cease  breathing  for  another  peritnl  of  several  minntes.  The  same  animal 
in  an  active  condition  breatlo\s  at  the  rate  of  eigiity  or  more  in  a  minute* 
Similar  residts  have  been  obtaiued  in  the  case  of  other  animals. 

Determinations  of  the  respiratory  exchange  have  been  made.  8|iallanzaiii ^ 
found  that  ilnringhibernatinn  marnutts  and  bats  could  be  kept  for  four  bonra  in 
carlM>n  <lii»xiiie  gus  without  sullering  any  ill  olfects,  whcrcius  a  bird  and  a  rat 
placi'd  in  the  chandjer  at  the  sLime  time  died  at  once.  Saissy ''  oWerved  that 
the  amount  of  oxygen  taken  up  by  dormice  varied  as  the  activity  of  tlie 
aniiual,  and  that  duihig  Will-marked  hibernation  there  was  hardly  any  intake. 

^Scc  p.  849. 

^Siiico  this  siu-tinii  wu^  wfithii,  tlicre  haa  appeared  a  monograjih  by  DuUnis,  '*  Physio- 
logie  euTiiparec  «le  la  iimnnotti/'  Paris,  1896,  wliit'h  contaiu*  a  large  ntniibcr  of  crif^nal 
nbservutions  and  an  akstract  of  il»e  previoIl^^  work  ujKjn  liihernatiou.  The  bihliogrmphical 
iriib'X  rodtiUDs  refert'iKTs  Ui  145  iiajH-rH. 

^Triait-ri,  '*  IJultrrlhes  of  Soutli  AlTira/'  vnl.  i,  [t.  231.  See  also  Xa/urtf  Londoo,  find 
Aftril  and  11th  Jnm  18&6. 

*  S|».'dtjuiz.iin,  "  M+rUioirs  on  Rp^^oration,"  edited  by  SeiieUitT,  18(14.  See  urtiele 
"(.'hetiu\stiy  of  Rftspiratiun,"  ttiis  Text-Vjook,  vol.  i. 

'*  "  KiH'lii'nhea  cxp<'rim«'nlal(*s  anatomiqtiea,  thiaikpie**/'  etc.,  1808;  Reeve,  '*0n 
Torpidity,"   1809  j   Edwards,    *'De  rintlaeuce  dt'a  agens  pliyaiijues  sur   Im   vie,**    P«m, 
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The^e  reHu!ti*  have  l>eeu  extendeiJ  auil  liuiitinm-d  by  Mtiralmll  Hall,^  Rejq^ault 
and  Keisf-t,  IKtrvath/-^  and  others.^ 

Kegn»nlt  ami  Keiset^  determined  the  rej^pinitory  exchange  of  several 
hibernating  niunnotis,  and  found  that  the- intake  of  oxygen  was  about 
one-thirtietlj  of  that  of  an  active  atiinird,  and  only  abont  two-fifths  of  the 
oxygen  appeared  in  the  iarbi*n  dioxide  di^eharged.  The  fol lowing  are  two 
examples : — 


OodKlitlotj  of  ManiioL 

Omu.  |>«r  Kilo,  and  Hour. 

O2 

IhUke. 

COi 
output. 

COi 
Or 

HihernatinjEC 
Awake 

0-48 
1'19S 

0*37 
1*312 

'566 

A  further  proof  that  oxygen  was  stored  \\\\  m  the  Imdy  of  the  hibernating 
animal  was  fuund  in  the  iucresusc  in  weight  of  a  niarnuit  during  |inifonnd 
torpidity;  it  gained  an  nint'h  a??  5  if  gnnts.  in  five  day.'^* 

The  output  of  earViou  dinxidp  wan  investigated  by  lb»rv^^th,  who  found  that 
the  amount  varied  aet-urding  to  the  animurH  activity.  The  following  h  an 
Biara])le  of  his  results : — 


Condi  tjon. 


Siael,'*       163 
grms. 


HibfrnatJiig 
Auake 


TfriiiH^mture. 


33-5 


Tpnipi'Tnliirf 
of  Air. 

9" 

13^ 


Kviipiratioiia 
|wr  Mitiute. 


Wli 


In  Grmfl. 


'025  ill  iliree 
hnii  rs, 

'ITiT  111  li-ilf 

ai]  liour. 


Similar  resiiltj;*  have  hi  en  tibt-idned  in  the  e?ise  nf  dormife  and  liais.'^ 
According    tr»    Saif^^iy,"  a    hedgehog  ean  ah.^orh  all  the   oxygen   from    Llie 
nir  in  whieh  it  is  eon  lined,   an<l  ran   even   live   for   tifteen  niiiiutes  in    jmre 
aitrogen,    whereas    a    rat    inider    siniilar    cnudilitins    ilies    in   lens   than   three 
tninntes. 

CirculutiuH. — The  forf^e  :iud  freqneui  y  of  th(^  heart  heat  is  nineh  rediteed 
dtirin^'  hibernation  ;  in  the  lase  of  the  hat  Jind  dornionse  t^i  fourteen  njnl 
sixteen  j>er  minute  or  even  less,  the  n\te  in  the  aetive  uninud  }M?ing  above  100 
per  minute.  On  ap|)Iying  a  Htethoseopc  to  the  rhest  of  a  hibernating  IkiI, 
no  80uud  of  the  heart  beat  ean  he  heard,  wherean,  when  the  aniuiul  awake;s  ami 
Wome^i  aetive,  tln^  sou  nils  are  so  hmd  that  they  eati  he  heard  by  the  ear  pLu  ed 
one  inch  away  from  tlie  animal  (Hill  and  IN  iiihrey). 

iWikow,    'iJvr    ^ViiiterH-'hlaf/"   1816, 


*  Phil.   Trnns.,   bon-l<»n.    18:J1>,    j-t.  I.  \k  'i'-ir, 
here  Tjiiinf roii»  arUHtional  icffTtTi^cs  are  given. 

^  Verhnmli.   d.    phua.mnL   VeseHMh.   ra    Wtn-Jnntfy   J  878,    IJd 
1880,  Bd.  xiF.  ;  IBKl/tliL  xv. 

*  Pemhrey  and   IbiU?  Wlntf,  Jt^nni.  Phy^ivL^  \"ixyn\\v'u\^^v  uimI 
xix.  p,  477. 

*  Ann.  d,  chim.  H ph^ffi.,  PiiiiN  1>^IP\  iSt'«r,    t,  tmiie  xwi.  |i,  4t^. 
^'  Allip<l  to  tin*  TiiariJiots, 

*  IVmbruy  and  HhIq  Wtiitc%  fuc,  riL 

^  DcrtUche.^  Arch. /.  (L  Ph^nioL,  lijille,  ltil7,  IM.  iii.  8.  la^r. 


xii.  ;  187!>,  b<I,    xiih  ; 
London,    181*5-96,   vol. 
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The  blood  during  hibernation  has,  according  to  moet  observers,^  an 
arterial  colour  in  the  veins  ;  on  the  other  hand,  Marshall  Hall  elates  that  it 
hae  a  venous  hue  even  in  the  arteries.  Further  details  concerning  the 
circulation  will  be  found  in  the  works  of  Reeve,  luiwards,  Barkow,  Horvath, 
and  Dubois,^ 

The  gases  in  the  blood  of  hibernating  and  of  active  marmots  have  been 
determined  by  Dnlxiis/  who  found  that  during  hibernation  the  arterial  blood 
contained  as  much  oxygen ^  the  \^enous  blood  less  oxygen^  and  both  arterial 
and  venouH  blood  an  excessive  quantity  of  carbon  dioxide,  as  compared  with 
the  gases  of  arterial  and  venous  blood  from  active  animals. 

l>*V?e*/!on.— The  activity  of  the  digestive  organs  varies  according  to  the 
habits  of  the  ditlercnt  nninials ;  some,  6uch  as  bats,  take  no  food  during  the 
winter  J  others,  such  a8  the  dormourie,  hamster,  and  marmot,  store  up  food, 
which  they  consinne  during  short  periods  of  activity.* 

Nervous  sf/stem. — The  excitability  of  the  nervous  system  is  greatly 
depressed,  and  the  nervous  and  other  tissues  of  the  body  resemble  those  of 
cold-blooded  animals,  in  retaining  their  excitabiHty  for  a  long  time  after 
removal  from  the  body.^ 

Temjjerattirp. — Dtiring  hibemation  the  temperature  resembles  that  of  a 
cold-blooded  animal,  rising  and  falling  with  that  of  the  surroundings.  In 
this  way  the  rectal  temperature  may  fall  as  litw  as  2'  without  injurious  eflects 
following.  When  the  animal  awakes  from  hibernation  its  temperature 
generally  rises  rapidly  many  degrees  above  that  of  the  air  ;  the  most  rapid  rise 
takes  place  after  the  rectal  temperature  has  reached  17',  when  there  may  be 
a  further  rise  U^  32'  in  forty  minutes;  this  is  accompanied  by  an  increase  in 
the  activity  of  the  animal,  and  in  the  output  of  carbon  dioxide,^ 

If  the  animal  be  fully  awake  and  active,  its  temperature  resembles  that  of  a 
wann-bloocle<l  aniinuL;  a  fall  in  external  temperature  increases  it«  activity, 
temperature,  oinl  respiratory  exchange,  while  a  conBiderable  rise  has  the 
opposite  efleet'' 

The  poorer  of  heat  r^ifulalion  in  hib^rnatutfj  af{imah,^T\yG  capacity  for 
maintaining  a  constant  temperature  varies  according  to  the  condition  of  the 
animal ;  during  well-niurkcd  hibernation  this  power  is  very  slight,  and  resembles 
that  of  a  cold-blooded  aniiual,  but  when  the  animal  is  active  its  power  of 
regulating  its  temperattire  is  comparable  to  that  of  a  warm-blooded  animal. 

There  is  nn  intermediate  st:ige  wlicn  the  animal  is  listless  and  inactive, 
with  a  bodily  temperature  below  that  of  its  uonnal  in  summer,  but  considerably 
above  that  of  its  surroundings.  In  this  condition  it*?  power  of  regidation 
re^^embles  that  of  an  immature  mannnal ;  within  certidn  narrow  limits  it  is  able 
to  maintain  its  temj^emture,  but  when  expfised  to  cold  its  iem|)erature  falls, 
and  it  passes  into  a  colibblooded  conditions 

The  forakeriinfj  from  htbernafiojt. — ^(  hie  of  the  must  interesting  phenomenii 
in  hiljematioji  is  the  sudden  rise  in  temperature  which  occurs  when  the  animal 
awakes  from  its  torpor.  This  rise  is  so  great  and  sudden  that  there  is 
nothing  comjmrable  t^j  it,  not  even  the  sudden  rise  seen  in  some  cases  of  fever. 

Thus  Horvath  ^  found  the  temperature  of  a  sisel  rise  from  H't^iS^i^in 
one  hour  and  f(»rty  minutes,  the  teniperature  of  the  air  remaining  14'*     In  the 

^  In  atldilkm  to  other  ref^reaccs,  see  Bernard,  *'  Le^onjt  sur  Is  clialeur  anitnale,"  1ST6, 
p,  374, 

-  See  references  on  pp.  794-795. 

^  Comjit.  Tend,  »Soc,  d^  hioL,  PariM,  1894,  22  dtceiiil^rt'. 

*  For  further  detailn  swtj  the  works  lueatiooed  on  \\  794  ;  alao  Gavarret,  **  De  la 
chaltnir  jinyluilt^  i>ar  Ics  rlres  viviiritu/'  W\\»^  1855,  ]>.  466> 

°  lioivatli,  loc.  cit,  ;  Pcnibrey  aud  Hjile  White,  lm\  ciL 

"  Pembrey  and  Halt*  White,  loc.  cU.  ;  Hunter,  **  Works,"  Palmers  Edition^  Liiadoti, 
1837,  vol  iv.  p^i.  141-ur», 

^  Pembrey  and  Hale  WJiite,  lor,  cU. 

*  rerhaitdL  d.  phy&.^jacd.  Oesefinch,  in  fPlinburff,  1878,  Bd.  xii,  8.  162, 
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bat  and  dormouse  the  riae  may  be  even  more  rapid,  as  shown  by  the  folic  wing 

examples  :i — 

r  =  17°  when  very  quiet     \ 

x>  .     jj    .  I  .  ,  -  34°   when  awake  and   Temperature  of 

Bat — Rectal  temperature -t  ,>  ^.^       ,-        \      ,^0  ^ 

^  active,         fifteen        air  ^10 '5. 

I  niinutes  later        I 


r=  13°-5  when  asleep        ') 
_  I  -  35°"75     when     awake  I  Temperature  of 

"  and  active,  one  air  —  9  *5. 

I  hour  later  J 

The  rapid  rise  m  temperature  is  accojupunied  by  a  marked  quickening  of 
the  respiration  and  ui  the  hmirt-lieat,  and  l>y  active  niovenient-^  of  tlie  body. 
In  some  case.**,  especially  in  the  marriiot,  there  18  a  ci^nvulsive  shakin;^  of  the 
bcMiy,  The  increase  in  the  muscular  activity  appears  ti>  be  the  chief  cause  of 
the  incre4iae<i  prtKluction  of  beat,  although  Horvath  -  and  Dubois^  do  not 
accept  this  view.  It  is  to  be  noted,  however,  that  Horvath  drawis  attention  to 
the  increased  respiration  and  heart-heat,  and  reniarks  that  when  once  the 
Bhivering  movements  of  the  marmot  have  conmieneed,  nothing  can  prevent 
the  animal  from  awaking,  and  it^^  tempi  nature  from  rising,  Ihilxas  eonsidera 
that  the  liver  play^  the  most  imjjortunt  [>art,  far  he  tin<ls  that  extiquition  of 
the  ganglia  of  the  Holar  plexus,  or  ligature  of  the  portal  vein,  and  of  the 
inferior  vena  cava  just  above  the  liver,  [irevents  the  rajiid  rise  of  temperature 
obser^'ed  in  an  awakening  niarmoL  An  examination^  liowevir,  of  the  exjieri- 
meuts  made  hy  Dubois  sh<iws  thiit  the  infkieiire  i>f  the  nervous  system  is 
eonsiderablcj  for  the  greater  the  motor  ptimlysin  the  smaller  was  the  rise  in 
temperature,*  Kemoval  of  tlie  cerebral  hemis|)bereB  does  not  prevent  hiber- 
nation or  the  rise  of  temp<'rature  observed  when  the. animal  awakens.  Tbe 
latter  phenomenon,  however,  i^  alx)li8hed  hy  section  of  tlie  spinal  cord  at  the 
Ipvel  of  the  fourth  ce^vi(^al  vertebra, 

III  the  case  of  hats  and  di)rnnce,  Pembrey  and  Half  White  have  .shown 
that  the  sudden  rise  in  temperattne,  when  the  animal  awakes,  is  accimipanietl 
hy  a  greatly  increased  discharge  of  tarbon  ilioxide. 

77^6  €anms  of  hthprnafiou, — The  catise  generally  assigned  for  hil:)ernation 
IS  cold,  htit  a  more  careful  consideration  of  the  facta  long  ago  showed 
that  cold  cotdd  not  be  the  sole  cause  of  ihe  phenomena,  JVIost  observern 
who  have  worker  I  at  the  subject  of  hibematinn  liEive  fountl  that  even 
severe  cold  will  not  rause  an  active  animal  to  hibernate.  Saissy  ^  ohf^erved 
that  a  low  temperature  alone  was  ineflTectual,  but  the  continued  effect  of 
cold,  and  a  limited  {unount  of  air  for  respiration,  imused  a  marmot  to  pa^s 
into  a  typical  hibernating  condition  even  in  Bummer.  Mangili^  found  that 
torpid  mannots  and  bats  were  awakened  hy  exp*?snre  to  severe  cold,  ami  that 
ponfined  air  would  not  causi*  hil>ernation.  Valentin  and  Ilorvath "  have 
recorded  c^sea  of  niarniois  hiherruiling  under  normal  contlitions  during 
Bumnier;  the  animals  were  very  fat,  and  the  tor[iid  condition  was  in  all 
reepecta  similar  to  that  in  winter.  Pallas  sUit^^s  that  if  the  hamster  be  luuied 
four  or  five  feet  below  ground  in  a  conflm*d  space,  it  begins  to  hihemate.* 

Dormice  have  been  kept  throughont  the  winter  in  a  warm  room  {16'),  and 
yet  they  hibemateii,  and  were  not  ar^nsid  win  n   the  exti'rnal   temperature 

'  Pemhrey  and  Hale  Whito^  itH'.  eU.  ^  Lctc,  rit.,  \t\t.  MO,  175. 

*  CampL  rtml  ^'oc,  d^  bioi.,  Faria,  1893,  pp.  '210,  1'\'i  ;  ISiU,  pp.  36,  115. 

*  ibid,,  1893.  p.  156. 

*  **  Rechcrches  exjK^rimBntales  aimtoniiqup*,'*  etc »  1 80$» 
•^rcA./  d.  PhytioL,  Halle,  1808,  lid,  viii.  S.  4y:i,  4:i7,  444. 

f  Vtrhandl.  d.  phya.-mfd.  QtsetUch,  in  IViirzhurg,  1881,  (id,  xv.  S.  209. 
•See  alse  Paul   Bert,    **Ltn;oas  aiir  la  physioh  ronip.  rle  la  rtupimtion,"  Paris,  1870, 
|i,  50S. 
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was   20^;    tlie    warmth,    however,    delayed    the   onset   of    tnrpidifr  hj 
iiKJiitliR,  mid  riKido  it  le^s  jirofouiidJ     Further,  it  is  found  that 
hibeniiitioii  takes  place  in  the  dry  hot  sejis^m  ;  thns  there  is  in    - 
animal,    clnsely    rdlied    to    the    hi^d-^'ehpf,',    and    culled    the    tiuirec    {iJemtfi 
ecawhihi^)^  which  buries  itself  itnd  beenines  letlmrgie  in  the  dry  seti^n,  wb 
its  insect  ftwd  is  iinicressible/'*     The  reptiles  iiud  nmny  of   the  invcrteb 
aninmk  of  tropical  climates  seek  their  hiding-places  and   falJ  into  a  stAte  df' 
torpor  during  the  dry  vsenson,  when  the  heat  is  tm^st  uitense.     Turpidiiy  ta 
dormice  and  hedgehogs  may  be  delayed  or  prevented  by  a  plentiful  supph  ol 
food/^ 

Want  of  food  and  cidd  seein  tn  be  the  nuist  iniport^mt  factnrjs^  but  that 
must  be  some  other  <!ondition,  at  present  unknown,  Uy  explain  the  case*  d 
marnnits  hibuTiating  dining  the  :^ummer.  It  is  certain  that  many  Bpeci««i of 
aniniak  which  become  torpid  in  one  cnuntry  do  not  becxmie  so  iti  anotbcL 
ThiK  f«ct»  according  to  liarton,*  is  very  noticeabh3  in  the  United  Statet?,  tm 
TQiiny  spcjcsies  which  hibernate  in  Pennsylvania  and  other  more  n<«rthrn5 
[>arts  of  the  country,  do  not  hibernate  in  the  Caralinas  and  other  Bouthrnj 
jmrts  of  the  continent.  Attempts  have  been  made,  but  without  suct.-e**.  to 
iiud  anatomical  ditferene<*i<,  e8|>ecially  as  regards  the  blood  vessels  of  Uj*  baia, 
which  w<mld  account  for  hibernation.^ 

The  most  recent  theory  is  that  of  Dubois,**  who  mamtauis  that  hil¥?xwiuan 
is  cauHe<I  by  an  autonarcosis  with  carbon  dioxide.     In  support  of  I'l' 
he  adducps  th<*  following  facts,  namely,  the  accumulation  of  carlw.m  <\. 
the  blood,  and  the  production   of  Uirpidity  in  marmots  exposed  to  au  • 
s]>here  containing  about  40  per  cent,  of  carlxm  tlioxide. 


The  Influence  of  Varjods  Conditions  upon  the  Temperatuki  or 
Man  and  Othee  Wakm-blooded  Animals* 

Numerous  obaerv^ers  have  insisted  upon  the  occurrence  of  sm.ill 
variations  in  the  leuiperature  of  healthy  lucix  atul  aniinab,  an«l  fuive 
Bhown  l>y  cxporiiucnts  that  these  variations  are  due  to  several  causes. 

Influence  of  day  and  night, — The  temperature  of  man  is  subja'l 
to  Blioht  daily  variations;  it  rises  during  the  morning  and  aftenjooo, 
it  falls  during  the  evening  and  early  part  of  the  niurniflg.  Cpm 
the  points  of  maximal  and  minimal  tempemliirc,  and  the  miigf  frf 
variatijTii,  the  residtti  diflbr  considerably,  as  the  table  on  p.  7M 
shows. 

It  will  lie  seen  from  these  results  that  there  is  more  agrt^- 
merit  upon  the  time  of  the  minimal  daily  temperature  than  ujHiti  tki 
of  the  maximum.  The  causes  of  this  ditlbrence  are  mainly  two:  in  the 
first  phiee,  there  appears  to  be  a  rise  and  then  a  fall  in  tern f»eni tun* 
before  the  ascent  to  the  maxim uni  begins.  Thus  Harensprung  found* 
rise  in  the  early  morning  to  11  a.m.,  then  a  fall  to  2  RM.;  and  Damnwh 
observed  that  the  temperature  rose  from  7  A.M.  to  10  A.M.,  and  then  M 

^  B«rthold,  ArcA.f.  J  mil,,  Phimol.  m.  leiuenaeh,  Meti.,  1837,  8.  83. 

2  Thin   statenient  uf  Cnvi«r  and    Bruginfre    is  contestiHl   by  Bi-own  - 
perinii'iitali  Rosearc^bes  aj^plitd  to  Pliysiology  and  I'atliolo^y, "  Nrw  York,   '•■ 
inaiiitJiiiis  tlmt  tlit*  tiinrt'C  hibernates  in  the  muter  iR'ason,  when  the  cxtt'i  i 
h  fruin  15  to  23  dc^cci!. 

'  Reeve.  **  An  E^isaj  on  the  Torpidity  of  Animuls/'  1S09. 

*  Traitx.  Am,  Phil.  Soc,,  I'bibi.,  1799,  vol  iv.  p.  121, 

«  Mangili,  Arch,  f.'d,  PhmiuL,  Hidh-,  1308,  Wd.  viii,  S,  44(1 ;  SftSwy,   tkuUtkn  Aw^ 
f.  d.  PhjjmU.,  Halle,  1817,  Bib  iii.  8.  136. 

«  Ctmipt,  nnd,  Acad  d.  5C,  PnriH,  I89r»,  toinc'cxx.  p.  458  ;  CampL  nONf.  SfH  it  Wbt* 
V&rh,  189f»,  lie  Mui-t^. 
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I  RM.  This  small  morning  variation  preceding  the  rise  to  the 
ino  would  explain  some  of  the  uncertainty  concerning  the 
f  the  maxim uni.  Tlie  second  important  cause  ia  the  diHereuce 
me^ls  of  the  English  and  Geruian  people;  the  "fruhMuck" 
aiall  meal  compared  with  the  English  hroxtkfast,  and  thus,  in 
ier%^ation6  made  in  England,  the  morning  fall,  lieginniDg  ahout 
dock,  would  be  masked  by  the  increased  warmth  due  to  a  hearty 


of  UaxiRium, 

Time  of  Mlpimtmi. 

VartAtioiuL 

Plneeot 
ObMn-mtion. 

Obiitrver, 

;n  8  A.M.  and 

About  1  A.M. 

V 

Month.        ' 

Davy.i 

II. 
mill-day 

BctM'cen  11  p.m.  and 

2  A.M. 

0-7 

II 

Gierse, 

,M. 

BetM-een  H  I'.M.  and 

8  A.M. 

0°'72 

«» 

Hooi>er. 

^tj  10  A»M.  and 

Between  11  p.m.  and 

0=^73 

ft 

Halltnaim. 

H. 

7  AM. 

m  4  P.M.  and 

BL^tivt'cii  1   A.M.  and 

O^-.'in 

IT 

Liehtenft-ls   and 

W* 

7  a.m. 

(y  mi 

FrohliL'li. 

iU  4  P,M,  iind 

Al>0llt2  A.M. 

0  ■? 

C^asey. 

If. 

an  4  v.ii.  ftod 

Between  12  p.m,  and 

0"6 

»1 

ClitTonl  Alllnitt. 

H* 

7  A.M. 

7  P.M. 

About  13  A.M. 

0-8 

f  1 

Ogle. 

m  2  P.M.  and 

Between  2  a.m.  and 

0-6 

ft 

Crombie.* 

w. 

7  A..M. 

in  9  A.M.  and 

About  1  A.M. 

V-2 

AxiMji. 

R  i  ti  g  f  r    and 

W. 

Stuart. 

snlO  A.M.  and 

Between  2  A.M.  and 

r"29 

J, 

Liebt^ruieistor. 

M. 

3  a.m. 

5  »'.M. 

Between  7  p.m.  an.l 
7  am. 

0^*4 

♦  f 

Damrosoh. 

.M, 

At  3  A.M. 

r^3 

II 

Billet 

m  6  P.M.  and 

About  4  A.M. 

0^-8 

n 

Biiren  sprung.^ 

Hi 

m  4  P.M.  and 

Between  2  a.m.  and 

r-3 

Rectum. 

Jorgenaon. 

K. 

8  a.m. 

m  7  A.M.  and 

Between      niidtjight 

r*i 

t» 

Jaeger.^ 

7  P.M.,  getie- 

and  4  A.M. 

r  about  4  p.m. 

6  p.m. 

About  2  A.M. 

1"'25 

f » 

Nicol. 

.M. 

At  7  A.M. 

l''*2 

Urine. 

Kichct* 

en  5  P.M.  and 

Between  3  a.m.  and 

1-1 

n 

Pendirej, 

M. 

6  a.m. 

her  causes  for  th(*  diderent  results  are  to  he  sought  in  tlie  fact 
he  ob.servatioua  are  not  eomparable  as  regards  the  age,  health, 
and  work  of  the  subjects  of  the  experimeut,  and  the  temperature 
ken  in  diHerent  ways. 

e  fullovvtog  curve  (Fig.  76),f^iven  by  Ringer  and  Stuart,^  shows  the 
luctuations  of  temperature  in  a  boy  12  years  old ;  the  thermometer, 
-registering  one,  wan  kept   in   the  closed  axilla  throughout  the 

*  The  references  &rs  tnostlj  fifiven  on  p.  789  of  this  article. 
^  Indian  Ann.  Med.  St%,  Caktitta.  1873,  vol.  xvi.  \i.  550. 

*  Airh.f,  Allot.,  Phim'4.  w.  wkm-^isch.  Mat,  1851,  S.  159. 

*  Jaef^tT,  Ikut^hts  Ajrk,  /.  klin.  Mtd.,  Leipdg,  1881,  Bd.  xxix.  8.  525. 
^  ilf^.  nKkuL,  Fiiris,  1S85,  teinift  ix.  pp.  430,  029. 

*  Proc.  Ii'oif.  Soc.  L&ndofj,^  1877,  voL  xxvi.  p.  187. 
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time,  and  the  readings  were   taken  efml 
hour.     Tlie  boy  was   in   good   health,  and 
was  kept  in  bed  during  the  ob8ervation& 

In  the  next  chart  ^  (Fig.  77)  are  Um 
daily  curves  representing  the  resulls  of 
Ogle,  Clifford  Allbutt,  Casey  and  KattriyJ 
and  those  of  Crombie,  who,  during  1 
residence  in  Bengal,  made  obsenrationi  j 
upon  his  own  temperature  and  that  afj 
natives. 


Fio.  76, — Daily  variation?* 
ill  temperature  obsfirvud 
by  Ringer  imd  Stuart. 
The  observations  extend 
over  50  hours. 
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Fig.  77. — Daily  varioiions  in  teiuprjitofT 
observed  by  Ogle,  Clifford  Allbu^ 
Casey  and  Rattray,  and  Crombkk 


The  next  curves  (Fig.  78)  represent  the  daily  variation  aceordiligla 
JtLrgensen  and  Liebermeister's  observations.* 


«^B 


3^$L 


-Daily  variationa  in  t«?mi>eratiire  observed  by  JUrgtei 
The  observationia  extend  over  30  houra. 


Morning 

and  Liebermeiitcr. 


The  average  results  of  Thierfelder^s  ^  ob8er\^ation8  upon  the  dmlj 
variations  of  temperature  found  in  subjects  of  different  age  and  sex  are 
shown  in  the  following  table  :■ — 

*  Crcjtiibie,  Indian  Ann.  Med.  Sc.^  Cnlcutta^  187S,  vol.  xvi  p.  568- 
-  '*  Handbucb  cler  Pathologie  und  Tberapk  des  Fiebera,"  Leipsig,  1875. 
'  Sckmidl'i  Jahrk,  Leipzig,  1851,  Bd.  Ixxi, 
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Morning. 

KOOD. 

Evenings 

Kewljbom    . 
Children 

Aged      .         ,         .        . 

37"'41 

37''37 

37= '0 
37' '22 

37"  "25 

37^-80 

38' '07 

37^-25 
37' -55 

37° -58 

37' '6 1 

37'' '12 
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37"-10 

37^*31 

-^4                   u 
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^     " 

k             .-                                                         -                   A            J 
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The  following  curve  ^  (Fig.  79)  rtvpiesents  the  mean  results  of  records 
of  the  fceniperature  of  the  urine  taken  by  lliehet,  Glejjand  Eondeau;  the 
times  of  meals  were  7  a.m.,  11  a.m.,  and  7  P.M.,  and  no  observations  were 
made  between  9  o'clock  in  the  evening  and  7  o'clock  in  the  morning. 

Daily  variations  in 
temperature,  similar  to 
those  already  described, 
bave  been  observed  in 
natives  of  difl'erent 
races  living  in  the 
tropics.^ 

As  regards  the 
causes  of  the  daily 
variation  in  tempera- 
tare,  muscular  activity 
and  food  appear  to  be 
the  most  important 
factors.  In  ordinary 
life  man  is  most  active 
and  takes  food  durin^,^ 
the  day,  and  is  least 
active  during  the  night. 
Debcz y  n  sk  i  ^  f o  u  n  d  that 
continuous  work  carricii  on  tliruuf;linut  the  night  reversed  tbe  variation, 
so  that  tbe  maximal  tenipinatiue  '.u  'S  occnrred  in  tbe  morning,  and  the 
minimal  o5**3  in  the  even  nig.  Nigbt-wiitching  without  work  h:ai  a  similar 
bat  smaller  etTectjt lie  ma.ximal  temjMuature  kU°7  lieing  in  the  morning, 
the  minimal  lj7°b  in  the  evening.  Jaeger*  has  obtained  similar  results, 
and  Krieger^  states  that  work  during  the  niglit  and  rest  during  the  day 
reverse  the  daily  variation.  The  inihience  of  inversit»n  of  the  ordinary 
routine  of  daily  life  has  been  studied  by  IJ.  Mohso'^:  a  series  of  observa- 
tions of  the  rectal  terjiperatine  was  hist  made  during  a  period  when  work 
was  performed  in  the  daytime  and  sleep  taken  at  night,  and  the  two  chief 
meals  were  at  11  a.m  and  6  p.m.  ;  then  there  followed  another  period  in 
which  sleep  was  taken  during  the  day  and  work  performed  at  night,  and 

^  Hlchet,  B^\  sei^nl.,  Paris,  lS8r»»  tome  L\.  p.  4^^0. 

^  Dflvy,  "  Re»eareli«H/'  London,  183fl,  vol.  i.  p.  169  ;  Jonaact,  j'irdt.  de  ined,  imv.,  Paris, 
1883,  toTi'ie  \],  p.   124  ;  Maiirel,  MvfL  Xoc.  (Vftnlhrop,  dc  Parij^,  1»84,  tome  vil  p.  381. 
^Jahresb.  iL  d,  LcUiung,  .  ,   .  d.  tjfji.  Med.,  Btrlirt.  ISTf*.  Bd.  i,  S.  248. 

*  Jaeger,  Dentsrhett  Arch.  f.  Min,  Med.,  Leipzig,  1881,  ijd.  xxU,  S.  533. 
^  ZtKhr.f.  BloL.  MuiuAmt,  1869,  Bd.  v.  S.  479. 

*  Areli.  ital,  de  bitd.^  Turin,  1887,  tome  viii,  p,  177, 
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the  two  chief  meals  were  at  11  p.m.  and  6  a.m.  Notwithstanding  the 
inversion  of  daily  routine,  Mosso  found  that  the  morning  rise  still  took 
place  about  the  same  time,  and,  as  the  following  curves  (Fig.  80)  will 
show,  the  daily  variation  was  not  inverted,  although  the  sleep  during 
the  day  caused  a  fall,  and  getting  up  in  the  evening  a  marked  rise,  in 
temperature.  The  effect  of  the  experiment  was  to  disturb  the  r^ularity 
of  the  daily  variation,  but  on  the  fourth  day  the  influence  of  the  sleep 
during  the  day  was  most  marked,  a  fact  which  seems  to  indicate  that, 
if  the  habit  were  long  continued,  a  tendency  to  inversion  would  l)e 
observed  in  the  daily  variation  of  temperature. 
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Fig.  80. — Daily  variations  iu  teni]>erature  observed  (hiring  U.  Mosso's  cx|>eriiuents. 

Bueli.ser,^  an  (?iigiiieer,  who  was  accustomed  to  sleep  during  the  day 
and  work  at  iiit^ht,  found  that  his  averaj^^e  morning  temperature  was 
.")7°  25,  wliilr  liis  evening  teni])erature  was  :>G  '8. 

There  are  seeondary  causes  of  the  daily  variation.  The  i)eriod8  of 
high  and  low  bodily  temperature  more  or  less  corres])ond  with  the  tinier 
of  day  \\\wu  tlie  external  temperature  is  high  and  low  resj)ectively. 
Further,  tliere  ap])ears  to  be  a  certain  periodicity,  the  result  of  long-con- 
tinued habits  of  life,  stam])ed  upon  the  ])rocesses  which  regulate  teni- 
])erature.  This  is  shown  by  the  fact  that  the  daily  variation  still 
jKU'sists,  altlioiigb  it  may  1)6  slightly  modified,  during  a  period  of  fasting 
or  niglit-watcbing,-  and  a  similar  daily  variation  is  observed  in  the 
respiration   and   jnilse,"  in   the  discharge  of  uiva,*  and  in  the  caj)acity 

^  gn(»t-<l  IVuni  Ciitr,  Jo'irn.  Xrrr.  (j,i<l  Mrut.  Jhs.,  X.Y.,  1M»0.  vol.  xvii.  j».  7S'k 

*  .Iiir_viis('n,  "  I)i(*  KuijM'rwiUiiic  il<*s  gt^suu'lL'Ti  Mciisclien,"  Loip/.ii^,  ISTiJ;  O^le,  >''. 
(rrf),y-'.->  //usp.  /''7>. .  I.oii'lon,  l^OH,  vol.  i.  p.  2JS ;  CYoinMo,  Inrfinn  Ann.  Mfd.  Sr., 
Cili-utla.  l>7;i,  vol.  xvi.  p.  f)!*?  ;  Li»'l»'rnieist«r,  "  IlaiidhiU'li  »!.  Path.  u.  Thvrap.  fh-.- 
l-irhi.." 

"'  Li.ht.'iifrN  and  Frohlic.h.  Driikurhrlft^n  d.  h.  Ahvl.  tl.  jriasmsrh.  Wicn,  lSr»2,  B<i.  iii. 
Altth.  2,  S.  113:  Nmhau^s,  I'irchon-'s  Archiv.  ISIKJ,  Hd.  cxxxiv.  S.  36r>.  St-c  aKo  thi> 
aiticl"'.  j>.  M.i:  Hos.inqurt,  Lawrf^  London,  hSl^.'i,  vol.  i.  j».  672;  l)aniro8cb,  DeuU>rh'S 
Airh.  f.  hl'n}.  Mnl.,  Lfipzius  ISoii.  S.  312:  .h»us>et.  Arch,  tfr  mnl.  var.^  Paris,  18S3,  toni.- 
xl.  j»i».  2^1-.'>  ;  ('iio>-it,  M'tii.  Arail.  tl.  f^r.  dc  Clnsi.  dc  Fnincr,  Pans,  1843,  tome  viii.  p.  ^.40. 

^  Wci-.'lin,  Arrh.  f.  Annf.,  rh)j.<io/.  n.  uisscusch.  Med.,  Leipzig,  1868,  S.  207. 
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for  muscular  work.^  Daily  variations  in  the  output  of  carbon  dioxide 
and  in  the  intake  of  oxygeu  have  been  observed  by  Prout,  Pettenkofer 
and  Voit,  Frederit^q,^  and  otben^ ;  these  variations  in  meUiboli.Hni  more 
or  less  correspond  witli  those  observed  in  the  tetni>erature,  and  will  be 
found  discus^jed  more  fidly  in  another  part  of  this  work.^ 

Best  in  l»ed  throiigliout  the  day  does  nut  abolish  the  daily  variation; 
it  is  still  present,  althouj^b  nupditied,  in  cases  of  disease,  attended  or 
UQattended  by  fever;  iht;  niorninj^  risu  still  takes  place  evijn  when  light 
is  excluded  (Ogle). 

In  animals,  daily  variations  in  temperature  have  also  i*een  observeil, 
but  upon  i\m  point  there  are  few  exact  observations  taken  throughout 
the  day  and  night.  Strecker,^  from  c>liservation«  upon  150  horses,  found 
the  average  temperature  lictween  G.oO  A.M.  and  8  A.M.  to  be  Zl"*'^,  that 
tetween  5  p.m.  and  b.oO  P.M.  to  be  37 "9^^ ;  but  the  nnnimimi  was  :>7''2 
aud  the  maxinumi  38  "G.  In  the  case  of  oxen,  Pobertson  *•  found  the 
average  morning  teniperatLtre  ^H"*"?,  the  evening  temiterature  M8''9  ;  in 
the  cat  the  miniujuni  is  :)7  "8  at  7  A.M.  and  the  niaximiini  M9  "08  at 
10  P.M.  (Bitider  and  Schnudt).^  Hunter  BtatL*B  that  tlic  temperature  of 
an  ass  was  Q'^'S  higher  in  the  evening  than  in  the  morning.  According 
to  the  observations  of  SiedamgrotzkyJ  the  loaximal  daily  teniperatin'e  in 
horses  was  .*i8'^:i  at  (i  KM.,  the  niininmm  WJ  \}  at  4  A.M.;  in  a  eow  tlie 
maximum  was  39"*1  at  5  p.m.,  ami  the  minimum  38' 7  at  nddnigbt. 
Corin  and  Van  l>eneden**  have  observed  the  ilaily  variatitm  in  pigeons,''* 
and  find  that  tlie  inininnnu  is  at  4  A.M.;  tliat  from  this  time  to  8  a,.^i. 
there  is  a  rise,  then  a  fall  tn  noon,  followed  by  a  rise  to  the  maximum 
at  4  p.m.;  the  daily  variali* mi  amounts  to  T'2,  In  the  case  of  horses, 
Hobday  ^'^  finds  that  tlie  rectal  temjierature  at  )0  A,M.  is  :i7''6,  and  37''"9 
at  5  P.M. ;  in  the  case  of  the  rahbit,  rat,  and  dog,  Carter  ^^  has  shown  that 
there  is  a  tlislinet  rhytlim  of  temjH'ratnre,  the  ma.xinnnn  occurring  in 
the  evening  (7-11  p.m.)  uml  the  mininium  in  the  morning  (7-11  A.M). 

We  may  conclude  that  the  daily  variation  \\\  temiH,*rature  is  one  of 
the  features  of  a  corresi>t aiding  variation  in  tlje  activity  «»f  the  tissues  of 
the  body,  as  shuwn  liy  the  rate  of  the  contractinn  t^  the  lieart,  the 
frequency  of  resyiirati«>n.  the  intake  «d  oxygen,  tlie  output  ^yi  (^arbon 
<iioxide»  the  disciiiirge  of  urea,  and  the  eapacity  f<u  mnsculnr  work. 

Til©  influence  of  age.  "The  temperature  of  newly-hoin  infants  and 
animals  is  generally  equal  to,  or  even  slightly  higher  than,  that  of  their 
parents,  but  it  is  much  less  stable,  and  is  liable  to  much  greater  varia- 
tions. 

Edwards'-  found  thai  the  temperutHie  nf  newly-born  pu]rs,  kittens, 
and  rabbits  fell  when  they  were  rennned  from  their  warm  snrrtiundings, 
and  ec»ntinued  to  fall  until  it  reuehed  a  ]M>int  a  b'w  degrecB  above  the 

'  Patri/i,  Arrh.  if^L  d^  hi*)!.,  Tiinii,  1S92.  tomt- xvii.  ji,  134, 

MVotit,  Ann,  I'hiL,  LoiidoD,  ISU,  vol.  ji.  p.  3:!0  ;  vol.  iv.  p.  :KH  ;  Petteiiknfer  anrl 
^' oil,  Ztxhr.  /.  Jiwi.,  MtiiiHieu,  1800,  lid.  il.  S,  laH  ;  FrLHlirin|.  Arrh.  ffe  biol.,  Haiid, 
ISS2,  tome  iii.  \k  12iK 

'  '*  Chemistry  of  Ee^pirati.jK,"  thU  Text-hook,  vol.  i  p.  7"il. 

•  Ellenberger,  *' Vcrglfif  In  iido  PhysiolDgiedcr  Hau.HsauRetlniio"  18i>2,  Hd,  ii.Tli.  '2,  H.  81. 

•  Vderiaitj-^f  Jmn-n. ,  Lnmloii^  18S.^^  vol.  xx.  {*.  Jill. 

•  "Die  VerdauiiiJ^seanp  tind  dw  St->flVe<  h.-**?!/'  LdpziK.  185-2,  is.  34S. 
^  lkui$eh€  Ztschr. /,  Thkrmrd.,  I^'ip/ig,  lS7r»,  Ud.  i.  S.  8T- 

•  Arch,  th  hud.,  fJaiid,  18S7,  trmKi  vii.  f,  265. 

•  See  also  Chaj»sat,  Man,  AcmL  tl,  jtx*.  tir  finst.  fk  Fraurr,  raris,  1843,  tome  viii.  \k  640. 
^*  Jaurn.  Comp.  Path.  andTherap.,  I']4liid>urgli  and  Lnudim.  1ISI>6,  vol.  ix.  ji.  286, 

^^  Jcum.  iVeri\  and  McnL  JJiit.,  N.Y.»  IS'JO,  vol.  xvii,  p.  782. 
*'  "!)€  riDftiience  dt«  ag<Mi»  pliy.siqucii  stir  la  vie,"  Vmia,  18'24. 
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temperature  of  the  air.  Newly-born  guinea-pigs,  however,  were  able 
to  maintain  their  temperature,  provided  that  the  exposure  to  cold  was 
not  very  great.  Edwards  therefore  divided  the  young  warm-blooded 
animals  into  two  classes,  the  warm-blooded  and  the  cold-blooded.  In 
the  former  class  the  young  animals  are  at  birth  blind,  helpless,  in  some 
cases  naked,  and  cannot  maintain  their  temperature.  The  members  of 
the  latter  class  are  even  at  birth  in  a  condition  of  great  development ; 
their  eyes  are  open,  they  are  active,  and  maintain  a  fairly  constant 
temperature.  It  was  also  found  that  young  birds  could  be  classified 
in  a  similar  manner.  As  the  animal  gi^ows,  the  fall  in  temperature  on 
exposure  becomes  less  and  less,  and  about  the  fifteenth  day  after  birth 
a  fairly  constant  temperature  can  be  maintained. 

Edwards  showed  by  comparative  experiments  that  the  fall  in  tem- 
perature on  the  exposure  of  newly-born  animals  was  not  due  to  the 
greater  cutaneous  surface,  in  proportion  to  the  mass  of  the  body,  as  com- 
pared with  the  ratio  in  adults.  The  absence  or  presence  of  feathers  or 
fur  was  only  of  secondary  import,  for  an  adult  sparrow  was  able  to 
maintain  its  temperature  even  after  all  its  feathei-s  had  been  plucked 
out. 

Kaudnitz^  in  1888  discussed  very  fully  the  temperature  of  infants. 
He  made  observations  upon  the  variations  of  temperature  in  infants  at 
birth  and  during  the  first  few  days  after  birth.  The  influence  of  the 
large  cutaneous  surface  in  relation  to  the  mass  of  the  body,  and  the  loss 
of  heat  from  the  skin,  were  shown  by  experiment  to  be  only  secondary 
causes  of  the  irregular  temperature.  Observations  made  upon  the  etiect 
of  affusions  of  cold  water  showed  that  the  rectal  temperature  in  infants 
a  day  or  two  old  rose  in  the  case  of  strong  subjects,  but  remained 
stationary  or  fell  in  the  case  of  the  weak.  Raudnitz  concludes  that 
the  imperfect  development  of  the  power  of  regulating  temperature  is 
the  chief  cause  of  the  variable  temperature  in  infants ;  and  it  has  been 
shown  by  the  writer  ^  that  this  is  also  the  cause  in  the  case  of  young 
ininuiture  animals. 

Before  birth  the  temperature  of  the  infant  is  slightly  higher  than 
that  of  tlic  mother's  uterus;-^  at  birth  tlie  average  rectal  temi^erature 
is  37  '5  (99-5).  Soon  after  birth,  especially  after  the  first  bath,  the 
tenii)erature  falls  to  about  36'-75  (08''-15),  and  during  the  next  week  or 
two  rises  somewhat,  and  remains  fairly  constant  l)etween  37'''25  (99''05) 
and  ^M  "0  (99*68).  These  figures  are  to  be  looked  upon  only  as  average 
results,  for  all  observers  a])i)ear  to  agree  tliat  the  daily  fluctuations  of 
temperature  are  greater  and  more  uncertain  in  children  than  in  adults."' 

1  Ztsrhr.  f.  Bi(tJ.,  Mnnchcn,  1888.  Hd.  xxiv.  S.  423.  At  the  end  of  this  paper  is  a  very 
coniplctf  li.st  of  jiapt'is  Itcarin*];  upon  the  .subject. 

-  Pemljivy,  Joiirn.  P/i»fsioL,  Cainbrid^'e  and  London,  181*5,  voL  xviii.  p.  363. 

^  Wiirster,  Brrl.  kiin.  li'rhnschr.,  186i^,  Nr.  37  ;  Ah'xcell",  Arch.  f.  Giniwk.,  H*  rlin. 
Hd.  X.  S.  lU;  Feliliiij:,  ihi<L,  Bd.  vii.  S.  14t)  ;  Pieyer,  "  Sj>ecielle  Physiulogi«:  de^ 
Kni])rvo.-'  Leipzig',  is^'i,  S.  3f>2. 

^  liarenspriing,  Arch.  f.  AnaL,  Physiol,  v.  irisarv.'^ch.  Moi,  1851,  S.  138;  Finl.iv>..n, 
"On  the  Normal  Tenii)erature  of  (,'liildren,"  Glosi/oir  MrJ.  Journ.,  1869,  p.  186  ;  Squire, 
Trans.  Obsf.  Soc.  Lomlon,  vol.  x.  ]>.  274;  Kaudnitz,  Zts'-}ir.  f.  Biol.,  Miinchen.  >'^8, 
Bd.  xxiv.  S.  42:1;  here  other  references  will  he  found;  .luricensen,  "Die  Kori>er«.irme 
des  gcsunden  Menschen,"  1873,  S.  41»  ;  Davy,  "  Ke.searehes,"  London,  1839,  vol.  i.  p.  ir'6  ; 
Cronihie,  Indian  Ann.  Med.  Sc,  Cahuitta,  1873.  vol.  xvi.  j).  r>94  ;  Mignot,  These  de  Pans, 
1851  ;  Wurster,  Bcrl.  klin.  Jrchn.schr.,  1869,  Bd.  vi.  S.  37  ;  Andral,  Coinpt.  rend.  A'-ad. 
d.  sc,  Paris,  1870,  p.  815  ;  Koyer,  Arch.  g^n.  de  lut'd.,  Paris,  Ser.  4,  tome  v.  p.  273  :  "  De 
la  temperature  chez  les  enfants,"  I'aris,  1844  ;  Lei)ine,  G<iz.  vitd.  de  Paiis,  1870  ;  Fehling. 
Arch./.  Gyncvk.,  Berlin,  1874,  Bd.  vi.  S.  385. 
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The  average  temperature  falls  one-  or  two-tenths  from  infancy  to 
puberty,  and  about  the  same  amount  from  puberty  to  middle  age ;  after 
that  stage  is  reached  the  temperature  rises,  and  about  the  eightieth 
year  is  almost  as  high  as  in  infancy.^  According  to  Ringer  and  Stuart,^ 
the  average  daily  maximum  in  persons  under  25  years  is  37°*2  (99*),  in 
those  over  40  years,  ST***!  (98*-8). 

As  regards  the  temperature  in  old  age,  all  observers  seem  to  agree 
that  it  is  equal  to  or  slightly  al)Ove  that  of  adults.  Davy  -'  found  the 
mean  temperature  of  eight  healthy  old  persons,  with  an  average  age  of 
88,  to  be  36°-9  (98°-45)  in  the  mouth.  Charcot*  states,  as  tlie  result 
of  numerous  determinations,  that  the  rectal  temperature  in  the  aged 
is  37^*2  to  37° '5,  and  is  rarely  higher  or  lower  than  in  the  adult ;  but 
the  temperature  in  the  well-closed  axilla  is  often  two  or  three  degrees 
below  that  in  the  rectum,  on  account  of  the  small  and  feeble  circulation 
in  the  skin  of  the  aged.  Mossd  and  Ducamp^  have  compared  the 
temperature  of  the  axilla  and  rectum  of  aged  people,  and  have  obtained 
the  following  results;  each  figure  represents  the  mean  of  twelve  or 
fifteen  observations : — 


A^e. 

MORMXO  Tp 

MI'ERATURE. 

EvEXiNo  Temperature. 

Axilla. 

Rectum. 

Axilla. 

Keotuin. 

75 

36°-40 

30^-83 

36^-58 

37'-04 

76 

36'-48 

37  -GG 

36^-41 

36^-86 

80 

36'-08 

3G  -46 

36-40 

36^-94 

The  results  obtained  by  Itoger  ®  upon  seven  healtliy  people,  whose 
ages  ranged  between  72  and  95  years,  are,  for  the  mean  temperature, 
36**-68  and  36°-2:^» ;  for  the  minimum  3G°  and  35°r),  for  the  maximum 
37°*10  and  .'m^^,  in  tbe  axilla  and  mouth  respectively. 

In  the  case  of  young  .'inimals  born  in  an  advancxnl  condition  of  develop- 
ment, the  temperature  is  generally  lii;.^'her  than  that  of  the  parents.  Thus 
foals  and  calves,  several  hours  after  l)irth,  have  a  teni])erature  0*5  to  V  above 
that  of  their  mothers.  The  avera^^e  temperature  of  foals  for  the  first  five 
days  is  39'''3,  and  then  gradually  falls,  as  shown  by  the  table  on  p.  80G,  which 
represents  the  results  of  six  liundred  observations  made  by  Fnhringer '  upon 
one  hundred  horses. 

Similar  results   as  regards    the    effect  of    age  in  horses  were  obUiined  by 
Siedamgrotzky,'^  and  in  the  case  of  cows  and  sheep  bv  Hobday.** 

^  Wnnderlicb,  "Modical  Thermonietry "  ;  IJareiispruDg,  Arch.  f.  Anat.,  Physiol,  n. 
Hvensch.  Med.,  1851,  S.  14 S. 

^  Proc.  Jioy.  Sor.  London,  1877,  vol.  xxvi.  ]>.  194. 

*  Phil.  Trims.,  London,  1844,  })t.  1,  ]>.  5l»  ;  "Hcscarclics,"  Lo]i<lon,  1S31>,  vol.  iii. 
p.  4. 

*  Gaz.  hehd.  de  mid.,  I'aris,  1S09,  tome  vi.  p.  324. 

*  Gaz.  hehd.  d.  sc.  vied.  d<'  Montpellier,  188rj. 

•^  Arch.  g^n.  dc  mid.,  Paris,  Sor.  4,  tonu,'  v.  ]>.  273. 

'  EllenbergtT,  "  Vurgleit-liende  Pliysiologie  di*r  Ilaiissaiii^'etliiorc,"  lsO'2,  lid.  ii.  Th.  2, 
S.  81. 

^  Deutsche  Zti^chr.  f.  Thininrd..  L«.'ij)/.i\',  187w,  Bd.  i.  S.  87. 

^  Journ.  Comp.  Path,  and  Therap.,  Kdinbiirfjli  and  London,  1800,  P,<1.  ix.  p.  280. 


8o6 


ANIMAL  HEAT. 


Age. 

In  the  Stables. 

Age. 

In  the  Fields. 

4-6  years 
6-8    „ 
8-18,, 

88'' -05 
37"-92 

4-6  years 
6-12,, 
12-18  „ 

37"'-24-87'-49 

37**-48 

The  influence  of  muscular  work.— During  muscular  work  there  is 
an  increased  production  of  heat,  and  were  it  not  for  the  compensation 
brought  about  by  the  increased  loss  of  heat  the  temperature  of  the  body 
would  rise  considerably.  The  effect,'therefore,  of  muscular  work  upon  the 
mean  temperature  varies  according  to  the  perfection  of  the  compensation. 
Jiirgensen  ^  found  that  the  work  involved  in  sawing  wood  for  six  hours 
raised  the  temperature  of  a  healthy  man  l''^  above  the  normal,  but 
as  soon  as  the  work  was  finished  the  temperature  fell  rapidly.  Davy  - 
made  numerous  observations  upon  the  effect  of  active  exercise  on  his 
own  temperature.  The  highest  readings  of  the  thermometer  mider  the 
tongue  were  ST'-^  (99°"5)  and  37°*8  (100°);  some  previous  observations 
upon  the  temperature  of  men  after  walking  two  or  three  hours  showed 
a  rise  of  8°  in  the  temperature  of  the  urine,  but  no  change  in  that 
taken  in  the  mouth ;  after  a  rest  the  temperature  rapidly  fell  to  the 
normal.  Alpine  climbing,  even  on  cold  days,  was  found  by  Cliflbrd 
Allbutt  ^  to  raise  the  temperature  of  the  mouth  about  half  a  degree ; 
the  same  form  of  exercise  was  taken  by  Liebermeister  and  Hoffinann,* 
who  observed  the  temperature  in  the  axilla  during  both  the  ascent  and 
descent ;  the  cliief  results  were  as  follows  : — 

Liebeniieister's  temperature,  36°*82  before  ascent  and  37^'8r»  niaxiniuin  during  ascent. 

Hoffmann's  ,,  36' -nO      ,,  ,,         ,,    37 ''95  ,,  ,,  „ 

Liebeimeister's  ,,  36 ''60      ,,      descent  ,,37^*60  .,  ,,      descent. 

Hoffmann's  ,,  36  "40      ,,  ,,         ,,    37  -25  ,,  ,.  ,, 

Results  directly  oj)posed  to  tlio  above  have  boon  obtained  by  Lortet,'* 
whose  observations  were  made  on  level  ground  and  during  two  ascents  of 
Mont  Blanc  (4810  metres  high)  in  August  1HG9.  On  level  ground  Lortet 
found  that,  when  he  was  at  rest,  the  temperature  of  his  mouth  was  36  '4, 
i)ut  36' '2  during  bodily  exercise.  During  the  ascents  of  Mont  Blanc  the 
temperature  fell  ])rogressively  and  even  reached  as  low  a  point  as  31°*8,  but 
after  a  few  minutes'  rest  it  rapidly  reached  the  normal.  Lortet  explained 
these  results  by  saying  that  during  work  the  (themical  forces  which  would 
have  sufficed  in  the  rarefied  atmosj)here  to  maintain  the  normal  tem|>erature 
of  the  body,  were  partly  resolved  in  mf»tion,  and  therefore  the  temperature 
fell.  These  results  have  been  criticised  by  Clifford  Allbutt  and  Liebermeister, 
and  there  can  be  little  doubt  but  that  the  low  temj)eratures  observed  were 
due  to  the  cooling  of  the  thermometer  in  the  mouth  by  the  laboured  breathing 
of  the  cold  air,  which  was  sometimes  several  degrees  below  zero.    This  criticism  '^ 

^  "  I)i«'  K(*rper\viirnie  ties  ^'esimden  Mcnsclien,"  Leipzig,  1873,  S.  43-16. 

-  rhi/.  Travs.,  London,  1841.  i>t.  1,  p.  62  ;  1845,  pt.  2,  p.  322  ;  1850,  p.  440. 

'■'  Jnnni.  Anat.  atid  PhiisiaL,  London,  1872.  vol.  vii.  j).  106. 

**  Lieliermeister,  "Handhuch  der  Path.  u.  Thr'ra[).  des  Fiebers,"  1875,  S.  84. 

''  Compf.  rrvd.  A.-ad.  d.  ,sr.,  Paris,  1869    p.  709. 

^'  These  sources  of  error  have  been  shown  to  exist,  for  Arkle  (experiments  made  at  tlie 
recpiest  of  the  writer,  and  the  results  of  which  will  be  published  later),  during  mountain 
elinibini,'  in  tli«'  suninier  of  1897,  found  a  constant  rise  of  two  or  three  degrees  in  the 
rectal  tt-nipciaturr-,  but  the  mouth  gave  a  low  temperature.  In  fact,  it  was  impossible  to 
obtain  accurate  results  by  i)lacing  the  thermometer  in  the  mouth. 
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is  further  sopported  by  the  fiict  that  Lortet  found  a  few  minutes'  rest  aufficietit 
to  raise  the  tejui>erature  to  the  in>rmaL 

Man^et/  shartly  before  L<>rt«^i"s  observations,  foiirMl  tlmt  (hiring  au  ascent  of 
some  of  the  Mont  lilanc  ehain  of  monntains  the  t^^niperatiire  of  hin  nioutli  fell. 
This  result  was  contewttnl  by  Veriiet,  who  liad  Lleterniincd  tlie  rental  tempera- 
ture under  similar  ciroinnstances,  and,  as  the  re.^ult  of  the  (x>ntr«>verMy,  Ahircet 
and  Vernet-  in  1888  a.m-ended  together  one  of  the  lu^'hfst  puitits  of  the  J  vim. 
They  found  that  there  was  a  distinct  rise  in  tht*  rectal  t<'iii|jeratnre.  Marcet, 
however,  does  not  hiok  upon  thi.**  result  as  conclusive ;  he  attempts  to  explain 
the  rise  of  temjierature  as  due  to  congestion  of  the  Ineniorrhoiihd  vessels.  It 
must  be  pointed  out,  however,  that  the  increased  circulation  due  to  exercise 
would  probably  not  cause  congestion,  and,  whether  it  did  or  not,  the  rise  in 
the  temperature  of  the  rectum  indicates  a  rise  in  the  temperature  of  the 
internal  parts  of  the  body.  Further,  Marcet  liim^elf  shows  that  cooling  the 
mider  surface  xA  the  ehhi  causes  a  fall  in  the  temperature  (if  the  mouth,  and 
this  was  probahly  the  i^use  of  the  low  readings  observed  in  his  tirst  ascents. 

Obernier"  found  that  n  walk  for  tbirty-Hv(.^  iniiiutt^s,  wlit'ii  the 
external  lein]>eralui"e  was  11  U,  rained  the  rectal  tein}*t'ruture  from  :iT' 
to  3S\  A  walk  ui  Hve  miles  ntlfseil  the  toiujjeiature  of  (Ji^deV  niuulh 
from  37'  to  37  '45.^     Simihu"  results  have  heen  obtained  by  either^.'' 

Similar  results  to  t!ie  uhove  have  been  obtained  upon  animals.  Thii 
temperature  of  a  ihjg  during  the  first  hour  of  work  upon  a  treadniill  was 
raised  l"***^,  but  ulthouj^rh  the  work  was  continued  the  temperature  (luiekly 
fell  (U.  ^lijsso).^  In  tlie  ease  lA  tw(>  stallions  three  years  old,  Liska'^  tnund 
the  tem]>erature  before  wiuk  117 '"8  and  o8'"U  respe<-'tively ;  after 
fifteen  minutea*  work,  30  'o  and  39';  and  again,  after  twenty minntes' 
rest,  37'7  and  38^  Siedamo;rotzky^  fouml  that  exereise  raised  the 
temperature  of  horses  by  an  annaint  %7irying:  from  0  *3  to  F,  while 
Hobday^  found  in  the  ease  of  healthy  onniihus  Jiorses  tliat  the  rectal 
temperature  was  generally  raineil  2'  nr  naire  by  hard  work,  and  in  slieep 
and  ]jigs  the  exertion  <jt'  lunnin^^  caused  a  similar  rise  in  tenijjeratme. 

Further  details  of  the  |>ri>duction  of  ia-at  in  anisrle  will  be  given 
later. 

In  the  case  of  injects  the  elfcct  of  lanscular  activity  is  very  marke(L 
Thus  Newport'^  fnund  the  teuijierahire  of  thf  ahdoim  n  nf  a  ver}^  active  Inunhle- 
bee  {Bomhii^  fprresifrin)  t«>  be  *1*S\  when  tlic  air  was  il>  "3  ;  fourtif  these  active 
bees  placcil  in  a  glass  hot  tie   ridsud  the  tciniKTature  of  the  air  from  1D"*3  to 

The  influence  of  mental  work.— Mental  activity  is  said  to  have  an 
effect  both  iiiniu  the  giuioral  temperature  nf  the  body  and  tipai  the  hu'al 
temperature  of  the  lirain  aiirl   h+M(L     Thus   Davy  *^  to  and   that   mental 

*  Arch.  d»  fit,  phys.  ri  naL,  (ieii*  ve.  tuinf  xvxvi.  p.  *247. 

^Marcet,  Croon iaa  l.tt^tures,  Brii.  Mtd.  Joum.,  LonOon,  1S95,  voh  i*  [k  l'i67. 
'  "D(!r  HitzHPliUg,"  Hu[iii.  isdj,  H.  SO. 

*  St,  Oeorffj^'n  limp,  lirp.,  L^adon,  l^tj'f,  vol*  i.  ]>.  232. 

*  Crornbk^  Indian  Ann.  Mrrl.  Sc,  Culratta,  IS73,  vol  xvi.  |i.  r»7*J  \  Rugt^r,  '*  Re- 
cheR'hes  (ilitiiqu^K  snr  l*'s  mal^rlicH  do  I'liaiOHr/'  toaie  i.  ]k  'I'll  \  »S|jfek,  Arch,  d,  Vcr,  f, 
^meivMh.  Arb.  z.  FfmL  d.  ictsseiM-fi.  //c/V/,,  (iottiaji^eti  lstJ2,  lid.  vi.  S,  liJl-:52-l  ;  Caay 
Bouvien  Arch./,  d,  tfcs.  Phij^uJ.,  P*uiin,  1S()9,  Hfh  ii.  S,  ,iSU, 

*  KUeiilicrgcr,  '*  Vcrgl  iL'ii(.'iide  Pliyaiolo^qf,  det  H;aissdagcthieie,"  189:^,  Bd.  ii,  Tli.  2, 
S.  S7. 

^  Deittache  Zischi\/,  Thifrmrd.,  Lt-\\*£\'4,  1S75,  PxK  i.  S.  87. 

*  Joum.  Camp,  I'ath.  and  Tfunip.,  Kdiu.  and  Loadoaj  li^(>0,  vul.  Ix.  p.  2SiJ, 

*  Phii,  Trans.,  London    13^17.  il.  2,  [k  2'i\\ 
^^  Ibid.,  1845,  pt  2,  p.  319  ;  li)50,  p.  WX 
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TV  tid  in  the  tropics  raised  his  temjierature  0''*27  and 

l*"'!  respectively,  i.  id  an  increase  varying  from  O""'!  to  0^*7  has  been 
observed  after  sin  ilar  exertion  bj  Speck/  limnpf,'^  and  Gley  ^ ;  the 
temperature  wa^  aken  in  the  rectum,  axilla,  or  mouth.  Clifford 
n  a  long  series  of  observations,  found  that  mental 
ipon  the  temperature. 

*a  that  in  the  case  of  a  man  whose  skull  had  been 
ight  temporo-occipital  region,  a  thermoniet^r  placed 
ho  wed  a  rise  of  two -tenths  of  a  degree  during  mental 


Allbutt,*  lioweve 
work  had  no  ef 
Cavazzani  ^ 
trephined  over 
in  the  dura  muh^ 
activity.      A,  Moi 


3^  maintains  that  intense  psychical  proceases  may 


cause  80  much  heBv  to  be  set  free  in  the  limui  that  its  temperature  may 
remain  for  some  time  0^-2  to  O^'-S  above  the  temj>erature  of  the  rectnnL 
In  a  curarised  dog  the  action  of  cocaine  may  produce  a  rise  of  as  much 
as  4°  in  the  temperature  of  the  brain  (37''  to  41'').  In  man,  Lombard^ 
found  that  mental  activity  causetl  a  slight  rise  in  the  tempemtui^e  of  the 
head,  especially  in  the  occipital  region. 

It  is  probable,  however,  that  this  k^cal  rise  of  temperature  is  not  due, 
as  Mosso  believes,  to  very  active  combustion  in  the  ganglion  cells,  but  to 
vascular  changes  consequent  u]x>n  the  mental  activity.  Hill  and 
Nabarro,^  have  shown  that  the  blood  from  the  venous  sinuses  of  the 
skull  is  less  venous  hi  colour  than  that  of  the  femoral  vein,  that  the 
metabolism  of  the  brain  is  very  low,  and  that  it  is  scarcely  increased 
during  an  e]:>iieptic  fit.  The  average  ditferences  between  the  gases 
in  sampler  of  bhxid  from  the  carotid  artery  and  from  the  torcnlar 
Herophili  of  dogs  were  as  follows : — 


Normal. 

Toinc  Fit. 

CLonc  Fto. 

Art. 

Tore. 

Diff. 

Art. 

Tore. 

Diff. 

Art 

T6rc 

Diff. 

1  Carbon  dioxide 
Oxygen     . 

40-86 
16-81 

44-74 
13-39 

+  3-87 
-3-42 

44-98 
15-17 

49*04 
10-22 

+  4  06 
-4-95 

30-59 
15-77 

88*58 
11-46 

+  2*99 
-4-31 

It  is  probable,  therefore,  that  the  temperature  of  the  brain  is  not 
perceptibly  greater  than  that  of  the  blood.  The  cerebral  circulation 
changes  passively  with  every  alteration  of  the  general  arterial  or  venous 
blood  pressure,®  and  this  is  apparently  the  explanation  of  Lombard  and 
Mosso's  results.  Moreover,  the  experiments  of  Helmholtz,^®  Heiden- 
liain,^^  and  Rolleston  ^^  have  failed  to  demonstrate  the  formation  of  heat 
in  nerve. 


^  Arch.  f.  cxper.  Path.  u.  Pharmakol.y  Leijizig,  1882,  Bd.  xv. 

2  Arch.f.  d.  qcs.  Fhifsioh,  Bonn,  1884,  Bd.  xxxiii.  S.  601. 

3  Compt.  reiid.  Soc.  de  biol.,  Paris,  1884,  p.  265. 
■*  Note  communicate*!  to  the  writer. 

5  Arch.  ital.  de  bioL,  Turin,  1893,  tome  xviii.  p.  328. 

^  Proc.    Roy.    Soc.    London,    1892,   vol.   li.    p.   83;    "Die  Temperature  des  Gehima," 
Leipzig.  1894. 

'  Arch,  de  physiol.  norm,  et  path.,  Paris,  1868,  tome  i.  p.  670. 

^  Jour 71.  Physiol,  f  Cambridge  and  London,  1895,  vol.  xviii.  p.  218. 

»  Roy  and  Sherrington,  ibid.,  1890,  vol.  xi.  p.  85  ;  Hill,  ibid.,  1895,  vol.  xviii.  p.  15. 
^°  Arch.  f.  Anat.,  Physiol,  u.  icissensch.  Med.,  1848,  S.  158. 
"  Sttid.  d.  physiol.  Inst,  zu  Breslau,  Leipzig,  1868,  Bd.  iv.  S.  250. 
^2  Joum.  Physiol.,  Cambridge  and  London,  1890,  vol.  xi.  p.  208. 
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The  influence  of  food.— The  investigations  of  many  observers  ^  show 
that  the  eflfect  of  food  upon  the  temperature  of  the  body  is  to  cause  a  slight 
rise,  or,  in  the  case  of  the  evening  meals,  to  postpone  for  a  short  time 
the  customary  fall  of  temperature  at  that  time.  The  rise  is  often  in- 
appreciable and  rarely  exceeds  half  a  degree;  the  maximal  effect  is 
seen  about  one  hour  and  a  half  after  the  meal.  A  draught  of  cold  water 
(10°)  lowers  the  temperature  about  half  a  degree.- 

In  the  case  of  the  horse  the  effect  of  food  is  to  cause  a  rise  of  0*-2 
to  0''8,  which  persists  for  three  or  four  hours. 

Maurel  ^  states  that  in  the  rabbit  food  is  the  chief  cause  of  the  daily 
variation  in  temperature,  for  if  tlie  animal  be  kept  without  food  during 
the  day  but  be  fed  during  the  night,  the  temperature  shows  a  rise  to  the 
maximum,  not  at  the  usual  time,  in  the  evening,  but  in  the  morning. 
This  is  denied  by  Carter,*  who  observed  an  evening  rise  in  the  tempera- 
ture of  rabbits  which  had  fasted  three  days. 

Bernard  ^  determined  the  temperature  of  the  blood  of  the  j)ortal  and 
hepatic  veins  under  different  comlitions  as  regards  the  nutrition  of  the 
animals,  and  came  to  the  conclusion  that  more  heat  was  ])rc)ducecl  in  the 
Uver  during  digestion.     The  following  are  some  of  his  results : — 


. 

Blood  of  PorUl 
Vein. 

Blood  of  Hepatic 
Vein. 

Blood  of  Right 
Hide  of  Heart. 

Dog — After  fasting  for  four  days 
„        Beginning  of  digestion   . 
„        In  full  digestion     . 

37'-8 

3r-9 

39'-7 

38°-4 

39'-6 

4r-3 

38°-8 
39'' -2 

The  effect  of  stan^ation  upon  the  temperature  of  animals  has  been 
studied  chiefly  by  Chossat,®  and  l^idder  ami  Schmidt."^  The  first  observer 
made  experiments  on  twelve  pigeons,  and  he  found  that  the  rectal 
temperature  gradually  fell  until  a  short  time  before  death  ;  during  the 
period  of  inanition  the  daily  variation  in  temperature  hecanie  more 
marked,  and  towards  the  end  of  life  a  rapid  fall  in  tempeiatuie  occurred. 
The  results  are  shown  in  the  table  on  p.  810. 

On  the  day  of  death  the  temperature  of  the  pigeon  f(*ll  to  26°'2. 
Similar  experiments  on  turtle-doves,  hens,  rooks,  rabbits,  and  guinea- 
pigs  gave  the  following  tem])eratures:— 22'-9,  28^^-2,  :U  •::5,  27'0,  and  2:3°-9 
respectively  on  tlie  day  of  death. 

Bidder  and  Schmidt  experimented  upon  a  cat,  and  found  that  after 

*  Davy,  FhiL  Trans.,  London,  1845,  pt.  2.  p.  319;  ibuf.,  1850,  ]).  444;  Damrosch, 
Deutsche  K/inik,  Berlin,  18.^»3,  S.  317  ;  Jiirgenson,  "  Ki»riM'nvanne  (k-s  f^'csiHKlcu  Mcnschen," 
Leipzig,  187;^,  8.  21;  Dcvtschrs  Arch.  /.  klin.  MaL,  Loipzii:,  1X57,  \\d.  iii.  8.  160; 
Ringer  and  Stuart,  Pror.  limj.  Soc.  London,  1877,  vol.  xxvi.  p.  im  ;  Ogle,  St.  Georges 
Hosp.  Bep.,  London,  18G0,  vol.  i. ;  Cromiiio,  Indi<in  Ann.  McL  Si'.,  Cakiitla,  1873,  vol. 
xvi.  p.  581. 

-  Liel)emri«Mster,  *'  Il.nidhiicli  d.  Path.  ii.  Thcrap.  dcs  FIcIkis,"  Lt-ijtzig,  1875,  S.  1*2:^  ; 
W'underlicli,  "Meilical  Tlicnnoiiietry "  ;  Siedanigrot/ky,  Ikntschi-  /Jschr.  f.  Thicrnicd., 
Leipzig,  1875,  Bd.  i.  S.  87. 

*  Compt.  rend.  Soc.  de  bioL,  Paris,  1><84,  ]..  588. 

*  Jaurn.  Xerv.  and  Mnd.  Dis.,  N.V.,  IsyO,  vol.  xvii.  p.  785. 

*  "  Leoons  sur  la  clialeur  aniniale,"  Paris,  1876. 

^  "Recherciies  ex p<^'rimen tales  sur  I'inanition,"  Paris,  1843,  (juoted  from  Gavarrct, 
"  De  la  chaleur  etc.,"  ]).  '^04. 

'  "Die  Verdauungssiifte  und  der  StofTwechsel,"  Lei]jzig,  1852,  S.  322. 
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355  hours'  hunger  the  rectal  temperature  fell  from  39**'08  to  38**-4 ;  after 
369  hours,  to  38**1 ;  after  393,  to  35'-5 ;  after  415  hours,  to  33'-7 ;  and 
again,  after  426  hours,  to  32'-4,  when  the  animal  died. 


Rbotal  Tempcraturb. 

Daily  Vaeiatioi. 

Midday. 

Midnight 

Normal  ])igeon9        .... 

42"-22                   4r-48 

©••74 

Complete  inanition,  first  period 

42°1 

39°-8 

2" -3 

,,            ,,           second  „ 

4r-9 

38' -7 

3' -2            i 

third      „ 

4r-4                     37''3 
1 

4'''1 

In  the  case  of  the  fasting  man  Tanner,^  no  fall  in  temperature  was 
observed  after  thirty  days'  fast;  the  temperature  of  his  mouth  was 
36°-9  (98'-4)  on  the  twenty-fifth  day,  and  ZT'l  (98'-8)  on  the  thirtieth 
day.  It  is  uncertain  whether  the  fast  was  perfectly  genuine,  for  Tanner 
took  a  certain  amount  of  liquid.  Noyes'-^  recorded  a  temperature  of 
\WA  (94^)  in  the  case  of  a  partly  demented  man,  who  had  taken  no  food 
for  forty-tive  days,  but  it  is  to  1)6  noted  that  the  condition  was  compli- 
cated by  ])aralysis  of  the  lower  limbs. 

The  influence  of  sleep.— The  heat  of  the  ])ody  falls  during  the  night 
and  early  morning,  the  time  of  inactivity  and  rest,  but,  according  to 
Biirensprung  ^  and  Wunderlich,*  sleep  in  itself  has  no  influence  on  the 
temperature.  Crombie,^  on  the  other  hand,  found  that  sleep  during  the 
day  caused  a  fall  in  temperature  of  about  half  a  degree,  but  was 
ra})idly  followed  by  a  rise  after  awaking.  Hunter^  found  that  during 
sleep  the  temperature  fell  about  eight-tenths  of  a  degree.  The  observa- 
tions of  Jiirgensen  and  Liebermeister  "^  show  that  the  temperature  of  a 
man  aslee])  is  not  lower  than  his  temperature  at  a  similar  time  of  day 
when  he  is  awake  and  lying  still.  Inactivity  causes  a  fall  in  temperature, 
and  slee])  is  a  condition  in  which  inactivity  is  most  marked.  Lieber- 
meistcr^  found  that,  by  ctmtracting  the  halat  of  sleeping  each  afteni(K»n 
for  ten  days,  the  mean  tempei-ature  of  his  nxilla  fell  to  about  3G  '5, 
when^as  it  had  previously  been  for  that  time  of  day  'ZT'^.  Observations 
by  U.  Mosso  ^  also  show  that  sleep  during  the  daytime  causes  a  fall  in 
the  lectal  temperature  of  man. 

The  influence  of  sex. — Very  little  difference  in  temperature  can 
be  observed  in  the  two  sexes.^^  Women  may  have  a  slightly  higher 
tempeiature,  but  the  ditl'erence  does  not  exceed  half  a  degree  ;  tlieir 
tempeiature,  however,  a})pears  to  be  more  lial>le  to  variations.     iJavy  ^* 

^  Br\t.  Med.  Journ.,  London,  1880,  vol.  ii.  p.  171.  'Ibid.,  p.  557. 

^  Arch.  f.  Aunt.,  Phtjsio/.  if.  lalssen.sr/t.  Med.,  1851,  S.  163. 

"*  "  Mfiiifid  ThernioHietry,"  p.  109. 

■''  Lv:.  c/t.,  p.  585. 

^  J'hil.  Trdiis.,  London.  1778,  vol.  Ixviii.  pt.  1,  \).  20;  "Works,"  Palmer's  edition, 
Lr>ndoii,  18.37,  vol.  iv.  }>.  144. 

^  Liehernicister,  '*  Handbuch  d.  Path.  u.  Therap.  des  Fiebers,"  1875,  S.  87. 

^  Jbui.,  S.  i<2. 

^  Arch.  ital.  de  bioi.,  Turin,  1887,  tome  viii.  p.  177.     See  also  this  article,  p.  802. 
^^'  Wiin<lerlicb,  "Medical  Thermometry." 
^^  Med.  Times  and  Gaz.,  London,  1864,  vol.  ii.  p.  337. 
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concluded  that  the  temperature  of  women  and  female  animals  was  lower 
than  that  of  the  male,  but  his  observations  were  made  upon  only  three 
or  four  individuals.  Thus  he  states  that  the  temperature  of  three 
healthy  men  varied  between  37°*2  and  37°*5,  that  of  three  women 
between  36°*5  and  SS"*?  ;  in  the  case  of  three  cocks  and  three  hens  the 
results  were  42°*4  and  42°*1  respectively.  Barensprung  ^  found  no 
marked  diflference,  the  average  temperature  of  eighteen  women  l)eing 
37°*25.  As  the  result  of  seventy  or  eighty  observations,  Siedamgrotzky  ^ 
gives  the  temperature  of  stallions,  mares,  and  geldings  as  WT'^,  oS''^, 
and  38°'05  respectively ;  the  average  temperature  of  a  large  number  of 
ducks  was  found  by  Martins^  to  ])e  4r-96  for  the  male,  and  42^*27  for 
the  female.  Singleton  *  determined  the  rectal  temperature  of  fifty  dogs 
and  of  fifty  bitches;  the  average  for  the  former  was  ;^»8  -9,  for  the  latter 
SS*'?.  The  observations  were  made  at  similar  times  of  the  day,  but 
upon  animals  of  different  breeds. 

The  influence  of  raxie — The  natives  of  tropical  countries  appear  to 
have  a  temperature  slightly  higher  than  that  observed  in  the  inlialatants 
of  mild  or  cold  climates,  but  the  difference  is  to  be  as('ri])ed  mainly  to 
the  climate.  Davy,^  from  observations  made  uj)()n  natives  in  the 
Cape  of  Good  Hope,  Isle  of  France,  and  Ceylon,  found  the  temperature 
to  be  about  O^'G  higher  than  the  average  in  temperate  tlimates ; 
Crombie*  made  fifty-two  observations  on  Hindus,  Mohammedans,  an(l 
East  Indians  in  Bengal,  and  found  that  the  average  temperature  from 
10  A,M.  to  10  P.M.  was  between  o7°-2  and  37°'8,  that  from  10  p.m.  to 
10  A.M.  between  36°-7  and  37°"2.  Both  of  these  observers  also  found 
that  the  temperature  of  Europeans  living  in  the  same  district  was  about 
half  a  degree  higher  than  the  average  in  England.  Jousset^  made 
numerous  observations  on  natives  and  Europeans  living  in  tropical 
climates,  and  came  to  the  conclusion  that  the  axillary  temperature  is 
generally  0°*7  to  0°*8  higher  than  that  observed  in  tcnij)erate  climates. 
The  following  figures  show  that  climate,  and  not  race,  is  the  important 
factor: — 


Natives  of  TropicH. 


Hindus 

Cochin -Chinese   . 

Chinese 

Negroes  of  S**negal 
„         Congo 
,,         Antilles 


37 '-sr. 

37'-60 
37"'85 
37°-70 
37'-80 
37'-S0 


Europouiia. 
OHicials  at  CliandernagDiv 


Sailors  at  Senegal 
,,         Antilles 
Soldiers  at     ,, 


;5S  -10 


37^-75 
37-70 
37-75 


Similar  results  to  the  ahove  were  o])tained  hy  Mauiol.^ 
The  temperature  of  natives  in  South  Africa  was  found  Ijy  Livingstone  ^ 
to  be  36°*7,  wlien  the  temperature  of  the  air  in   the  shade  was  ^T'2, 

^  Arch.  f.  yinnf.,  Physiol,  u.  wissotsrh.  Mril..  IS'tl,  S.  155. 
^  Deutsche  Zts^hr. /.  Thiermed.,  Leipzig,  1875,  \U.  i.  S.  87. 
'  EUenberger,    "  Vergleichen'lc    Physiol.   d<'r    Haussangothiero, 
S.  85. 

*  See  J).  790. 

*  "Researches,"  London,  1839,  vol.  i.  p.  UJ9. 

*  Indian  Ann.  Med.  Sc,  Calcutta,  1873,  vol.  xvi.  |>.  591. 
"'  Arch,  de  vied,  nav.,  Paris,  1883,  tome  xl.  ])p.  123,  42(1. 

*  Bull.  Soc.  d'anthrop.  dr  Pan's,  1884,  tome  vii.  i>.  3S0. 

*  "Travels  and  Keseanhrs  in  South  Africa,"  1S57,  p.  509. 
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but  his  own  temperature  was  37°*8,  owing  probably  to  the  difference  in 
clothes.  Thomson  ^  found  the  mean  temperature  of  natives  in  Iceland 
to  be  37°*27,  and  Eijkman^  states  that  the  average  temperature  of 
Europeans  living  in  Batavia  is  37°02,  that  of  the  Malays  36°*93. 

The  influence  of  menstruation  and  pregnancy.' — Normal  men- 
struation and  pregnancy  in  healthy  women  have  no  marked  influence 
upon  the  general  temperature  of  the  body.  During  labour  the  temper- 
ature rises  somewhat  during  the  pains,  but  falls  again  between  the  pains. 
Immediately  after  delivery  a  slight  fall  in  temperature  occurs. 

Individual  peculiarities  in  temperature. — Observations  on  men, 
and  especially  on  animals,  show  that  the  mean  temperature  of  different 
individuals  is  not  the  same,  even  when  the  conditions  are  as  far  as 
possible  eciual.^  The  mean  temperature  in  the  axilla  of  different  men 
may  vary  from  36^*5  (97°-7)  to  37°-25  (99°05).  In  animals  even 
greater  differences  are  found.^ 

The  influence  of  the  temperature  of  the  surroundings. — The 
temperature  of  man  and  other  warm-blooded  animals  is  only  slightly 
influenced  by  the  temperature  of  their  surroundings.  This  fact  is  well 
shown  by  the  records  of  the  temperature  of  men  and  animals  in  the 
tropics  and  Arctic  regions,  where  the  extremes  of  the  temperature  of 
the  air  occur,  in  the  former  +59''C.,  in  the  latter  -55°C.  During  a 
voyage  from  England  to  Ceylon,  Davy^  made  observations  upon  the 
temperatures  of  seven  healthy  men  under  30  years  of  age;  he  found 
that  tlie  average  temperature  under  the  tongue  was  about  36"'9  (98**-4) 
when  the  temperature  of  the  air  was  15°-6  (60*),  and  37**-32  (99**-2) 
when  the  air  was  26° "4  (79°-5).  From  these  and  other  observations,' 
he  conchided  that  the  temperature  of  man  increases  in  passing 
from  a  temperate  into  a  warm  climate,  and  that  the  inhabitants  of 
warm  climates  have  a  slightly  higher  temperature  than  those  of 
mild  climates.  Eeynaud  and  Blosville^  found  the  mean  temperature 
of  eight  men  to  be  37 "08  (100°),  wlien  under  the  torrid  zone, 
tlie  tempcM'ature  of  the  air  varying  from  26°  to  30°  (79**-86**),  and 
37°"  11  (1)0°)  in  the  temperate  zone,  with  an  external  temperature 
varying  from  12°  to  17*  (53°-62'').  The  average  temperature  of  the 
moutli  was  found  by  liattray^  to  be  37°*2r»  (09°)  in  the  tropics,  with  an 
external  teHii)erature  of  25°,  as  compared  with  36°-8  (98°'3),  the  average 
teniixMature  in  Entrland  during  the  summer  lieat  (18°). 

These  and  further  observations,  made  by  Brown-Sequard  and  others,^^ 

'  "  Ucber  Kraiiklieitcn  und  KraiiklKutsverhiiltiiisse  auf  Island,"  Schleswig,  1855,  S.  24. 

-  rircho'c's  Arehiv,  1895,  Bd.  cxl.  S.  125. 

^  Xunierous  references  on  this  sul^ject  will  be  found  in  Wunderlich's  "Medical  Ther- 
mometry," Xc'f.  S)/<1.  StK.  Translation,  \>.  105.  See  also  Biirenspning,  Arch.  f.  Anat.^ 
Physiol.,  If.  iriss'tisch.  Mid.,  1851.  S.  157  ;  Proliyn  Williams  and  Lennard  Cutler,  Lancet^ 
London,  1SH5,  vol.  i.  p.  932  ;  Giles,  Brit.  Mrd.  Journ.,  London,  1891,  vol.  ii.  p.  70.  As 
rcganls  aiiini.ils,  soe  Holxlay,  Vt'tcrin^iry  Jlcc.^  London,  1S9^>,  vol.  viii.  p.  4SS. 

•*  This  article    p.  7.^9. 

5  This  article,  ])    7!»0. 

•'  "Researches."  London,  1839,  vol.  i.  p.  161. 

•  Phil.  Trans.,  London,  1850,  j).  437. 

**  "Animal  Heat,"  article  by  Edwards  in  Todd's  "  Cyelopa'dia,"  vol.  ii.  \).  659. 

•'  Proc.  Poy.  Snc.  London,  1870,  vol.  xviii.  p.  520. 

^"  Bro\vn-S»'-(|uard.  Journ.  de  In  jihysiol.  dc  lliomuif,  Paris,  1859,  tome  ii.  p.  152  :  Gress- 
well,  Brit.  Mf'd.  Journ.,  London,  1884,  vol.  ii.  ]>.  1(54  :  Mante^^azza,  Presse  med.  Ulpe, 
Bruxelles,  1803.  tome  xv.  p.  Ill  ;  Maurel,  Pull.  Soc.  d\inthrop.  de  Paris,  1884,  tome  vii. 
p.  371  ;  .lousset,  Arch,  de  vied,  imv.,  Paris,  1883.  tome  xl.  p.  124  ;  Pinkerton,  Journ. 
Anat.  and  PhysiiJ.,  London,  1881,  vol.  xv.  p.  118;  Kdoux  and  Souleyet,  Coinpt.  rrnd. 
Ar.nd.  d    sr      Paris    1838    tome  vi.  u    45»k 
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show  that  the  eflFect  of  tropical  heat  is  to  raise  the  mean  temperature 
of  the  human  body,  but  the  increase  is  generally  less  than  one  degree. 
Crombie*  found,  as  the  result  of  1288  observations  upon  himself,  that 
the  temperature  of  the  mouth  was  about  0***23  higher  in  Bengal  than  the 
average  in  England,  but  the  difference  was  greater  during  the  first  few 
weeks  of  residence  in  the  hot  climate. 

On  the  other  hand,  some  observers  maintain  that  residence  in  a 
tropical  climate  does  not  raise  the  temperature  of  the  body;  tlius 
Boileau*  states  that  the  normal  axillary  temperature  is  between  o6°'7 
and  37°'2,  Thornley^  and  Furnell*  that  it  is  invariably  the  same  as  in 
England,  36°-9. 

Numerous  careful  observations  recently  made  by  Xeuhauss^  during  a 
voyage  round  the  world,  show  the  effect  of  external  heat  upon  the  daily 
temperature,  pulse,  and  discharge  of  urine.  The  following  are  some  of  the 
results: — 


TiMFntATURB 
OFAUL 

Six  A.M. 

j    Twelve 

1       NOO.H. 

Ten  P.M. 

Six  P.M. 

KEM.\RK8. 

TnfPKRATB 

1 

Zoine. 

Min.    1    lUx. 

ir-6  1  13'-6 

36'-6 

36=^-9 

36^-8 

37'-l     1  Temperature  in  1    j,,.a..  of  twenty 
rectum             ,-       ,i  „.              -^ 
62          '  Pulse                   J        •^^y''- 

55 

55 

56 

TlMPicAL  Zone. 

1 

28''-9  1  26'-6 

36*'-9 

37=-3 

37°-l 

37°'3     1  Temperature  in  1    .,          ^^ 

i       rectum             -  Mean  of  twenty- 

1 

60 

6S 

64 

72         1  Pulse                  J        ^'""^  ^^y«- 

The  influence  of  the  different  seasons  of  the  year — No  marked 
effect  upon  the  heat  of  the  body  can  he  aseribed  to  the  diilerent  seasons 
of  the  year,  apart  from  that  due  to  variations  in  external  teni])erature. 
The  numerous  observations  made  by  Davy^  upon  himself  tend  to  show 
that  the  temyjerature  of  the  mouth  is  somewhat  lower  durin^j;  the  winter 
months  in  Enf^land,  and  slightly  higher  during  the  snnnner ;  a  similar 
series  taken  in  the  tropics,  in  Barbadoes,  where  the  mean  annual 
temperature  of  the  air  is  20'"7,  an<l  the  range  throughout  the  year  is 
about  8**,  shows  no  marked  variation  during  the  dilleient  seasons. 

Jousset*^  found  that  the  cool  season  caused  a  fall  of  two-  or  three- 
tenths  of  a  degree  in  the  average  temi)erature  of  natives  of  the  troi)ic«. 

From  Bosanquet's  ^  ol)servations  of  the  rectal  temjierature,  it  appears 
that  the  highest  sustained  average  temjjerature  occurred  in  the  winter 
and  early  spring  months.  These  determinations  were  made  upon 
himself  four  times  a  day  for  a  period  of  three  years. 

A  few  observations  have  been  made  on  the  intiueiice  of  winter  and 
summer  upon  the  tem])erature  of  animals.  Thus  Edwjirds^  found  in 
the  cas^  of  sparrows  that  the;  mean  tem|)erature  rose  jJiogressively  from 


^  Indian  Ann.  M*(l.  Sr.,   (alrutta.  ls73,  vol.  xvi.  p.  550. 

-  Lancet,   London,  1S78,  vol.  i.  ]».  413. 

^  Ibid.,   I87.S,  vol.  i.  j..  551.  "»  /hid.,   I.s7 

*  yirdion''s  Arrliiv,  1893,  Txl.  rxxxiv.  S.  .'Jt)5. 

^  Phil.  Trans.,  London.  1845,  ])t.  2,  j>.  311*;  and  1850,  \>.  437. 
'  Arch,  de  nied.  imv.,  Paris,  1883,  tome  xl.  ]>.  124. 
"  Lancet,  London,  1895,  vol.  i.  j).  G72. 

*  ''Animal  Heat,"  in  Todd's  '*  Cyclojwdia,"  vol.  ii.  p.  659. 
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the  depth  of  winter  to  the  height  of  summer ;  in  the  month  of  Febnian* 
the  mean  temperature  was  40°*8,  in  April  42°,  and  in  July  43'''77 ;  from 
this  time  the  temperature  began  to  decline.  It  was  also  found  that,  in 
winter,  birds  could  more  readily  resist  the  action  of  extreme  cold  than 
in  summer. 

Davy^  observed  the  temperature  of  sheep  during  summer  and 
winter,  and  his  results,  although  they  are  not  suflSciently  consistent 
for  positive  conclusions,  seem  to  show  that  the  temperature  of  the  body 
is  a  little  higher  in  the  warm  weather  than  in  the  cold. 

The  influence  of  extreme  heat  and  cold. — The  experience  of 
the  inhabitants  of  tropical  climates  shows  that  it  is  possible  to  live  even 
in  an  atmosphere  the  temperature  of  which  at  times  exceeds  that  of  the 
body,  and  that  the  body  is  able,  by  means  of  the  cooling  effect  of  the 
evaporation  of  sweat,  to  prevent  its  temperature  rising  a  degree  above 
the  normal. 

Liningr  in  1738,  found  that  the  temperature  of  his  axilla  was  36°-l, 
and  that  of  his  mouth  36° "7,  when  the  heat  in  the  sun's  rays  was  51**'l, 
in  the  shade  oG*'^,  on  a  hot  summer's  day  in  South  Carolina.  EUis,^  in 
1758,  observed  that  the  temperature  of  his  body  was  not  above  36°*1 
when  he  was  living  in  Georgia,  and  the  temperature  of  the  air  was 
40°  6.  Experiments  on  men  and  on  lower  animals  have  shown  that  much 
greater  heat  can  be  borne  for  short  periods.  Blagden  and  Fordyce* 
observed  their  own  temperatures  after  remaining  in  heated  rooms,  and 
found  that  the  effect  varied  according  to  the  amount  of  moifiture 
present ;  thus,  after  remaining  fifteen  minutes  in  a  damp  room  heated 
to  54° '4,  the  temperature  of  the  mouth  and  urine  was  37°*8,  but  a 
similar  exposure  in  a  dry  room  heated  to  115°'5 — 126°*7,  and  in  which 
beefsteaks  were  being  cooked  by  the  heat  of  the  air,  did  not  raise  the 
temperature  of  the  body  above  the  normal.  Similar  experiments  were 
made  by  Dobson,^  who  found  that  the  temperature  in  the  mouth  of  one 
man  rose  to  ^>7°'5  after  he  had  remained  about  fifteen  minutes  in  a 
room  lieated  to  94'' 4;  in  another  case  the  rise  was  to  38° '6,  after 
twenty  niiiiutes'  exposure  to  air  at  98°"9 ;  and  in  a  third  case  a  sUiy  of 
ten  minutes  in  a  room  at  10G°7  caused  a  rise  to  38*'*9. 

Tillet  ^  had  previously  ol)served  young  girls  remain  without 
any  inconvenience  for  five  or  ten  minutes  in  a  kiln  heated  to  about 
l.')0,°  hut  he  does  not  give  any  records  of  tlieir  temperature.  In  1747. 
Le  Monnier"  found  that  he  could  remain  for  eight  minutes  in  a  l>ath 
supphed  l)y  u  tliermal  spring,  the  temperature  of  w^hich  was  44°  to  45® ; 
at  tlie  end  of  that  time  his  skin  was  red  and  swollen,  and  his  distress  so 
great  that  lie  was  obliged  to  get  out.  No  observations  upon  the 
tem])eratnre  of  the  ])ody  are  given.  Kurrer^  and  Neuhauss  ®  have  ob- 
served that  the  temperature  of  stokers,  working  in  a  stoke-hole  at  50° 
to  5(;^  is  raised  to  .'u  °-6,  or  even  to  38°-l.^o 

Numerous  ex]K'riments  have  been  made  to  determine  the  effect  of 

# 

^  "  KescarcliJ's,"  London,  lv*^:39,  vol.  i.  p.  208. 
-  l']iU.  Trans. ^  London,  174b,  voL  xlv.  p.  338. 
■=  I  hid.,  17r,S,  vol.  L  pt.  1>,  p.  754. 
^  Jhifl.,  177r.,  vol.  Ixv.  i)t.  1,  pp.  Ill  and  481. 
•'  Ibid.,  177r»,  vol.  Ixv.  pt.  2,  ]>.  463. 
^  Hist.  Acad.  my.  d.  .<r.,  Paris,  1764,  p.  188. 
'  Ihid.,  1747,  y.  271. 

^  Dnifsche  Frtljsrhr.  f.  off.  Gsndhtsjyflg.,  Braunschweig,  (2),  Bd.  xxiv.  S.  291. 
•'  FircI>ow\'i  Archiv,  1893,  lid.  cxxxiv.  S.  365. 
^'^  Sec  also  Cronihic,  Indian  Ann.  Med.  Sc,  Calcutta,  1873,  vol.  xvi.  p.  601. 
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extreme  heat  upon  animals.  Provoost  and  Fahrenheit,  working  mider 
the  direction  of  Boerhaave,^  found  that  a  dog  and  a  cat  placed  in  a  hot 
stove  (63")  died  in  twenty-eight  minutes,  whilst  a  sparrow,  under 
similar  conditions,  died  in  seven  minutes.  Duntze^  observed  that 
dogs  could  live  in  an  atmosphere  at  42*'*2,  but  died  when  the 
temperature  was  raised  to  45°.  It  was  found  by  Delaroche^  that 
cats,  rabbits,  pigeons,  and  various  insects  could  remain  for  one 
hour  in  a  temperature  of  36°  without  fatal  results ;  the  most  marked 
symptom  was  the  greatly  quickened  respiration.  When  the  tempera- 
ture was  raised  to  45°  or  53°,  the  cat  and  rabbit  died  witliiii  two  hours, 
the  pigeon  in  one  hour  and  twenty  minutes,  the  most  marked  symptom 
being  convulsions.  A  frog,  under  similar  conditions,  was  alive  at  the 
end  of  two  hours.  The  temperature  of  a  rabbit  exposed  to  a  heat  of  45° 
for  one  hour  and  forty  minutes  rose  from  39°'7  to  43°'8.  Exposure  to 
moist  heat  quickly  raised  the  temperature  of  animals,  as  shown  in  the 
following  table : — 


Aninial. 


Rabbit . 
Guinea-pig 
Pigeon  . 
Frog     . 


Temperature 
before. 


3r-6 
38^-4 

4r-8 

Not  stated 


Temperature 
after. 


43° 
44°'2 

46^-9 

27°-8 


Moist  Heat. 


38^7 

40^-7 

4r-9 

25" -6 
27'-2 


Time  of 
Exposure. 


55  minutes 

55 

42 

50 


The  eftect  of  dry  and  moist  hot  air  upon  different  animals  was 
determined  by  Bernard  *  in  numerous  experiments ;  some  of  the  results 
are  here  given : — 


Animal. 

Dry  Air. 

Death. 

Aninu 

il.                 Dry  Air. 

Death. 

Pigeon     . 

90' 

In  6  minutes 

Rabbit 

100^ 

In  10  minutes 

M 

90^ 

«i     „ 

f» 

bO' 

18       „ 

Guinea- pig 

90' 

24 

80" 

17       „ 

100' 

5       „ 

05' 

25       ,, 

»» 

100' 

6       ,.          \ 

Dog 

100' 

18       ,, 

Rabbit     . 

10<»° 

10       ,, 

90' 

24       „ 

Dog         . 

100' 

18       ,,          1 

80' 

30       ,, 

Rabbit    . 

100^ 

7       „         ' 

In  moist  hot  air  the  animals  died  very  quickly ;  thus,  when  the 
temperature  was  «S0°,  G0°,  and  4.')°,  the  rabbits  died  in  two,  three,  and 
ten  minutes  respectively.  Experiiueiits  made  l)y  immersing  the  body 
of  the  animal  in  hot  water  (^ave  similar  results.  To  deterniine  the  efleet 
of  exposing  the  body  to  dry  heat  without  wanning  tlie  air  used  for 
respiration,  Bernard  iiKide  the  following  comparative  e>:i>eriments  upon 
rabbits  of  similar  size  : — 


^  "Praelect.  Anal.,"  p.  211  ;   "Ek'ni.  do  clivmie,"  tome  i.  pi».  148,  '277,  27S. 
^  Quoted  from  Delaroclic  (•*). 

^  Jmini.  cUphf/8.,  Paris,  1806,  tome  Ixiii.  pp.  207,  468  :  1810,  tome  l.\xi.  p.  289. 
*  Ga^.   m4d.   de   Paris,   1859,    tome   xiv.   p.    462;    "Lemons  sur  la  ciialeur  aniniale," 
1876,  p.  349. 
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(a)  Rabbit  placed  in  dry  air  100° — 

Temperature  before  =  40° 

„  after   5  minutes  =  41° 

„  »     10        „      =44° — respiration  quickened. 

„     16        „      =  44^-5- death. 

(6)  Head  of  rabbit  placed  in  dry  air  100°,  body  in  cool  air — 

Temperature  before  =  40° 

„  after    5  minutes  =  40° 

„  »     AO        „      =  40° — respiration  quickened. 

,,     15        „      =41°) 

„     20        „      =41°  (         .    ,.  ., 

"  "     OK  ^  An"  [ respiration  very  rapid. 

"  "     30        "      =43°) 

„     38        „       =43°— death. 

(c)  Body  of  rabbit  in  dry  air  100°,  head  in  cool  air — 
Temperature  before  =  39° -5 

„  after    4  minutes  =  42° 

„  „     10        „      =43° — respiration  quickened. 

»  »     15        „      =44° 

„     20        „       =45*— death. 

Obernier^  found  that  when  the  external  temperature  was  first 
raised  the  rectal  temperature  of  dogs  and  rabbits  fell  slightly,  about 
0°'4,  but  soon  after  the  air  reached  30°  to  35°  the  temperature  of  the 
animal  begau  to  rise.  Death  generally  resulted  before  the  internal 
temperature  rose  to  45°,  but  in  one  case  it  reached  46° '2.  The  most 
important  symptoms  were  restlessness,  quickening  of  respiration  and 
pulse,  and  finally  convulsions  and  loss  of  consciousness.  A  short  time 
before  death  it  was  impossible  to  feel  the  pulse,  a  fact  explained  by  the 
fibrillar  contraction  of  the  heart  observed  by  Obernier  when  the  thorax 
was  o})ened.  An  examination  of  the  body  directly  after  death  showed 
marked  conj^estion  of  the  brain  and  lungs;  the  muscles  were  inexcitable, 
and  quickly  went  into  rigor  mortis.  Similar  changes  were  observed 
in  the  bodies  of  soldiers  who  had  died  from  sunstroke. 

Numerous  facts  show  that  cold-blooded  animals  can  live  in  hot 
media.  Thus,  internal  parasites  of  mammals  and  birds  can  live  in  sur- 
roundings at  temperatures  of  37°  and  43°"9;  and  there  are  well-authentic- 
ated cases  of  fishes  living  in  springs  as  hot  as  37°-44'.2  Sonnerat^ 
even  states  that  he  saw  fish  actively  swimming  about  in  the  hot  water 
(60°-6l^')  of  thermal  springs  in  New  Guinea  :  it  is  doubtful,  however, 
if  the  temperature  was  correctly  recorded  in  this  case. 

It  lias  ])een  sliown  by  Davenport  and  Castle^  that  by  gradually 
raising  the  temperature  tadpoles  can  be  kept  alive  in  warm  water. 
Hertwig^  has  observed  that  no  development  takes  place  in  the  ova 
of  the  tioH;  when  the  temperature  (jf  the  water  is  zero,  but  between 
2"*  and  3:r  it  progresses  with  dillerent  rapidity,  cold  delaying,  warmtli 
hastening  the  process.     A  temperature,  however,  of  34°  is  fatal. 

1  *'I)f'r  Hitzsrhlanr,"  Bonn,  1S67. 

-  S|»allanzani,  "Opu.sc.  de  j»l)ys.  anini.,"  tome  i.  pp.  r)4-60,  101  ;  Desfontaines.  quottd 
from  (I;ivain't,  "  De  la  chaleur  pro'hiite  j)as  Ics  etres  vivants,"  Paris,  185.5,  p.  464  ;  Tripier, 
Comjd.  read.  Acad.  d.  sc,  Paris,  tome  ix.  p.  602;  Cumberland,  Biblioth.  univ,^  Geni've. 
183*.»,  touie  XX.  ]).  204  ;  Prin.se p,  ibid. 

^  •'  Voya<j:e  a  la  Nouvelle  Guinde,"  Paris,  1776,  pp.  38-41. 

"*  Arch.  f.  Altai,  u.  Entirckln^sgcsch.,  Leipzig,  lvS85,  Bd.  ii.  S.  227. 

*  SU'^unti^h.  d.  prcuss.  Akad.  d.   Jrissensch.,  1S96,  S.  105. 
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Numerous  observationR  show  that  the  tein]jerati!i*e  of  aiiiiaalH  living 
in  the  Arctic  re^iuns  is  equal  to  that  of  animals  of  tiie  same  classea  in 
temperate  climates.  The  fullowiug  are  some  tvf  the  resultB  obtained  by 
fliliereiit  explurers : — 


AnimaL 

Tempermture  of 
Animal. 

TtMiufwniture  of 
Air. 

Obwrver. 

ar-ii 

-35"*6 

Parry  aDii  Lyon.*^ 

Arctic  fox      , 

, 

41  "l 

-35  -ti 

»» 

Sr*4 

^y2^-8 

Wdf     .... 

' 

40*5 

-32" -8 

White  hare 

W^^ 

'-i9  -4 

Prairie  fowl  (jimle) 

-12  7 
1           -15^*0 

Bkek.= 

42"-8 

-8-3 

ft' 

Prairie  fowl  (female)     . 

43^-3 

-8^'0 

M 

42° -8 

-1-1 

If 

i 
I 

42"  4 

-W'l 

■  1 

Willow  grouse  (male)    . 

43''3 

-32-8 

t? 

43-3 

-36  '8 

t» 

The  liuiitK  of  extreiiie  cold  are  generally  reached  wlieii  the  water  in 
which  the  aiunialH  live,  or  the  lymph  uf  their  tisaues,  im  froiien.  Finhea 
live  in  Halt  water  when  the  temperature  is  helow  zero,  l>ut  usually  die 
when  the  water  is  frnxeu. 

Buyle*  exposed  lain  prey  h  m  a  vessel  of  water  In  au  exceedingly 
Hharp  froHt,  and  fnund  next  day  that  one  lamprey  waw  frozen  in  the  ice; 
when  theiee  wa.s  jmrtly  la'okcnand  partly  thawed  the  aidnial  was  at  hrat 
iiiotionlesH.  hut  in  a  few  miuntes  recovered,  ami  dragge<l  after  it  a  large 
piec^  of  ice  in  whieli  its  tail  was  fixed.  Similar  experiments  were  made 
with  similar  rt'tsidts  upon  giidgeuns  and  fmgs.  flunti.^r  ^  found  by 
experiment  that  the  intcrusti  teHj}aaaturc  of  a  frog  and  an  eel  could  he 
reduced  to  -0  '6,  and  that,  altfiongh  tin' animals  a|»pcared  to  he  ilead, 
they  revived  when  the  temperature  rose.  Keguard^  ftamd  that  caqi 
will  live  in  water  contahiing  2\  per  cent  of  magnesium  snlfJiate, 
even  when  the  tem|)erature  is  a  degree  or  two  helow  zero  ;  at  -2°  tlie  hah 
appear  to  he  asleeji,  and  ut  — *V  their  vitality  is  bo  greatly  rci  lined  that 
they  seem  to  he  deail,  hut  revive  when  the  water  is  gra^luall}'  warmeil. 
Pietef*  exhibited  at  one  of  his  leeLurea  frozen  gold  hsh,  pike,  and 
frogs,  and  at  the  next  lecture  the  same  aninuils  alive  and  well  after 
gradual  t(uiwiiig.  Accmding  to  this  observer,  hahes  can  be  rapidly 
frozen  so  hard  that  they  can  he  snapped  in  two,  and  yet  other  hshes 
frozen  equally  hard  recover  wiieo  slnwly  thaweil  It  lias  liecn  oljserved 
hy  Mareet*^  that  gold  HmIj  <-oinpletely  embeildi^l  in  the  ice  showed  no 
signs  of  life  on  thawing,  but  nne  fish,  which  was  partly  encased  in  ice 
and  was  surroundeil  hy  a  little  water,  appearetl  lifeless,  ]»ut  recovered 
perfec^tly  in  a  short  time.      Observations    and    exjierinjents    made    by 

'  Parry.  '^Juuinal  of  a  Se«tni«l    VoyA|i;r'  (or  the  DisctiVery  of  u  Nortli-West  Passage," 
London,  1824,  y.  157  ;  Amh.  ih-  rkim.  il  jihij^.^  Pfirin.  1825,  i5dr.  2,  tome  xxviii»  j>,  223, 
'^  Compt.  reiuL  Acad,  d,  jjr,,  Piiriw,  is^ivf,  tuww  li.  \k  H'2L 
'  "  Philf>*M>j>hknl  W^orkn/"  Shnw's  ((litioii,  vol,  i,  |i,  »JbS, 

*  "Works,"  Palmefs  eilition,  L«>utluii,  is  37,  vol.  iv.  p,  1^1  tt  stq. 

*  Compt.  retbd.  Srjc,  tk  HoL,  Paris,  18ii5,  |>.  052. 
QutJtea  from   Marcet,  Ciooniim   LectureJ!i,  II /if.   MaJ,  Jtjurn,^   London,  1B95,  vol,  i* 


p.  1367. 
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GayinartP  and  (lavaiTeb^  show  that  toails  and  tisheH  may  l»e  frozen 
perfectly  Hbiff  and  yet  revive  when  gradually  thawed  ;  according  to  the 
former  observer,  the  freezing  mnst  he  gradual,  otherwise  the  animals  are 
killed.  During  Franklins  ^  explorations  in  the  Arctic  regions,  it  w^is 
observed  that  tis^h  frozno  completely  hard  recovered  when  they  were 
thawed  ;  a  earp,  whit'h  had  been  frozen  for  thirty-six  honrn,  was  able 
after  it  w*as  thawed  to  leap  about  with  much  vigt^ur. 

The  influence  of  baths,  -  A  warm  or  cold  bath  has  a  greater  eftect 
upon  the  temperature  of  tlie  body  than  exjiosure  to  air  at  the  same 
tempera  tore,  for  the  power  lA  c<miluction  of  water  is  greater  than  that 
of  air.  The  fir^t  important  cxperooents  upon  this  subject  were  made 
by  Currie  in  1797.*  He  found  that  the  immediate  eHect  of  a  cold  kuli 
might  be  a  slight  rise  in  the  temperature  of  the  mouth,  but  the  per- 
manent effect  was  a  fall.     The  folltjwing  are  some  of  his  results : — 


Tenipemture  of 
Bath. 

BuratJon  of 

Tcmwjutun;  liefore 
the  Balh. 

Temperattirr  alter 
the  Bath. 

Sea  water      ^'1 

5-7 

Freali  water  4° '3 

12  minutes 
30       ,, 
34       „ 

3r-3 

34   0 
34"'3 

The  temperature  waa  taken  in  the  mouth,  and  therefore  the  depree- 
sioii  wan  greater  than  it  would  hav-e  been  in  the  rectum. 

Fleury ''  found  the  temperature  in  the  nunitli  sink  to  34*»  32''"9,  and 
even  to  21)'"  during  a  cold  bath;  Vircbow*'  oliserved  a  fall  to  34"; 
Speck  ^  found  that  the  immediate  effect  of  a  shower  bath  at  22"*  was 
to  raise  tlie  temperatvu'e  of  the  mouth,  but  after  ten  miBUtes'  exposure 
the  temperature  fell  l'-"23. 

Numerous  observations  liave  lieen  made  by  Liebemieister  •  who 
selected  the  temperature  of  the  closed  axilla  as  representing  more 
exactly  the  temperature  of  the  body.  He  concludes  that  the  immediate 
effect  of  a  cold  bath  is  to  slightly  raise  the  temperature,  and  that  a  bath 
of  moderate  cold  and  duration  does  not  lower  the  tem|>eratUTe  below 
the  normal,  for  an  increase  in  the  heat  proiluction  compensates  for  the 
increased  loss.  Liebermeister,  as  Currie  had  previously  done,  used  the 
bath  as  a  water  adori meter,  and  calculated  that  in  a  bath  of  from  20** 
to  30^  the  heat  production  was  three  lu-  four  times  greater  than  the 
normal.  Jiirgensen^  confirmed  many  of  these  results;  he  found  that 
the  rectal  temperature  of  men  did  not  fall  mure  than  1"*,  often  less,  after 
remaining  twenty-five  minutes  in  a  eoM  bath  at  H*  to  9^  Recently 
I^fuvre  ^^  has  given  excellent  proofs  of   the  power  of  regidation  of 

^  Bibiioth.  nnir.,  Geneve,  184U,  tome  xxvi,  p,  207. 

'  "  De  la  chalniir  ]>rodijite  par  ks  utres  vivaiita,"  Paris,  1855,  p.  50*2. 

*  Franklin,  *'. Journey  to  tlic  PolnrSen,"  1819-1822,  2nd  Bclibon»  vol.  ii,  p.  17. 

*  "  Mcdiral  R+'|iorLs  on  tlie  EfTyct  of  Water,  OAd  and  Wunn,  aa  a  Remedy  in  Ferer  ind 
other  Di*e*seis." 

^  Proifrts  mrd.,  Parb,  1858,  p.  :v.i7,  ""'  Vin^how^s  ArcJtiv,  1868,  Bd,  xv,  S.  70. 

"  Arrh,  d.  Ver.  f,  ffemrinsch.  Ark  z.  FGrd.  tl,  imsgtuach.  Ifeitk,,  Gottingcti,  1851,  Bd. 
V,  S.  422. 

*  Arch,  f,  A  mil.  Physiol,  u.  leuK^iatch.  Med,,  Leipzig,  18d0,  S.  520,  689  ^  "  UandbQch 
d.  Path.  n.  Tlierap,  desFieln-rs,"  1875,  S.  102. 

"  lieutsckcs  Arch.  A  k/in.  Med.,  Lcip;Eig,  1867,  Bd.  Iii.  S,  ISS  ;  Bd.  iv.  a  110,  823. 
"  Compt.  reitd.  JSoc.  de  bioL,  Paris,  18B&,  p.  569  ;  1896,  pp.  492.  &64. 
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temperature  in  man.  He  reuKiiiieil  three  hours  in  a  liuth  at  lo^,  and  yet 
his  axillary  teuiperuturti  fell  only  uiie  degree  (;17  *-*0  to  ;>6' ^»0  in  the 
first  two  hourB  and  a  half,  and  then  remained  Ktiitionaiy  at  ^G^^^jO)  ;  the 
amount  uf  heat  Inst  was  800  kilo-eulorieB.  A  bath  in  water  at  25''  for 
three  hours  Cfiuaed  a  fall  in  teniiierature  frcnu  r{7'**2l>  to  *^6''G0,  with  a 
I06S  of  312  kilo-cab iries;  while  a  hath  of  one  hour*8  duration  in  water  at 
7"*  csaused  a  fall  from  o7''*70  to  ^MT,  the  Iobb  of  heat  l:>eing  530  kilo- 
caloriea. 

In  wimparing  the  eife<?t  of  hathw  on  dillerent  jieople,  it  is  important 
to  consider  the  size  of  the  hody  and  the  aunmnt  of  sulx'utaneuua  fat, 
for  the  greater  the  size  and  amount  of  fat  tlie  slower  is  tlie  cooling  uf  the 
body.  Liebernieister  found  that  the  temperature  uf  the  axilla  of  a  fat 
man  only  felt  0*2  dining  a  hath  of  21  to  :>U',  lasting  nue  Imur  and  a 
half. 

The  elfeet  (if  a  warm  liaih  is  t«»  raiwe  the  Lempcratuie,  hut  after  Ihe 
hath  there  is,  as  Ciurie  and  Liehernieisler  ribserved,  a  fall  in  temperature 
followed  by  a  gradual  rise  to  the  normal. 

It  is  iinixjssible  here  to  consider  all  the  numerous  results,  some 
ccjutradictorVp  which  have  been  olitaiju^d  by  tlitl'erent  observers,'  It  is 
important,  however,  to  nt>te  that  the  diflereut  results  markedly  show 
the  power  of  compensation  j*ussessed  by  the  higlier  ainmals.  A  cold 
hath  abstracts  a  large  i[tiantity  of  beat,  but  within  certain  liniiis  does 
not  cause  the  temperature  of  the  Injdy  to  fall,  for  the  cutaneona  blood 
vessels  contract  an<l  thus  diminisJi  the  loss  of  heat,  and  the  cold  acting 
on  the  nervous  system  stimulates  the  tissues  to  increased  production 
of  heat;  on  the  other  liand,  a  hot  bath  would  tjitickly  cause  a  rise  in 
temperature,  if  the  animal  were  not  able  within  certain  biiiits  to  in- 
crease its  loss  of  heat  by  an  excessive  vascularity  of  the  skin  aiut  to 
diminish  its  production  of  beat.  These  compenHating  factors  show  tlieir 
influence  by  a  rise  in  ttnuperature  after  u  cnld  bath  and  by  a  fall  after 
ft  hot  bath,  as  the  case  may  be.  For  this  reason  a  In  it  bath  is  most 
elective  in  prfiducing  a  euoling  ettect  ujnm  the  body  in  tn>]acal  climates. 
The  after-eliects,  however,  soon  ibsappear,  and  the  tempi^ralure  becomes 
ne^irmal 

The  c<uu]»ensatiHn  is,  in  fact,  sn  exact  in  a  healthy  man,  that  any  fall 
ur  rise  in  temperature,  caused  by  too  long  exjiosure  tn  cohl  ux  bi-at,  is 
followed  res]iectively  Ity  a  rise  above  or  fall  beliiw  the  nornud.  Thus  it 
is  that  the  mean  daily  temjKTature  and  the  daily  variatiinis  are  very 
slightly  or  not  at  all  allerted  by  baths  fdingeusen;-  Lii^nnineister;^  Ringer 
and  Stuart,*  anti  nthers).  Still  it  must  be  remembered  that  this  com- 
pensation is  only  eMeciive  within  certain  narrow  limits,"  and  di»es  nut  in 
any  w^ay  invalidate  the  use  «>f  cold  bathH  in  tlie  treatment  <d"  high 
temperatures  in  cases  of  fever. 

Exj^erimenta  upon  thp  inlbience  uf  warm  and  eold  batlis  have  also 
l»een  made  up^ai  animals,  and  the  results  agree  with  tluise  (dttaitved 
itpon  man.  Crawford*  in  1S7I  found  tbcit  the  tem]H4atuie  of  a  dog 
kept  in  a  hot  bath,  45  i3  to  44 '4,  rose  in  thirty  minutes  to  42'*"8,  and 

*  For  further  rktaik  tin<3  reforeiires  kw  LuVUernniisttT,  "Handtmrli  iL  I'iUh.  u.  Therap. 
\\m  Fielwrs,"  Leipiiig,  1875  ;  Wumleilirli,  ''Mtnlical  TIitTmomt'try/'  p.  \^%. 

*  Loc,  cii.  ^  loc,  i:it. 

*  Ptoc,  Rof^.  Soc.  Lomimi,  IS" 7,  voL  xxvi.  j*.  *i03. 

»Lowy,  ^rcA,  /  fL  ijcs,  rkftnioi.,   Uunii,   isSH,   H*l.   vk.  S.  G25  ;  1890,   M.  xlvi.  S. 
189;  gee  s1»o  **Chf'Tnistry  of  ReHpirati^Jii,"  this  Tt'xt  l"">k,  vol.  i.  p.  712. 
^  Phil.  Tram.,  London,  1781,  vol  Ixxi.  p.  486. 
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the  clog  becami!  very  languid ;  the  venous  i>lood  of  dogs  kept  in  a  warm 
liath  liii^l  ail  cirterial  i-oiuur;  whereas  a  cold  liath.  T''*l,  rendered  the 
blood  in  the  jugular  vein  very  dark  More  extended  oh8ervati(»n8  were 
made  hy  Hoiqie^  uix)u  lioth  the  iminediafce  and  after  ellects  of  l>aths 
upon  ilogs.  The  rectal  temperature  of  a  dog  placed  in  water  at  48" 
for  three  niinutes  rose  from  ^>8''75  to  4r'"45 ;  a  eold  hath  at  9  '12, 
lasting  half  a  minufce,  caused  a  fall  of  F;  a  hath  of  freezing  water, 
lasting  respectively  two  and  fovir  nnnutes,  produced  a  fall  of  T'T  and 
4°*88  helow  the  noiniul  Hoppe  found  that  the  temperature  fell  during 
a  cold  hath  hut  afterwards  rose  ahove  the  uonnal,  that  it  rose  during 
a  hot  l»atl)  hut  afterwards  fell  l>elow  the  normal  The  sensation  of 
cold  sthnulated  the  organism  to  an  increased  prodnetion  of  heat,  for 
if  evaporation  from  tlie  wet  skin  was  rapid  the  temperature  rose,  but 
if  it  was  hindered  hy  a  eovcring  of  nihht^r  the  temperature  felL 

Bernard-  found  that  very  hot  baths  (piickly  causeil  death,  the 
Bym]itoms  being  similar  tr*  those  observed  from  ex]>osure  to  hot  air. 

The  influence  of  certain  drugs  upon  the  temperature  of  the 
body,^ — Almkoi? — The  etfect  of  alcohol  is  a  fall  in  temperature,  and 
not,  aa  is  popularly  lieheved,  an  incre-ased  heat  of  the  body.  It  is 
true  that  after  tlic  use  of  alcohol  tliere  is  a  feeling  of  increased  warmth, 
but  this  is  due  only  to  the  increased  vascularity  of  the  skin  and  the 
aetivity  of  the  sweat  glands. 

Alcohol  seems  t<j  act  in  two  ways :  it  has  little  or  no  elleet  upon 
the  production  of  heat  in  the  tissues,  hut  greatly  increases  the  loss  of 
heat  hy  causing  the  cutaneous  vessels  to  dilate,  stimulating  the  sw^eat 
glands  find  quickening  the  circulation.  The  normal  leaction  to  cold, 
nauicly,  increased  [jroductiun  f>f  heat  and  contraction  of  the  eutaueoufi 
vessels,  is  partly  paralysed  by  large  doses  of  alcohol,  with  the  result  that 
drunkards  exposed  to  cold  quickly  '*  freeze"  to  death. 

Various  oh.servers*  have  found  thsit  alcohol  taken  in  ordinary  quan- 
tities as  a  beverage  causes  a  sliglit  dt^pression,  genemlly  less  than  half 
a  degree,  in  the  temperature  of  healthy  men ;  on  the  otlier  hand« 
poisonous  doses  may  cause  a  fall  of  five  or  six  degrees — in  fact,  many 
of  the  lowest  teuqieratures  recorded  in  man  liave  been  observed  in 
drunken  persons  expnf^ed  to  C4»ld. 

Exi*eriment.s  upun  animals  have  given  similar  results.  Wallher* 
exposed  two  rabbits  to  a  teni|terature  of  21** "2  helow^  zero:  in  two  and  a 
quarter  hours  tlie  temperature  of  the  normal  rabbit  fell  from  38°*8  to 
35*'6,  while  that  of  the  rablait  which  had  received  35  c.c.  of  i»randy  fell 
from  *'^%^'%  to  19^*8.  A  guinea-pig  was  given  a  dose  of  t>  or  7  grnia. 
of  brandy,  and  then  cxjjoHcd  to  moderate  cold:  its  temi»eniture  fell  10^ 

'  I'irchotr^ft  ArchU\  lSr.7,  VA,  xu  S.  45S. 

^  This  tirticle,  \k  SU-. 

*  Yi\r  further  iletaili*,  sm-  works  on  ibt'iapeutks, 

■^  J^avv,  PhiL  Tmtus.,  Loiiilijri,  1850,  p.  444;  Licbtcufels  and  Fruhlieb,  Dtnlnckr^U^ 
d.  l\  AktuL  d.  insMtitsch.,  Witn,  1H52,  Hfl  iii.  A}«tli.  2,  S.  131  ;  Lallenmnd,  Penin,  Mi4 
Diiroy,  "  Du  rnk-  dt-  rjiUfinl  h  <hs  aiicstlit'^i*]ti(:'.s  daiiB  ror^'ttiiismc/*  Paris,  l^^O;  Ogle, 
SL  Gror(y$  JfvsjK  /irp.,  Ijundnn,  li?t>iJ,  vrd.  i.  p.  iJ-'W.  Ringer  and  Riokards,  L^nysti, 
LinifUm,  18t5H,  vol.  ii,  ji.  20^;  Cunv  iloinur,  Art^h.  f,  tL  ff*s,  I'hyHoL,  Bonn,  1S6&» 
Bd.  ii.  S.  370;  (Jodfrin,  **Dt'  ralctnd,  mn  iietiou  pliyaiolo/cpque,  sea  applicjitioiis  lh^r»* 
peuti>|iie.H/'  IHOO  ;  ^V^,H:k^■^lin^^  fkitJ-Hch^-s  Arch.  /,  Uin.  Mfd.^  Leipzig,  1*^77,  lid.  xix. 
a.  ;n7  ;  Zimt;^,  Ftnhihr.  tL  M*ui,,  B^^ilin,  1.SS7  ;  Gcppirt,  An-h,  /,  cjpper.  P*tih,  n.  Fhnr* 
ffuiko^.,  Lfip^i^,  BA.  xxii.     Parke»  iind  Wullowic/,  lYoc.  lioff,  Soe.  Lon^imt^  1870,  vol.  iriiL 

IK  3fi2,  round  tliat  aleahal  in  ordinary  quantities  had  no  elFect  on  the  t«ni{»enitnre  of  a 
leak  It  y  nmn. 

^Jrch,t\  Anat.,  PinjtioL  u    icisMi-tiMch,  MtnL,  L*ip«gi  IStifi,  8,  45. 
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whereas  that  of  a  iioniial  animal  expoBPti  to  euM  only  \'arie(l  one,  or 
iwo-tenths  of  a  degree.     Similar  resviltH  have  hepii  oht^iiiietl  hy  others.^ 

Calorimetric  ol»8ervatioiis  have  been  made  hy  Eeiehert-  upon  the 
influence  of  alcuhol  on  the  production  and  lt>SB  of  heat  in  doga ;  he 
found  tljat  the  totJtl  lieat  prudrietion  was  not  essentially  altered,  hut  tlie 
loaa  exceeded  t lie  produeLinn,  and  therehire  the  tempenj tore  fell.  The 
doses  given  were  1'25,  L*:"i,  and  5  e.c.  p(:*r  kilu.  uf  the  anhiud  h  weight. 

Vkiorofirrm^  dh*:}\  morphia^  t:hkmil,  mid  nicotine. — The  general 
effect  of  these  drugs  is  to  cause  a  fall  in  the  temperature  of  the  body,^ 
and  in  jKiisonouH  doses  to  bh  greatly  depre^-s  the  f>ower  of  heat  regulation 
that  a  warmdilooded  animal  jwisses  into  a  condition  in  whith  it  eamiot 
maintain  its  teui|«rature,  its  respiratory  exchange  and  temperature 
varying  witlj,  and  in  the  same  ilireetion  ur.  that  of  its  surroundings 
(Kumpf,  PembreyV  Calorimetrie  ohservaticHis  nnide  hy  -T.  Kosenthal 
«how  that  under  tlie  influemuM^f  rliloral  tlu^  teuijierature  of  rabhits  falls,* 
the  discharge  of  heat  18  IjO  to  40  per  eeid.  greater  than  the  ntutJial,  and 
the  prodnetiim  of  heat  and  also  of  carbon  di<txide  is  ditniniHlied  :  strychnia 
aiui  tetanus,  nn  tlie  nther  hand,  increase  the  produrtion  hut  diminish  the 
loss  tti  heat. 

Ox^ain,^  atropin,  hrucin,  eaireiu,  aiul  veratrin  raise  tlie  temperature; 
the  most  remarkable  pyretic  drug,  lifi\vevei\  is  ^-tetra  liydroiiaphthyl- 
amiue,  %vhich  causes  in  the  case  of  rabbits  a  rapid  rise  of  three  or  four 
degree.s  in  the  recta!  temperature^:  curari  '  causes  a  marked  fall  in 
temperature. 

TiLe  limits  of  bodily  temperature  compatible  with  life. — Although 
the  range  of  tempcialure  in  a  normal  man  is  Irss  than  2  ,  yet  a 
much  wider  range  is  nbserved  in  rertain  pNthnlogieal  fiuulitions. 
Thus  by  exposure  to  c<dd,  especially  when  the  subjects  an*  (hunk, 
the  temperature  may  fall  even  as  hnv  41s  24*  without  a  fatal  issue, 
Reincke-  has  recorded  numerous  cases  ai  low  U'uiperature  resulting 
from  the  aceiilental  exposure  of  drunkards  tn  i'r4d  air  and  water. 
In  tW4i  of  these  crises  the  rectal  temperature  was  'Kf'  iind  24"*  re- 
ajiectively ;    the    iiatientH    were     uncunscions,    luit     imder     treatment 

^  Rampf,  Areh,  j\  (L  gest.  TfnjMoL,  Bniju,  1884,  Url.  xxxiii.  S,  5^8;  Khijicf-i  nnd  KickarilB, 
lor,  cil.  ;  Ts<?headiicl]Ui,  Arch.  J\  Autd.,  PhtjmoL  n.  ^thHtuaeh.  Mrd.^  ]S«itl,  S,  ItJl  ;  Ciiny 
Bouvierj  !t*c.  ciL 

a  Tfurnp.  fkiz.,  Dittoit,  FelTnary.  l^-'O. 

'  DuTiieril  ami  Domurquay,  **  Hcc'IiETLlirs  f*xi»iimLjilai&H  h\\t  1*'«  modifications  iTuprinK'ea 
ji  la  tetiJTJ€rature  aniutftle  jmr  ritlitr  ^'t  IVhIornrorriu/'  IS 4S  ;  lirovvn-SAtUftrd,  I'mnpt,  rnid, 
Soc.  de  hioL,  Pam,  1849,  No.  7,  ]k  102;  T.hi  lie^ihi^ldn,  A»r.  nf,  ;  billciuand,  tVrrin,  and 
Dnrf>y,  *' Dn  r/d»' d<?  ralrcMjl  t't  des  (itif*slli^'^ii]Ui's  iIhuh  ]'iir;L;iiniHiin'/'  Paris,  18<iO  ;  Spciicer 
Wdis  3lin.  MM.  Jmtrn.,  1S<U^  1S70  ;  KiLliardsrui,  rrttriiUoiur,  Loiidmu  18fU",  1H70  : 
Wai>.'ii  Tay,  Brit  Mfd,  Jtmra.,  Loiid^jii,  1870,  \u\.  i.  |>.  ;i2!i ;  Ogkhhy,  rmrW(imirt\  J^indon, 
1S70;  Aii^flvsio,  Vonipt,  rnuL  Sor,  dt  hiof.,  Parts,  l.si>4,  p,  jUf't :  RiL'liet  ^'fftnjyi,  irmt  Acad, 
d.  $e..  Pans  18S9,  tunie  cix,  p.  190;  Arch,  tfe  phtfitiol.  nonn.  tt  pttth.^  P?iiiy,  1890,  t<iniL*  ii. 

P.  221  ;  Warter,  Med.  TimrH  and  O'tn.,  Lmithm^  1^6<!,  vol.  ii.  p.  41*1;  LicIitEBnlflH  aud 
rohlitdi,  DenJkS^Jtri/hn  d,  k.  Akad.  d.  irissr.itsfk,  Mntk.uatnrti'.  t'/.^  WiPii,  185*2,  LW.  iii. 
Abth.  2,  8-  l.'J7  ;  Hol^liiy,  JfutrM.  Coittp,  Ptttk,  aud  Thfrrtp,^  FAin.  nnd  Loudon,  vol.  v  iii. 
pi.  287  ;  Pernliroy,  *^Pioc'.  Phy.siol.  Hot:!.,''  JoffrrK  Pht/«ioL^  Ciim\irh\}*i3  iiutl  Lomlon,  IS9A~ 
1895,  vol.  xvii.  " 

*  Sitzumj^.  d.  k.  Akad.  d,  WUmisch.  in  lUriln,  ISUO,  Bd.  xx,  ;  xxi.  \h  ^J*^* 

*  Mantt'^a/.^a,  Ann.  ntnv.  di  m^d,  f  chu\,  Milauo,  18r>R,  vol.  rlxvii.  ;  II.  Mo»«io,  Arch, 
t'i/ii,  df  hifd..  Tiirlu,  1B87^  vol.  viii.  p.  ti"0  ;  1891,  vol.  xiv.  p.  248  :  Hobday,  Journ,  f'imtp. 
Path,  and  Tha-fjfK,  FAuu  and  Loudon,  IH^fi,  vol.  viii.  p.  20;  lfiM7»  vi>L  x.  r*.  ^0. 

•'Stern.    Vindiuwif  Arehir,    1889,   Bil.   t-xv.  8.   ]4  ;  Fuw<'**U  tuirl   llnN^   \\lntc%  Jtntnu 
Phyntti,^  Cantliridge  and  T^mdon,  l?^!*?,  vnl.  vxi.  p,  4'i5, 
'^  This  artirle,  p.  84  L 
^  iMuinch^a  Anh.f.  klin,  M*d,^  [^ipzjg,  lH7.'i,  IkJ.  xvi.  S.  1*2. 
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recovered  in  a  day  or  two.  In  other  c^ses,  with  temperatTires  28'''4, 
27%  and  2ti  4,  death  foUowi-d  in  about  twenty-four  hours.  In  a 
case  observed  by  NicohiVBen  ^  tlie  rectal  temperatme  was  24  *7,  but 
the  dninkiird,  who  hud  been  exprjsed  for  a  wliole  uight  to  air  6' 
below  zero,  coinpletelj  recovered;  tlie  teniperatiire  nf  the  vagina  and 
axilla  wfm  27'*9  in  a  woman  who  had  had  a  similar  experience,  but 
within  nix  hours  the  temperature  r^ »se  to  36'%5  umler  treatment,  and  the 
patient  eompletely  ree<»vered.^  In  four  cases  of  insanity,  liowenhardt ' 
has  observed  temperatures  as  low  as  25%  29''^5,  23°  75.  and  28' ;  in  one 
case  the  range  of  temiKn^iture  for  several  weeks  was  from  25*  to  35*. 
The  patients  were  about  60  years  of  age ;  they  often  ran  al>out  naked 
in  cold  weather,  and  were  frequently  Imthed  on  account  of  their  dirty 
habits,  and  although  tliev  were  fairly  active  they  did  not  take  much 
food.  The  observations  were  taken  sonietrines  in  the  axilla,  some  times 
in  the  rectum. 

Weiland  *  has  recorded  two  casew  of  adults  with  teniperatiirefi 
reduced  to  28'"4  and  2{j''6  from  exiK^sure  to  cold;  the  observations  were 
taken  in  the  rectum  several  houi-s  before  death:  in  a  third  case»  that  of 
a  drunkard  who  had  been  exposed  to  crdd,  the  rectal  tempei'ature  was 
30**4,  and  recovery  took  i)Ia(-e.  The  rectal  temperature  of  a  man  siifter- 
ing  from  lu<»nchi-ectasis  was  found  by  Liebermeister  ^  to  be  ;^2"'6,  and 
that  of  a  child  five  days  old,  suPferinL^  from  sclerema  and  icterua, 
32"'15  ;  the  readings  were  taken  a  day  or  two  before  death,  and  several 
thermometers  were  usetl  and  tested.  Kohler  ^  observed  a  temperature 
of  28°'2  in  the  rectum  of  a  drunkard,  and  found  that,  notwithstanding 
treatment,  it  remained  low  until  shortly  before  the  man's  death  a  month 
later:  two  eases,  with  rectal  tem|ieratureH  26"*S  and  2(>"'7,  were  observeil 
by  Quincke:"  the  subnormal  temi^erature  %vas  due  to  exjwsnre  to  cold, 
but  both  of  the  patients  recovered.  Numerous  records  of  subnormal 
temperatures  will  Ite  found  in  pajjers  by  Janssen/  Lemeke,®  and  Glaeer.* 

In  the  case  of  non-hibernating  mammals  an  artificial  cooling  of  the 
body  to  18°  is  in  a  few  hours  followed  by  death,  unless  artificial  respim- 
tion  and  heat  he  applied.  Rc'ibbits  cooled  to  18'  are  perfectly  helpless 
and  paralysed  ;  the  heart-beat  is  feeble,  IG  to  20  per  minute ;  the  respira- 
tion is  either  exceedingly  slow  or  ra])id  and  shallow:  the  nerves  and 
muscles  long  remain  irritable,  and  during  o|)erative  procedures  there  is 
very  little  bleeding,  owing  to  the  low^  blood  pressure.^* 

It  was  shown  l)y  Kdwiirds  '^  that  newly-liorn  pups  and  kittens  would 
live  for  two  or  three  days  with  their  temperature  reduced  as  low  as  17* 
or  20%  ami  that  the  applicatic^n  of  artificial  warmth  would  restore  the 
yomig  animals,  if  this  low  temperature  had  not  pei*sisted  t<x>  loDg, 
Adult  animals,  however,  when  cooled  to  18'  or  20%  generally  died,  even 

<  Jahrt'sb,  iL  d.  Lridnnrj,  ,  ,  ,  d.  ges,  Med.,  Berlin,  1875,  Bd.  L  S.  2S8. 

'  IVtpr.  Oaz.  fifhtt  fit  vifd.,  Paris,  1872,  p.  \m, 

^  AHth  Zhchr.f.  r»ifchinL,  rjf.,  Berlm,  1868,  B<1  xxv,  S.  fi85. 

*  Srhnft.  tL  Unit\  zu  Kki,  1869,  M.  xvi. 

*  '^Uaudbiicb  <i.  rati),  ii.  Therap.  ihn  Fiebers,"  1S75,  S.  69, 
"  Sehfi/f.  (L  Univ.  :u  Kirl,  1S73,  Bd.  xx. 

'  Quoted  hmn  .Jaiisscn,  Deutschts  Arch./,  I'lin.  Afcd.,  Lciprig,  18&4,  Bd.  liii,  S.  249. 

"  ItiiL,  ISSiJ-Hl,  ]kl  xxxiv.  S.  00. 

»♦  **  Oeber  Vorkonimen  und  Ursuchen  abnorm  uiedriger  KorpertomperaCur,"  Din.» 
Hum.  1«78. 

'"  WaIUiuiv  rirchotF's  Archir,  \mi,  FU.  xxv.  S,  414;  UmL,  1865»  S.  25;  Horratli, 
V$rhandL  d.  phtjfi.mtd,  Otsellsch,  in  fFitrzburg,  18S1,  Bd.  xv,  S.  187  ;  TMbetebkbto, 
Aixk. /.  AuKt.,  linfsio!.  v.  iri^Mnnch.  JfftL  1800,  S,  1.11, 

*'  **I>e  riutluenee  dcs  agena  physiques  sur  Id,  vie,''  1824,  p.  287* 
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when  artificial  wannth  was  aj»plieil  Similar  results  were  obtained  in 
the  eaae  of  recently  hatehed  and  old  birds. 

Hibernating  mammals  have  lieen  observed  during  winter  with 
temperatures  as  low  as  2\  and  during  summer  they  may  l>e  cooled  by 
artificial  means  to  V'2  \  m  these  caHes  the  animals  are  able  to  again  raise 
their  temy>eratnre  withmit  any  external  aid  (Walther,  Horvath,  and 
others). 

The  eg^'s  of  si  Ik- worms  and  of  other  insects  may  be  exposed  for  a 
long  time  to  temperatures  lIO  to  ;iO°  below  zero,  and  yet  will  develop 
into  larvte  when  removed  to  warm  surround  in  n;B.i  The  Arctic  ex- 
plorer Rosa  exjKised  caterpillars  to  a  temperature  of  -42%  and  found 
that  they  recovere<l  when  slowly  thawed.  tJolasauti*  observed  that 
hens'  eggs  could  be  exposed  for  two  hours  to  a  teurperatuie  of  -4'',  and 
for  half  an  hour  to  a  temperature  of  -T'  to  -10  \  and  yet  developed 
normally  when  placed  in  an  incubator. 

As  already  pointed  ont  on  p.  817,  in  the  lower  vertebrates  the  tem- 
perature of  the  body  may  slide  to  zero  and  yet  recovery  take  place. 
Hunter^  placed  an  eel  in  a  freezing  ndxtiire,  until  the  temperature  of 
its  stomach  fell  to  -0*0,  when  the  animal  appeared  to  be  dead,  but 
by  the  next  day  it  had  rccnveied  :  a  simibir  result  was  observed  in  a 
frog.     Frozen  leeelies,  however,  were  de^id  when  thawed. 

As  regards  the  limit  of  high  teniperatures  Cfmipatible  with  human 
Ufe,  there  are  nanierous  records  of  eases  of  hyperpyrexia.  The  highest 
observed  by  Wundcrlich  *  was  44  To  (112 -oo  F.)  in  a  case  of  tetanus; 
one  hour  after  death  the  temperature  was  45-37.  Currie  ^  found  a 
temperature  of  44 '45,  Woodman'^  taie  of  461  in  fatal  cases  of  scarlet 
fever;  Kaunder^  records  a  ciise  of  sunstroke  in  a  healthy  man,  the 
temperature  in  the  axilla  was  4li"'9,  there  was  tieep  coma,  and  death 
took  place  in  eight  iiours ;  in  a  sindlar  case  observed  l>y  Casey  ^  the 
temperature  in  the  axilla  was  \?^'\,  and  deat!i  oceurretl  within  three 
hours.  Levick  ^  gives  cases  of  sunstroke  in  which  the  temperature  was 
42° '8,  and  the  patients  recoverc^l.  Fatal  cases  witli  teiuperatmes  43", 
42*'5,  and  44'  are  recorded  by  Simon,^'^  two  cases  of  tetanus  with 
temperatures  44*4  and  4r"6  liefore  death  by  Lehmann,^^  and  others 
with  4:r-4,  43-6.42  75,  43^4,  43^-4,  44^-3,  and"43^^  by  i^uincke.*^ 

On  the  other  hand,  Don  kin  1^  gives  eases  of  tem]>ciatures  as  high  as 
44''2,  45*",  and  44'-5,  in  winch  recovery  took  [dace  ;  the  high  temperature, 
however,  appears  to  have  pTsisted  for  a  very  shfjrt  tirue.  In  two  cases 
of  rheumatic  hy]»erpyri»xia  rceorrled  by  Arkle  ^*  the  temperature  was 
43'"55  (110'"4  V.\  but  the  patients  recovered. 

*  R^mUTDur,  '*M^m.  aiir  Ics  inr^tH'ti\s,"  torneh  ii,  tiinl  v.;  Srollan/ani^  ^'Opusc.  du  plus. 
Anim.,'*  tome  1-  pp.  82 -S;'*  ;  BoihituiLH^  '' B^hlmth,  uwit*.,  Geiu've,  183'^,  toiim  xvii,  p.  200; 
Ross»  ibid,,  183il,  tnme  iii.  \\.  423  ■  Pittul,  Arrh,  d.  sr.  phifs.  ei  tmLj  Geueve,  18&3  (a), 
tome  3C3tx.  p.  292. 

^  Arch//.  Anal.,  PhyshL  v.  wUs/^n^ch.  MM.,  187.%  S.  177. 

*  *'\Vork^,"  I'aliiHi's  cditinii,  Lfiinioti,  1^37,  vol.  iv.  p.  131  H  Mq. 

*  **  Medical  Thermometi  v/"  p.  204.  *  *' Medical  Re[>nrts,  etc." 

*  Med.  Mirror,  London  ^  1855,  p.  77. 

'  Med.  Tinier  aiiit  Oaz.,  l^iidLui,  1868,  vrd.  ti.  ]>.  118. 

■  Ibid.,  1866,  vol.  ii.  p.  'l^. 

^  Penn.  Hasp.  Rep.,  PldUlelpIda,  lHf>8,  vol  i.  p.  Zm. 
^"^  VfvariliAiiti.,  Hvriih,  I'^^ii'i,  B^i  xiii.  llrfl  i,  S,  h 
1*  Schmiil£\s  JahrL,  Uip/ig.  IStiH,  Ud.  cxxxix.  S,  241. 
^^Berl.  klin.    Wrh}m:hr.,  18';9,  S.  ;J01. 
^  BriL  MetL  Jmm,,  L->iidf>ii,  1^19,  vol.  ii.  ji.  983. 
*''  Tran9,  Clin,  Hoc.  Lomhm,  1888,  voL  xxi.  p.  Is7. 
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Richet^  has  collected  three  cases  in  which  tlie  teini:»erature  rose  to 
46^  but  the  patients  recovered.  Niimeroim  fit  her  ca«es  nf  high 
temperature  in  mau  arc  to  he  found  scattered  tlirougliout  meilioal 
hteratiire.^ 

^  Experiiiieiits  upon  annuals  have  deteruiined  jur»re  exactly  the  limit  of 
high  ternpemtnre.  l^ruard^  hjund  that  when  the  internal  temperature 
of  rabbits  wan  artiiicially  raised  to  45"*  they  died ;  in  hirils  the  fatal 
limit  was  51"  or  52'.  According  U^  tins  physiologist,  deatii  was  ehie  t^> 
stoppage  of  the  lieart  by  the  hot  blooth  which  sent  tlie  muscle  into  rigor 
mortis.  Kosenthal'^  obtained  similar  results  for  rabbits,  l»ut  found  that 
if  the  animal  was  reuioved  to  cooler  surroumhngs  when  its  teuiperature 
had  reached  44°,  recovery  miglit  take  place.  From  tliese  and  similar  ex- 
periments by  Obernier,^  Wood,^  and  others,  it  may  l»e  concluded  that  a 
bodily  temi>erature  of  45"^  is  extremely  dangerous,  ami  one  of  47'  quickly 
fatal,  to  the  life  of  nianunals.  TJie  limit  of  high  tenijKnatures  ap]iears 
to  Ije  fixed  by  the  point  at  which  the  proteids  of  the  hoily  begin  to 
coagulate. 

The  Temperature  of  Different  Parts  of  the  Body. 

The  heat  of  the  bo(Jy  is  produced  hy  proeeflses  of  combustion  taking 
place  chieily  in  the  nniscles  and  glaiuls,  wlule  heat  is  lost  chiefly  from  the 
surface  of  the  skin.  The  result,  therefore,  is  that  the  temperature  of 
the  body  diminishes  fnmi  the  interior  to  the  surface.  It  is  iiufjossible, 
however,  to  give  any  exact  value  U\  the  temperature  of  ditterent  parte, 
because  the  ]norhiction  and  loss  of  heat  vary  under  iliflerent  eomlitious 
of  the  animal,  such  as  nniscular  activity  and  lUgestion. 

The  temperature  of  internal  parts  in  man. — In  considering  this 
subject,  it  is  important  to  reniemlHir  that  tlie  temperature  taken  by  a 
thennonieter  placed  in  a  dry,  well-closed  axilla  represents  the  heat  of 
an  internal  cavity;  Einger  and  Stuart^  even  state  that,  "  thie  care 
being  taken  and  sufficient  time  allowed,  the  temperature  of  the  axilk 
is  always  identical  witli  that  i»f  tlie  mcnith,  aud  with  that  of  the  rectum 
four  to  six  inches  above  its  termination/' 

Upon  the  res]*ective  temperatures  of  tlie  month,  axilla,  and  rectum, 
there  is  a  gi^eat  want  of  agreement  among  ol^scrv'ers.  This  is  in  j^^^at 
part  due  to  the  fact  t!iat  in  numerous  cases  insufficient  time  is  allowed 
lor  tlie  deternnnation  of  temperalvn-e  in  the  mouth  and  axiUa :  but  there 
iB  another  cause,  whi(  h  is  boynud  the  nmtrol  of  the  f^bserver^the 
eircnlatiiju  of  blood  in  the  nmuth  and  in  the  skin  of  tlie  axilla  is  liable 
ti*  marked  variations,  ft  will  be  well,  therefore,  to  mention  the  dis- 
cordiuit  resvdts  obtained,  and  then  ihnw  soiue  general  conclnsion.  As 
just  mentioned.  Ringer  and  Stuart  state  that  the  temperature  in  the 
axilla  is  irientieal  with  that  of  the  mouth  and  rectum;  Ogle®  says  that 

^  €&rf}pi.  r^fuL  Sifc,  de  bto/.,  Paris»  1894,  p.  416. 

■  Hale  White,  Brit.  Mrd.  Journ.^  Loiiilonf  1K94,  vol,  ii.  p.  1093.  Here  numerotu 
relVrPiicoii  vviU  he  fonml.     Si'Q  al^*  Tmm.  Ciin.  AV,  London,  18S2,  vol.  xv,  p,  2til. 

'*  Gaz,  mM.  tk  roris,  IKi't^,  toiiio  xiv.  |i.  46*2  ;  **  Le-fotjs  sur  la  chiileur  uiiniAlc/* 
p.  ^40. 

* '*  Zur  Kpniitnis-s  der  Wj^rmeregiiliruni?  hfi  tlert  warmblutigen  Thieren,**  Erlangen, 
1872,  S.  15. 

^  "  Dei"  Hitzs<.'b1ft«:,"  Boim,  ]m7,  8,  71. 

^  "  Fevt'i,"  SmiVisotK  Cunirik  Kiww!.^  Wjutfiingtoti,  1880,  No.  367. 

'  Prf}C.  Eoij.  Siif*.  London,  1877,  vol.  xxvi,  p.  18^J. 

"  SL  George's  Mosp,  Mep.,  London,  1866^  vol.  i.  p.  283. 
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if  the  therijioiiieter  lie  wanned  by  the  hand  and  then  kept  under  the 
ton^ie  in  the  closed  ni<iuth  tor  eight  ndnntes,  the  iea<ling  is  the  same 
as  that  obtained  by  inserting  the  thernKiineter  in  the  urine  as  it  leaves 
the  body.  On  tlie  otfier  hand,  Crunibie  ^  fovuid,  its  the  retard t  of  com- 
parative exi^MBriments  in  whit^b  care  was  taken  to  obtain  accurate 
resnlts,  that  in  fifteen  siimdtaneous  idiservations  tlie  mean  ilitVerenee  of 
temp+rainre  in  the  month  was  O'li^  above  the  reading  in  tlie  a.Killa,  and 
in  thirty-H\e  deteriJunationH  the  mean  ditl'erenr  e  in  the  reetnni  was 
0'22  above  the  temperature  in  the  mouth.  A  nundter  ot  simidtane<nis 
observ^atious  made  h\  Tarkes  and  Wollowicz^  show  tliat  the  rectal 
temperature  of  a  liealtliy  man  may  be  0%'i  to  OG  Idglier  than  the 
tempemturo  in  the  axilla.  Gassot'' matlt!  comparative  observations  at 
ditTereot  limes  nf  tlie  iky,  with  the  following  reanlta : — 


MAS. 

WOMAM. 

Hme. 

Mouth. 

Axilla. 

Mouth. 

Axilla. 

lU'etuni. 

7  a.m. 

37^-06 

37*-78 

37' -0 

3r-8 

37^7 

2  p.m. 

37^*6 

37-3 

37'-6 

37'-3 

38-0 

9  p.m. 

37    i 

1 

37-12 

37-5 

37' %3 

37-8 

Oertmann  *  observe! b  when  the  thermometer  was  kept  in  thf*  axilla 
for  fifteen  minutes,  in  the  rectuui  at  a  depth  of  7  cm.  fnr  hve  mintdcs, 
and  in  the  stream  of  urine  bu'  five  secomls,  that  tlie  tempeiature  of  the 
urine  was  generally  equal  to  tliat  of  the  rertum,  but  bmr-tenths  of  a 
degree  higher  than  that  of  the  axilla.  Ten  simultaneous  ot^scn-ations 
of  the  temperature  in  the  mrnith  and  rectum  '^ave  an  average  dilFerence 
of  0*3:^  in  favnur  nf  thr  latti^r  {Uiniy  Jinuvier).-'  Aceunling  to  Lieber- 
meister,*^  tlte  reetal  tomperalur)*  is  0   1  to  0' 4  n\n\\v  that  of  the  axilla. 

Loraiti"^  maintained  that  the  tfuipeialure  in  the  recLum  or  vagina 
alone  represented  the  internal  temperature  of  the  body,  and  that  the 
rectal  temperature  was  -0'  to  '%^  idgber  tbiin  tliat  in  the  axilla.  The 
tigiireB  gi\Tn  by  Wmuieilieh  ^  for  the  mean  temperature  fif  the  rectum, 
mouth,  and  axilla  are  37"'^,  37 '^15.  and  :^«7  res]iectivcly.  Itedanb'*  on 
the  otlier  han^b  states  that  the  temperatvn'e  of  the  ruoutb  is  2''  liiglier 
than  that  in  the  axilla,  nnd  "3"  to  'G'^  lower  than  that  of  the  rectum, 
Xeuhan,ss^*  found,  as  tlie  result  of  forty  comparative  experiments,  in 
which  the  teuipjcrature  wan  observed  simultaneously  in  the  rectum 
and  in  the  axilla,  that  the  rectal  was  O'G  liiglier  tlia?i  the  axillary 
t/^m]perature. 

We  mny  take  as  uur  guidi^  the  averages  ubtaiui -d  frnui  the  resnlts 
of  different  oljservers,  and  euncliide  that  the  rectum  has  a  temperature 

"  Jwiiafi  Ann.  Mfd.  S^.,  Calcutta,  1873,  vol.  xvl  \u  558. 

'  /Voc.  Il&ij,  Sgc.  Liunimt,  18t{9-70,  vuL  xdji.  p.  M^. 

'TlU'sede  Pnris,  1H73,  qiiot^^d  fmni  REi  iM-t,  AVr.  srieut.,  l*rti  is,  1885,  touK*  \x,  \k  <3:J. 

^  Arch,  f,  fL  ffts,  PhmuJ.,  Hunii,  1S78,  Bd.  xvi.  S.  101. 

^/fri>/.,  18159,  Brl.  ii.  S.  387. 

«  '*  Haudbtidi  d.  VvLth.  u,  Tbemp.  di^s  FieWr.^,"  8.  44, 

'  **  iJi?  la  tc^Titueratiirp  'hi  rorpH  liuiiifiiTt/'   Vav\^,  1^77,  toinc  \.  yi,  13  L 

*  *'M(-f1irfi]  TiiennoriH'try." 

*  '"  Ettjd(^M  ill'  tliprnininrliii'  iliiiii|ut%*"  1S74.  ji,  'i<l, 
*''  Virdmw'H  Ardnt\  1893,  Hd,  cxxxiv.  S.  mh. 
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0''4  above  thcat  of  the  mouth,  uinl  tliat  the  difference  lietweeii  the 
temperature  of  the  axilla  ami  id  the  iiKnith  m  so  email  that  it  may  lie 
neglected,  esiiecially  nince  the  variation  is  not  constantly  in  favour  of 
the  one  or  the  other. 

The  temperature  of  internal  parts  in  animals,— Numerous 
observations  have  lrf*eii  made  u]h>u  the  temperatiirc  of  the  internal 
parts  of  iinimals,  either  during  life  or  iunnediately  after  death.  Some 
of  these  re-<sult8  are  now  given  in  the  following  tables:^ — 


AiiinmL 


Tcmpemturie  o(  Part. 


Dog 
Dog 


Lamb         J 
Jiiat  (leaH  \ 


Dog3  .   I 

Liamba         1 
(four)        I  \ 
just  dend     I 

Dog 

Lambs 
(three), 
just  dctftd 

Turkey, 
just  oeari 


Reetuni,  38'' 

Right  ventricle,  38''S 

Liver,  38  '2 

Stonmch,  38' 3 
f     Atjrta,  38' d 
^1  Portal  vein,  38' '8 
I  Rpctinu,  40    8 

Liver,  4 1  "4 

Lung,  iV'\ 

Right  ventricle,  41"'l 

Lett  yen  trickle,  41-7 

Blood  of  jugular  vein,  40'' "8 

B 1  otxi  of  c: a rotid  arte  vy ,  4 1  *  7 

BIocmI  in  aM  on  dual  aortii,  38' 3-38*  "6 

Rectum,  W,  40  ■«,  40*6,  40  '0 

Right    veutritlo,   40    8,    40-6,    lO'^S, 

ir-i 

Left  vpntriile,  41  '1,  4r -1,  41  '4,  AV'! 
Blood  of  jiigtdar  veiu,  40" 
Blood  of  ua  rot  id  artery,  40^*8 

/    Portal  vein,  40" '2 

\    Hepatic'  vein,  40  '6 

('  Brain,  40^  41%  40^-8 

I,  Rectum,  40^ '4,  40  '8,  4r'4 

CloacA,  4r^2 
Giz/jird,  4 2"  "8 
Pectoral  muscle,  42' '2 


Hunter.* 
ft 
>• 

Benmrd. 

i» 

Davy,' 


BAfUMMiiHill. 


Bernard,* 

Davy.' 

Davy,* 


Holiday^  finds  in  the  case  of  horses,  eows,  sheep, dogs, and  pig»»  that 
the  vaginal  temperature  is  generally  one-tenth  of  a  degree  lower  than 
that  "if  the  leetiim;  at  the  times  of  cestnim,  however,  the  vagina  often 
has  the  higher  tenijierature. 

The  temperature  of  arterial  and  venous  blood.— The  teni|>eratiire 
of  tlie  hluod  lias  attracted  eousiderahle  attention  for  many  years— 
first,  on  account  of  the  ancient  view  that  the  heat  of  the  body  waa 
produced  in  the  heart:  and,  secondly,  because  the  work  of  Lavoisier 
and  Crawford  tended  to  show  that  heat  was  produced  in  the  blood 
as  it  passed  througfi  the  lungs  or  other  parts  of  the  body.  More  re- 
cently, attention  lias  again  been  directed  to  this  question  by  Berthelot* 
who  shows  that  a  certain  amount  of  heat  is  formed  in  the  lungs  by 

^  The  r<^sults  of  other  observation!*  will  be  found  in  Rosenthars  article,  HermaUD^s 
'^Haudlmch,^'  Bil.  iv.  Th.  2,  S.  393. 

^  '*  Works,"  Palmers  tdilion,  London^  1837,  vnl,  iv.  p.  145, 

'  ^'Res<"an:hes/'  Lomlrm,  1831^  vol.  i.  p.  147  ;  PhiL  TrariA.,  London,  1811,  p.  590. 

*  Journ.  Phymi}l,,  (Jaiu bridge  junl  London,  1894,  vol.  xvi.  jh  3&1. 
'  *'  Lb^anN  iiur  la  rlud+nir  animale,"  li:^7tS,  p.  188. 

*  **  lieseareht's, "  Ltuidoii,  lS3y,  voi  L  p<  li»l*. 

^  VbL  Metord,  London,  1890.  vol.  viU,  p.  488.  *  This  article,  jn.  890l 
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the  combination  of  oxygen  with  haemoglobin.  The  numerons  results 
obtained  hj  different  observers  have  been  collected  liy  Bernard/  and 
are  given  in  the  following  tables  v — 

Table  I. 
Besidts  in  which  the  Arterial  Blood  is  wanymr  than  the  Venous. 


Author. 

Art«ri>l 
BIckmL 

V«noujs 
Blood. 

Differ- 
ence. 

AniiUEil. 

Part  Kxaminerl, 

Method. 

HftUer>  (1760), 

37"'2 

arn 

v-i 

■I 

t 

t 

Schwenke 

Cimwfard3(1778) 

38^-8 

37' 5 

1^-3 

Slieep. 

Carotid  artery,  jiig- 
;ikr  vein. 

Theriuometer 
placed     in 
blood    col- 
lected. 

Krimer  (1823) 

38^-18 

37  ':20 

o'-ss 

Man. 

Tem^ionil      artery, 
Jugular  veijK 

Tliermonieter 
in    jet    of 
blocKl 

37''-5 

36" -6 

0=''9 

Womau. 

i) 

^, 

37*-2 

36" -3 

o-'-s 

Man. 

Amputation  of  arm, 
hrachial     artery 
aiKl  vein. 

»' 

Scfidamore^   , 

37"'? 

36''-6 

1*1 

Slieep. 

Carotid  artery,  jug- 

11 

(1826) 

ular  vein. 

36^-1 

36°  "5 

0^  a 

Man. 

TemiHirrtl     artery, 
vein  of  flfiu. 

1) 

Saiaay*  (18(18) 

38* -5 

38-0 

O^f. 

5fariuot. 

Kij^ht    and    left, 
veutrirle. 

I  neision  of 
heart* 

36^*5 

3«  -0 

o^■^^ 

Hedge- 
hog. 

" 

- 

88-0 

37   5 

0  'i 

Sqiiirrtl. 

Experiuients 
on  two  ani- 
mal H  eoni* 
J  tared. 

8r'4 

31    0 

0-4 

Bat. 

J* 

f  1 

J.  D«vy«{1815) 

40"  0 

39^-1 

0^9 

Laiiilp. 

Carotid  (irtery,  jug- 
ular vein. 

One  tiienuo- 
meteriuvein, 
another  in  Jet 
of  arterial 
blood. 

W-5 

40" -0 

0'-5 

»i 

,, 

jt 

40" -5 

40=0 

0^-5 

»» 

,, 

M 

40*" -5 

3r-7 

0-8 

(1 

M 

11 

40' -5 

40^^*0 

0^-5 

11 

»l 

M 

40" '2 

W'7 

0-5 

Ewi^ 

t» 

1 » 

40^-0 

ar-i 

0^  9 

i» 

„ 

It 

40^-0 

3r"4 

0-6 

Jt 

IJ 

38- -6 

37^-7 

0    D 

Ox, 

M 

H 

38= -3 

38^-3 

0    f^ 

?» 

11 

♦  1 

Kiis»eMia*3) 

4r"l 

40*'8 

0"-3 

Lanil>. 

RicrUt    and    left 
vetitriclp  ;   great 
imestiiie,     40*0 

Aniniala  just 
dtad,  eh est 
opeoed,  ven- 

4r'l 

40  -5 

0'^6 

*i^ 

40^-5 

triclea  in- 

4ri 

iO'^-S 

0'-3 

ti 

40^*5 

ei.sciL 

42'"-8 

4r*25 

l"-55 

f 

,, 

»j 

4r"8 

40^*6 

1**'2 

f 

»t 

II 

42' '5 

4r'25 

r'25 

t 

t* 

f  1 

[CoJifitiWd  Oil  ifi'Xt  }mijn. 


*  "Lc^ns  8ur  la  chaltur  aniniak'/'  1876,  [>.  40  d  srq. 

*  '*Elemeiita  Pliy.sinl.,"  1760. 

*  *'Experin>unts  and  Dltservation.-*  ou  Aninml  Hpat,  "  Loudon,  1779, 

*  *'An  Essay  ou  the  HlootJ/'  London,  182 i. 

*  *'Reeherc"beH  ex^ieriuientalpH/'  etc.,  MariK,  1808,  p.  69. 

*  Phil.  Trans.,  hinuUm,  1814. 

'  JiheinL'ich,  n.   W^sfphaL  Corrotp&juienzbL ,  1843,  1844,  184:'!. 
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Table  I.^ — -eontinned. 


Author. 

Art«ml 
Blood. 

Venoufi 
BJooct 

Differ- 
ence. 

Animal* 

Part  ExftTuined. 

ittfthod. 

Bocqiierel     and 
Brescheti 
(18S9J 

Dog. 
It 

Aorta  whtre  it  l«ft 
heart  j     inferior 
V4  ni|  uava  where 
it  entered  heart. 

Cnirdl  artery  and 
vein. 

Caroti<l  arterj,  cm- 
ral  vein. 

Tlienno  -  elec- 
tric iie«4ile% 
chestoj«?ii«d 
in     animals 
,  Jtiat  dead. 

•* 

38^-90 

w-0 

O*-0O 

1. 

Crural  avterijf   and 
ju«iultir  vein. 

»> 

Table  IL 
EmultB  in  whwh  the  Vptious  Blood  is  taarmrr  than  (he  Artet^ud, 


Anthor. 

Arterial 
BloocL 

lllood. 

mfler- 
eiice. 

AniuiaL 

Pari  Examined. 

Method. 

Berger  >  (1833) 

40'*90 

4r-40 

0^*50 

Sheeji. 

Right    and    left 
ventricle. 

Not  stated. 

Collard  ih  Mat- 

l'*0 

Dog. 

»i 

Animal  josi 
dead  ;  cbest 

t  i  ^ni  v,^  and 

M  a  I  g  a  i  g  11  B 
(1S32) 
Maf^enditi  and 

jmrtly  open. 

HoT»e. 

Right    ventricle 

Animal  alive ; 

f'lande    Ber- 

warmer    than 

circulation 

nard  (1S44) 

left. 

not  inter- 
niptwl. 

Claude    Bernard 

... 

,, , 

Dog. 

Inferi^jrveimcava 

Atiiirml  alive ; 

(1849) 

at  level  iif  liver 
warmer     than 
aortii. 

thermometer 
intTodncedby 
the  alidoiiieo. 

Hering<(1850) 

as  '77 

39 -ao 

O'-fiS 

Calf  with 
ectopia 
uf  heart. 

Right    and     lelt 
ventricle. 

InciHionofven- 
triclea. 

G.Lipl>i^M8G4) 

•M-d2 

3r^35 

0°'3 

Dog. 

IP 

Animal  alive  ; 
cimiUtion 
nut  inter- 
nip  ted  ;  tber- 
mometers  in- 
troduced by 
vesseUofneeIc 

;  Cliuide    B<^rnAnl 

WR'^O 

38^-2 

0^-2 

Dog. 

i> 

It 

(IS57) 

)^r-^ 

39^-5 

0--2 

II 

ft 

«f 

sr-j 

39'-2 

0^-1 

11 

38* -6 

38^-8 

0^2 

i  J 

If 

tt 

38'^-5 

38'7 

0"'2 

1 1 

fi 

ji 

38^^6 

38^-8 

0^-2 

$9 

89"'l 

39' -2 

0^-1 

^> 

tj 

38 '7 

38' -y 

0^-2 

tt 

ti 

38' -8 

38-9 

0^1 

If 

ft 

•1 

39--2 

39" -4 

0''2 

tt 

VI 

«« 

40   12 

40^-37 

o^'sr* 

Shetp. 

II 

•» 

3&'&2 

40^-32 

0-40 

It 

$i 

II 

39  T.S 

39' -60 

0-02 

It 

II 

40^-24 

40-39 

r-15 

ff 

11 

3r-fi8 

39'-87 

0^^*29 

11 

It 

II 

40' -09 

40-48 

0'-39 

f* 

If 

II 

'  Ann,  d,  st,  nat^  Paria,  "Zool.,"  Svr.  2,  tomes  iii.  and  iv. 

-  Ali'm.  Soc.  (k  pJofK  d  tlhUL  imf.  lie  f Entire,  1833,  t^nie  vi.  p.  353. 

^  Jmtrn,  nmi/'L  d,  **,\  m/t/,.  Pari;*.  1832,  toni*'  xliiL  p.  3S6. 

*  Jrdi.f.  phifsiof.  fLifk.,  Stuttgart.  1H50. 

^  *•  Ue^i^r  (lie  Temjiemtnrnnterschiedp  deg  venoden  iind  arteriellen  Blutca,"  GJMKii.  I8$SL 
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It  will  be  seen  from  the  two  taldea  that  the  results  lead  to  directly 
opposed  conclusions,  but  ii  critinil  exitioi nation  sliows  that  tlie  correct 
one  is  probably  that  the  blood  in  the  right  ventricle  is  O""*!  to  {f*2 
warmer  than  that  in  the  left.  In  many  of  the  older  experiments  the 
niethods  were  inexact,  the  chest  was  tjpencd  an<l  the  heart  exposed ; 
the  right  %'eotricle,  on  acconnt  of  its  thin  walls,  would  cool  more  qnickly 
than  the  left,  as  &?hown  experimentally  by  G.  Liebi^.  The  most  exact 
method  appears  to  be  the  insertion  of  ilelicate  thermometers  or  thermo- 
electric neeilles  dtnvii  the  jugular  vein  and  the  carotid  artery  into  the 
right  and  left  ventricle  respectively.  This  method  was  employed  by 
Heidenhain  and  Korner^  in  nutnerous  experiments  upon  dogs,  with  the 
result  that  in  all  but  one  <if  the  obsenations  the  right  side  of  tlie  heart 
was  warmer  than  the  left.  T!nis  in  one  case  the  ihllerence  was  *(>", 
in  two  '5"*  to  *6^,  in  three  "5  ,  in  five  ■3'  to  -4^  in  twenty -seven  "2°  to  "3°, 
in  thirty-sLx  '1  to  2^  in  twenty-one  15^  in  i>n(*  case  no  ditlerence  at 
all  To  determine  whether  the  inspinttinn  of  euld  air  was  the  cause  of 
thLs  difference,  Heidenhain  and  Korner  made  comparative  experiments, 
employing  for  artificial  respiration  in  the  one  case  cold  air  (17),  and  in 
the  other  hot  ah-  (40')  satnratiHl  witli  moisture.  The  diiferem^e  still 
remamed,  and  it  was  there  fort?  eonclnded  that  respiration  was  not  the 
cause;  qo\\\  air  when  inspired  is  warjiied  antl  satnnited  with  moisture 
before  it  reaches  the  alveoli  ;  -  furtlierp  in  passing  through  the  npjier 
parts  of  the  respiratory  tract,  tlie  cold  air  would  cool  the  bluod  in  veins 
going  to  the  suj-ierior  vena  cava  and  thus  to  the  right  side  of  the  heart. 
These  observers  conclude  that  in  the  dog  tlie  right  veutricle  is  warmer 
than  the  left,  because  its  walls  lie  nearer  to  the  liver  and  other 
abdominal  organs,  which  have  i\  higli  tomperature.  while  the  left 
ventricle  is  surrouiuled  by  lung.  It  was  found,  in  fact,  that  the 
diffcrenee  in  temperatur<"  cmdd  In-  reduced  In  n  annus  quantity  tiy 
artificially  lowering  the  temi»eratuie  of  tlie  idKlomiiuil  cavity,  Bernard 
does  not  accept  this  exphtnatirtn  as  satisfactiny:  for  he  points  out  that 
in  Hering's  observation  the  rig!it  ventricle  was  half  a  degree  wamier 
than  the  left,  although  the  heart,  owing  to  a  congenital  defect,  was 
outside  the  thorax. 

The  tamperatur©  of  th©  skin. —The  temperature  of  the  Inuuan  skin 
shows  differejices  in  didereut  jmrts  of  the  body,  and  is  also  subject  to 
variatirins  tlue  to  alterations  in  the  external  tem]tcratnre,  the  amount  of 
natural  or  artificial  cr>vering,  the  vascnlarity  of  the  jiarts,  and  the 
amount  of  evajionitinn  taking  yhin-  from  ttie  surface,  Ajaart  fnun 
these  variations,  there  is  a  ilitlii'uhy  in  measuring  ac<!urately  the 
temperature  of  the  skui ;  a  mercurial  thermometer  ajiplied  to  the  skin 
receives  heat  from  the  surface  in  cnnlru-t  with  the  skin,  and  liises 
heat  from  the  surface  exposed  to  the  air.  If,  on  the  other  hand, 
the  thermometer  is  covered  witii  a  mtn-couductor,  or  the  external 
temperature  is  raised,  then  the  heat  uf  the  ]nirt  of  the  skin  observed 
is  increased.  To  overcome  tlicsc  diflicuUics,  thermo-electric  methods 
have  been  used.^ 

The  disadvantages  of  t[icse  thernM Koleci ric  methods  are  the  comjdexity 

'  Ardi.f,  (L  tfrs.  PhjfyioL,  noiiii,  If^Jl,  iU.  iv.  S.  .'>.^j8. 

*  See  "Cheiiibtry  o[  RrH[iimtioE."  tliis  Text  ^njiok,  vol.  i,  p.  754. 

'  Chri5)lia!ii  and  Kroii*-rker,  J  reft.  j.  JittmoL,  L«ip/i^,  187f^,  S.  334:  Kunke],  ZUrhr,  f, 
Bif4.,  Miinchiii.  1889,  Jid  xxv.  8,  55;  Many,  Virrhoti'A  ArrhiVr  bd.  cvli,  S.  ]7,  2G7  ; 
Ueigel,  Vtrhmidl.  rL  phy/^.-ttutd.  fit:sdhch,  iix,  W iirzhnrtj^  1888,  N,  F.,  Bd.  xxii.  S,  8  ; 
Stewart,  Stud.  Physiol  Lab.  Owem  Coll.,  Manchester,  189],  vol.  i.  p.  100. 


830 


ANIMAL  HEAT 


of  the  apparatus  re<|iure(l,  the  iit^cemity  of  graduation,  and  the  time 
taken  in  observation.  Riyliss  and  HilP  founcl  that  the  wire-resistance 
thermometer^  could  not  be  employed  for  the  investigation  of  changes 
of  temperaturu  in  a  warm-bhxided  animal:  the  slightest  movements,  as 
tliose  of  artificijil  re«piriition,  in  the  cnrariscd  animal  producing  defiec- 
tiona  of  the  galvanometer.  A  riat  mercurial  thermometer,  on  the  other 
hand,  is  eaailj  applied,  and  furnishes  comparative  data  of  conjsiderable 
value.^ 

Some  of  the  earliest  experiments  with  mercurial  thermometers  were 
made  by  J.  Davy,  who  obtained  the  following  results,  when  the 
temperature  of  the  room  \\\m  2V : — 


Sole  of  tliii  foyt    . 

32-2 

Middle  of  the  rectus  femoris 

32' 78 

lietween    internal    malleukis 

Groin 

.     35"'84 

and  tenilo  AchilUa    , 

33^  "89 

One  inch  below  navel  . 

35-00 

Mid-Ik^  uf  tibia     . 

33^06 

Left  aixth  rib  over  heart 

.     34^-44 

Middle  of  calf 

33' -89 

Right  sixth  rib    . 

33*^89 

Bend  of  the  knee 

35^  "00 

Axilla  (closed) 

36'-67 

Middle  of  the  thigh      . 

U^U 

Kunkel  *  used  a  thermo-eleetric  method,  which  w*a8  exact  Ui  about 
0  -1,  and  obtained  the  frjl lowing  results  for  the  temperature  of  different 
parts  of  the  skin  of  a  healthy  muscular  man,  ^^5  years  of  age,  179  cm. 
in  height,  and  84  kilos,  in  weight.  The  temj>eTature  of  the  room 
was  20^ :— 


Forehead 

^ 

34 -1-34 -4 

Ann    .... 

.     34'3 

Over  lualar  l>one    . 

, 

.     34"-l 

Sternum 

,     34 '-4 

Cheek  nnder  malar  bone 

.     34'-4 

Over  pectoralis  major  . 

.     34°-7 

Lobe  of  ear    . 

. 

.     28--8 

Over  heiirt  . 

.     34"-6 

Back  of  hand 

, 

3'2"-5-33'-2 

Right  iliac  fossa  . 

.     34*-4 

Palm  of  hand  (closed 

for 

Bomc 

Left        „ 

.     34*-6 

time) 

. 

34"-8-3n'l 

Back,  over  sacrum 

.    34*-2 

Palm  of  liand  (open) 

. 

34'-4-34'-8 

„     over  ribs    , 

.     34*-5 

Wrist    . 

, 

.     33'-l 

Buttock 

.     32"-0» 

Forearm 

.     33'-7 

Thigh. 

.     34'-2 

„        upper  part 

.     34-0 

Calf    .... 

.     33*-6 

Experiments  were  also  made  u}»on  the  etlfect  of  exposure  to  cold. 
Thus,  after  the  man  lightly  clothed  had  taken  a  walk  for  half  an  hour 
in  a  cold,  sliarp,  north-east  wind  (-5  ).  tlie  following  temperatures  were 
observed — face,  27''*7-28"7 ;  back  of  hand,  24'"7 ;  chest  and  aljdomen, 
32'''1 ;  arm,  30'7-or'i  :  but  after  he  had  remained  for  forty  minutes  in 
a  room  at  15%  the  face  had  a  temperature  of  ^54*6,  the  back  of  the  hand 
31''2,  and  the  abdomen  :\:V'9, 

Working  the  musele.s  of  one  arm  raised  the  temperature  of  the  skin 

^  Journ.  Plnj^iol.^  V\im\mdge^  nud  LoikIijiIj  1S94,  vol.  ivi.  (1,  352, 

^  Ronestoti,  /Hti.»  18^*0.  vol.  xl  j».  208. 

J  Davy,  Phil.  Tmn.'i.,  Londnn,  18U,  vol.  dv,  p.  590;  "  RcscaiThes,  '  Loudon,  1839, 
vol,  i.  |J.  150;  Alvareiij^,  **  PreLia  ik-  tbermoiin^trie  clinii|uc  g^n(5rale,"  1871,  p,  46; 
WaUer,  ^' Proc;.  PIiyi*i«>L  Sot;./'  Journ.  PfnjsloL^  Cam  bridge  and  London,  1894>  vol.  xr, ; 
Hak  WlsUr.  Cruyiiian  Lwtnves,  Lave^t,  London,  June  l&th,  1897,  Brit.  Med,  Journ., 
London,  1  Si*7,  V'sl.  L  \k  UrM  \  IVnibrey,  *' LVoc.  IMiysioL  Soc,"  JtJttm.  PhysioL,  Cant- 
bridge  and  London  ^  1897,  vol.  3cxi. 

*Ztschr./.  BioL,  Munchen,  1880,  Bd,  xxv.  8.  55. 

^  This  low  riading  Kunkel  attributes  to  the  loss  of  lieat  by  conduction  when  Ihe  mma 
was  sitting  down. 
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of  that  imrt  abf>ve  34\  whereas  tlie  ttjun^erature  uf  tlie  al>dnmen  was 
only  32  "5,  The  highest  t€Ut|)e ratine  observed  in  health}'  men  was 
35''6,  on  the  skin  of  the  face. 

Kunkel  concUidea  from  hi^  uhservations  that  the  temperature  of  the 
human  Bkin  is  ahuost  constant,  and  that  the  tempemture  of  the  hody  is 
regulated  to  a  very  flight  degree  by  changes  in  the  teiuperature  of  the 
skin. 

The  Hegulatiox  of  Temferatuhe. 

Inasmuch  as  the  coiistaucy  uf  temjierutiire  varies  in  different 
animals,  and  even  in  the  same  animal  under  different  cnuditious,  8ueh 
ai3  age  ami  hil>eruation,  so  also  variuus  grades  of  perfection  are  observed 
in  the  power  of  regulation.  In  man  tins  power  is  so  greatly  developed 
that  his  temperature  Is  almost  the  same,  wti ether  he  lives  in  the  Arctic 
r^ioos,  with  an  external  temperature  50"  below  zero,  or  in  the  Tropics, 
where  the  temperature  of  the  air  may  be  as  high  as  48'.  For  Blujrter 
periods  a  man  can  remain  in  a  room  lieated  U\  VIV  without  the 
temperature  of  his  body  rising  above  the  TRuniaL^  Other  mammals 
have  a  less  perfect  regulation,  as  shown  by  the  greater  variations  of 
their  temperature. 

In  young  iimuature  mammals  and  birds  the  power  of  regulation 
is  imperfect,  for  when  they  are  exposed  to  cold  their  teniperatnre  falls, 
and  they  pass  into  a  condition  in  which  they  resemble  the  cold-blooded 
animals,  their  temperature  rising  and  falling  with  that  f»f  their  eur- 
roundinga  A  similar  imperfectiiui  in  regulation  is  seen  in  some 
mammals  during  hibernation.  Lastly,  in  the  so-called  cold-blooded 
animals,  there  are  various  grades  in  tliis  ciipaeity  for  regulating  tempera- 
ture, as  is  shown  by  the  high  temperature  of  bees  in  winter,  when  com- 
pared with  that  of  most  of  tlie  lower  animals,  in  which  there  is  a  mere 
trace  of  regulation. 

Even  in  those  warm-blooded  animals  which  jiossess  a  perfect  power 
of  heat  regulation,  there  are  limits  to  this  power.  If  the  animal  be 
exposed  to  excessive  cold,  the  loss  of  heat  is  great,  and  only  within 
certain  limits  cjin  eompensiiti^ui  be  effected  by  an  incre^ised  produc- 
tion of  heat.  When  compensiition  fails,  then  the  animars  temperature 
falls,  its  bodily  and  mental  activities  are  diminislied,  and  it  passes  into 
a  sleepy,  unconscious  cfujdition  which  emls  in  death.  Such  a  condition 
is  observed  in  men  or  animals  before  they  are  "  frozen  to  death." 

On  the  other  hand,  extreme  heat  can  only  be  resisted  within  a 
certain  range;  the  production  of  heat  in  the  body  can  l>e  dinnuished, 
but  not  suspended  i  tlie  loss  of  heat  can  l>e  greatly  increiised  by  sweatiiig 
and  by  a  greater  exposure  of  lilood  in  the  vessels  of  the  skin,  but  if  the 
air  be  of  a  temperature  equnl  to,  or  nearly  equal  to,  that  of  the  hody, 
and  greatly  laden  with  moisture,  then  the  loss  of  Iieat  is  slight  or  even 
suspended.  Under  such  circumstances  the  internal  temperature  of  the 
auinuil  rises  rapidly  to  a  ]»oint  inctmipatib!e  with  Ufe.  Tlie  extremes 
of  heat  and  cold  which  can  lie  home  withfuit  injury  to  life,  have  already 
Iteeo  discussed. 

The  mean  temperature   of   the    higfier   animals   is    fairly   constant 

under  very  great  differences  of  external  tenjperatme,  and  to  maintain 

such  a  condition  the  loss  and  the  production  of  lieat  must  be  almost  etpial 

That  there  is  no  perfect  eqvudity  baa  already  been  shown  in  the  daily 

'  Bladgen,  FhU,  Tram,,  Loiidmi,  IFTfs  vol.  l.itv,  \k  iM.     Tli is  article,  p.  SI 4, 
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variation  of  the  teiniierature  of  tbe  body,  in  the  rise  uf   tempemtiire 
ob8erve{l  after  exercise,  and  during  residence  in  tropical  climatea 

The  reojulatioii  of  temperature,  thereft)re.  embraces  two  proeeHses— 
regulation  by  varying  Iobs  of  heat,  regulation  by  varying  production  of 
heat. 

The  regulatioB  of  heat  production.— In  coiisidering  the  regulation 
of  heat  production,  it  m  neeenaary  to  trace  out  brietly  the  vsriouB 
diHCoveriea  which  have  estabhshed,  aa  a  fact,  that  animal  heat  is  thie 
to  combustion  within  the  tissues. 

Historical  account  of  facte  and  theories  upon  the  sources  of 
animal  heat.' — The  au<  it-uU  (ouBidi'nMl  animal  heat  U\  he  heyouil  the  reach 
of  phyfiical  mid  rhemicul  la%v8.  They  could  assign  no  cause  for  it,  and  there- 
fore looked  upon  it  as  i^ouie  iiumte  (juahty,  something  essentially  *' vital" 
This  "vital"  heat  was  siijiiKJsed  U\  be  runcentniteel  in  the  heart  (Plato,  Aris- 
totle, Galen),  and  to  he  tlistributed  tn  the  bidy  by  the  bh>(n!  iij  the  veins.  It 
was  previ^nted  from  accuiuu luting  by  reH|iiration,  the  chief  fuaetiuu  of  which 
was  to  cool  and  tetujM^r  the  blood. 

As  knowledge  in  pliysicid  ami  I'heuiiral  [nueesseH  lUtTeiiStsl,  attempta  were 
made  to  give  a  rational  exi)lanatn>ii  of  aiiiTual  heat.  It  Wii3  well  known  that 
heat  arose  during  feriiieiiyitinii,  auil  by  the  eontat-t  of  acid  and  l>ase  ;  animal 
beat  was  therefore  coji.sidered  t*>  arise  by  some  similar  prouess  *>r  proocfleei 
taking  jtlaee  in  the  bhitxh  Willij;,-  abmit  the  year  1670,  ])ut  forward  tlie 
theory  that  there  is  in  the  bloud  a  nanbustiou  whieh  depends  iijmhi  the  fer- 
mentation ex(uted  by  the  ciaidiiriali^Mi  <jf  diderent  ehendeal  substances.  Fric- 
tion was  annthf-r  well-ku(>wn  Sduree  of  heat,  aud  was  tbe  exi»knatifm  given  by 
Boerhaave;^^  he  mnsidered  that  animal  heat  was  due  t*i  the  friction  «if  the 
blouil  corpuscles  in  the  vessels.  Stephen  Hales  ^  ailr»pted  this  theory^  and  gave 
certain  exi>eriments,  whi<^h  he  th«aight  sut»ported  it 

A  niurh  more  correct  <fpinion  hail  already  been  formed  in  1674  by  Mayo w,* 
who,  after  his  ex[ieriuients  on  the  constitution  of  air  and  its  relation  Ui  the 
heat  of  combustion,  »^\icll(Ied  the  analogy  of  ceini!mstitin  t^*  animal  heat.  He 
held  that  the  fun*  tinn  of  the  Inngs  wa&n  not  to  ctnil  the  Mood,  but  to  enable 
that  fluid  to  aVjsnrb  the  nitro-aerial  giis  (oxygen)  of  thi'  air,  and  ^o  generate 
heat 

Later  research  has  shown  that  tln^  beat  of  living  things  is  not  due  to  any 
mystical  so-called  "vitJil"  force,  Vnit  to  the  processes  of  combusti*»n,  which 
form  one  of  the  most  importiinl  phenomena  of  life*  The  different  ste^is  by 
which  this  knowledgf^  lias  been  attained  are  found  in  the  discovery  of  Black,^ 
that  carbon  dioxide  was  jaoduced  in  animals  by  a  ]irocess  of  combustion  ;  in 
the  work  i)f  I^voisier"  ami  Crawford,*^  who  showed  that  the  heat  of  an  animal 
might  he  accounted  for  by  the  processes  of  combustion  ;  in  the  researches  of 
Dulong^  and  Despretx,^^  whose  results,  when  critically  examined  and  explained 
by  Liebig,^^  formed  an  inifjortjint  support  for  tlie  law  of  the  conservation  of 
energy, 

^  Afcoauts  ijf  tilt' olil  tli^ories  will  be  fimiid  m  C,  Bostock,  "Essay  on  Hesplrtttott  " ; 
*'An  Eli'iiJ<-ntary  ISvatem  of  Piiy«ioIogj%"  2iid  editioD,  1828,  vol  li.  p.  243:  GaTairet, 
'*Dc  Ift  chalmir  pnxluitc  par  tea  fitres  vivant^/*  Pam,  1855;  and  **  Lea  pltpiiom^nes  phy- 
si*|ue3  de  In  vie,*'  Paris,  18fi9  ;  Lorrdii,  **D«  U  teiuperatiire  du  corps*  hiimain/'  PunVf 
1877,  vol.  i.  ]>.  3J1 ;  Rubncr,  Zt4irhr.J\  Biol.,  MUmlicn,  IB93-94,  B«l  xxx.  S.  73. 

-  '*Dc  Acceu-Hione  Saiiguinis,"  ^  *' Apbor.  cum  KotiH  Sweitrti,"  pp.  S82,  675. 

*  "Sutical  Essays,"  tix<\  t'dition.  1733,  vol.  ii,  p.  90. 
^  "Tractfitufj  Quinqm\"  Oxnrui,  \^1\. 

*  "  Lectures  mi  ChcuuHtry/'  cditwl  by  Robiwon,  Ediulnirgli,  1803. 
'  Hvd.  A  I' fid.  rmj.  fh  xr. ,  Piiris,  1777. 

**'Dfi  calure  Annrirtli/'  1779;  "Experiments  Aud  Olwervationa  on  Antmal  Heftt,'* 
1783. 

*  Ann.  fie  rhim.  rtphifs.,  Paris,  1813,  Si'r.  3,  tome  i,  p.  440. 

»<'  Ibid.,  1824,  S*Sr,  :!,  touie  xsvi.  ]k  337.  "  "Thierchemie,*' S,  28. 
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Helmholtz,  Ludwig,  Pfliiger,  and  others,  by  their  investigations  upon  the 
production  of  heat  in  nmsrle,  glamls,  and  other  tii^siiei?,  and  their  determina- 
tions of  the  respiratory  exchange  of  animal?,  have  indicated  where  and  how 
heat  is  produceiL  Finally,  the  exact  determinations  made  by  Kubner  ^  upon 
heat  produetion  and  metabolism  have  proved  that  chemical  change  ib  the 
cause  of  aninml  heat.  Simultaneous  determinations  of  the  exehange  of 
material  and  the  production  of  heat  in  dogs,  under  different  conditions  as 
regards  diet,  were  mafle,  and  the  results  show  that  the  heat  of  combustion  of 
the  food,  as  determined  in  a  calorimeter,  is  equal  to  the  heat  given  otf"  hy  the 
ftnimal ;  in  fact^  the  animal  must  be  looked  upon  as  a  living  (calorimeter,  in 
which  the  food  is  burnt.  The  results  are  so  exact  that  they  prove  the  con- 
servatioo  of  energy  in  a  vital  proeei^s. 


Condlcion  of  the  Anisui]. 


Faatiug 
Diet  of  fat    . 
Diet  of  fleab  and  fat 
Diet  of  flesh 


Heat  u  Calculated. 


Heat  ai  found 
by  CaloiimcUir. 


1296  3  i^al. 
1510-1  „ 
2492-4  „ 
4780*8  „ 


1305 -2 

1495 -a 

2488-0 
4769*3 


Percentage 
Dlff«r«acti« 


+  0'69 
-0*97 
-0*17 
-0'24 


The  above  figures  only  give  some  of  the  results,  but  the  mean  of  all  the 
experiments  shows  that  the  amount  of  heat,  as  determined  directly  hy  the 
animal  calorimeter,  is  only  0'47  piT  cent,  less  than  the  aincjiint  as  calculated 
from  the  heats  of  combuNtion  of  the  different  substances  which  have  been 
decomposed  in  tlie  aniniars  body. 

The  Relation  of  Chemical  Change  to  Heat  Production, 

A  consideration  of  the  law  of  the  conHervation  of  eneigy  leads  to  the 
conclu«ion  that  the  Bole  cunse  of  animal  heat  iw  u  eheniical  process,  a 
combustion  of  food  aubstanceK  by  the  oxygcti  taken  in  by  the  animal ; 
as  just  mentioned,  the  experimental  proof  of  this  cotiehLsiun  has  been 
recently  given  by  Enbner.  The  chenncal  energy  of  the  ingeeta 
manifests  itself  duetly  in  two  forms,  heat  and  motion. 

In  this  connection  it  is  important  to  consider  the  heats  of  combns- 
tion  of  the  varioii.*^  ^substances  which  form  part  of  an  animal's  l>ody  or 
food,  for  it  will  thereby  be  possible  to  determine  indirectly  the  amount 
of  heat  produced  by  an  animaL  A  given  amount  of  chenuca!  action  is 
accompanied  by  the  production  nr  the  absorption  of  a  definite  quantity 
of  heat  The  accurate  determination  of  thia  quantitative  relation  is 
beset  with  considerable  difflcultiea,  for  the  chemical  changes  in  the 
complex  substiincea  of  animal  tissues  (jr  food  are  rarely  simple,  and  are 
accompanied  by  phyBical  changes,  which  have  to  be  measmed  and  taken 
into  account  before  the  amount  of  he^at  due  to  I  be  chemical  change  can 
be  estimated  Chemical  decomposition  is  attended  with  the  absorption 
of  a  quantity  of  heat  wjual  to  that  %vhicb  would  be  evolved  by  tlie 
combination   of   the    siime    chemical    Hiibstanccs.-      Tlierefore,   in    the 


'  ZUihr.f.  Biol,,  Miincben.  1S&4.  BcL  xxx.  S,  i:jr^ 

*  Fane  and  Silbermanii,  Ann.  tie  chim,  ct  phjx.,  Paris,  1S42,  S*^r.  3,  tome  xixiv. 
p.  357  ;  Woods  J  Lonchn,  £dinburijh,  ami  IhiMin  PhiL  Mftg.^  London,  1851,  vol.  ii.  ji,  268, 
18S2,  vol.  IV.  p.  370  ;  Joiilp,  ibuil,  liSLi2,  vul.  iii.  p,  4i*l. 
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estimation  of  the  productioa  of  heat  during  a  complex  chemical  change, 
involving  combination  and  decomposition,  it  is  only  necessary  to 
consider  the  tirst  and  final  conditions  of  the  substances,  whatever  may 
have  l>een  the  intermediate  stages,^ 

The  determination  of  the  beat  produced  or  absorbed  by  chemical 
change  is  made  \\\  enclosing  the  acting  substances  in  a  chamber  sur- 
rounded by  water  or  mercury,  the  rise  or  fall  of  temperature  in  which 
indicates  the  amount  of  heat  produced  or  absorbed,  as  the  case  may 
be.2 

The  heat  of  combustion  of  substances  of  physiological  interest  haa 
been  determined  by  various  c^bservers;^  the  following  table  gives  the 
values  of  some  of  the  most  important  substances : — 


SubitdUkoe, 
1  gmu  (drj). 

Me&tol 
Combutftdon, 

Authority. 

Substftnce, 

Ue&t  of 

CombuitioiL 

AyfJb(vriif. 

Hydrogen     . 

33,881  cal,* 

Aiidrewa. 

Casein .     .     . 

6,855cal. 

Danilewaky. 

1^            • 

34,662  ,, 

Favre  and  Sil* 

II      •     *     ♦ 

5,867   „ 

Stohmaun. 

l>ermann» 

It      •     •     * 

5,849  „ 

11 

Carbon      .     . 

7,900  ,, 

Aiidrew.H. 

Cows'  ndlk    , 

5J33  „ 

Danilewaky, 

,,      Wood- 

Is.oso  .,  1 

Favrc  and  Sil- 

Women 'a  milk 

4,887  „ 

charcoal 

bi^nuann. 

Fat       ... 

9,686  „ 

11 

Cheese .     .     . 

6,1H  „ 

Frankland. 

It        ... 

9,423  „ 

Rnbnur. 

Potatoes   ,     . 

3,752  ,, 

%\ 

Dextrose  .     . 

3,939  „ 

Recbenbeig.* 

II         •     ' 

4,234  ,, 

Daniltwaky.''* 

Maltose     .     . 

4,163  ,, 

f* 

Lean  Wf .     . 

5,3i:i  ,, 

Frank  land. 

Milk  augar    . 

4,162  „ 

t» 

,1                       m            , 

5,724  ,, 

Danilewsky, 

Stawb .     .     . 

4,479  „ 

,,                       .            < 

6,641   „ 

St^hiuann.* 

ti      -     ■     ■ 

4,182  „ 

Stohmann. 

T  »                   ■           • 

5,656  „ 

Riibner,' 

Cane-sogar    . 

4,176  „ 

Danilewaky. 

White  of  egg 

4,896  „ 

Frank land. 

(Jlycof?€ij  .     . 
Cellulose  .     . 

4,190  „ 

Stohnjann. 

Yolk  of  egg    . 

6,460  ,. 

!» 

4,185  „ 

Tt 

Butter      .     . 

7,264  ,, 

Ij 

Urea     ,     .     . 

2,537  „ 

Danilewiky. 

Breid  cnrnib. 

3,984  ., 

'1 

II        >     •     • 

2,537  „ 

Stohmann. 

Blood  fibrin  . 

6,772  ,, 

Danilewsky. 

2,525  „ 

Berthelot  and 

\r 

6,037  „ 

Stohniannr" 

Petit. »»          ! 

Peptone    .     . 

4,876  „ 

Danilewskj. 

M                ^           .          ♦ 

2,623  ,. 

EubnerJ           | 

*»          .     . 

5,298  „ 

Stfjhniaiin. 

Uiio  acid  ,     . 

2.741  ,. 

StobnmziiL. 

Serum  albumin 

5,B17  ,. 

u 

Hippurin  acid 

5,678  „ 

1} 

HEemoglobin , 

5,885  „ 

.. 

Faeoea  .     .     . 

4,479  „ 

Eechenberg. 

The  above  table  shows  that  the  different  foodstuffs  have  different 
values  as  prodiicerB  of  heat,  and  from  these  it  is  possible  to  calculate 
the  phvsiciil  value  of  one  kind  of   food  in  terms  of  the  othera     The 

1  Hes??,  quoted  from  Rubncr  (Zt^cftr./.  BupL,  Miiiuli^o,  18fl4,  Bd.  xxx.  S,  135). 

'■'  For  further  details  on  sncli  cfllorimetera,  see  Milkr,  "  Chendeal  Physir^,"  p.  3S8,  and 
Watts'  "  Uk'tionnry  of  Clieniiiitry,"  vol,  iii.  pp.  28»  103;  Stolimanu,  Journ, /,  praki, 
Chem.,  Leipzig  (2),  Bd.  xix.  8.  115;  Bd.  xxxix.  S.  503. 

^Cmvrord,  **Oii  Animal  ITeat,"  2  788.  2nri  edition,  pp.  320,  333»  351  ;  Fam  and 
Silbermann,  Ann.  dr  ehim.  ttphifs.,  Piiri-s  1842,  tnnie  xxxiv.  p.  357;  Frankland,  Lomdvm^ 
EdiTtburgh,  tnui  Ijuhlin  PhiL  Mag.^  London,  1866,  voL  xxxii.  p.  182;  Heriitaiui,  Btr*  d. 
dUutsck.  chem.  GtadlscA.,  Berlin,  1868,  S.  IS,  84  ;  Rubner,  Ztschr.f.  BioL,  Mtlnehen,  18A5, 
Bd.  xxi.  S,  357  :  Berthi?Iot,  Compt.  rend.  Acad,  d,  sc.^  Faiis,  1886,  tome  cii.  pp.  1211, 
1284. 

*  Calorie  =  the  licat  r^^fiuiriHl  tn  raise  1  ^in,  of  water  V  C.  ;  kilo-calone  — lOOO  c&lories  = 
heat  I'eqiiired  to  niisfi  1  laUi  of  wiiter  1"  r, 

*  Arch.f,  d,  gts,  PhimoL,  Rnnn,  1SF5,  Bd,  xxxvi.  S.  230, 

*  Jonm.  /.  jrrnli.  Chim.,  Leipzic;,  liiL  xliv.  S,  3JitJ, 

'  Ztschr.f.  lUoL,  Mtmcheii,  lS9;3-i>4,  Bd.  xxx.  S.  88. 
"^  IbuL,  18&.\  Bd,  x?txt.  S.  364. 

"  "  Ucber  die  Verbreniuingswarme  orgnnischer  SnbaUnzen/*  Leipng,  1880, 
*"  Compt,  T€Ttd,  Afffd,  d.  sr,,  Paris,  18SP,  tome  eix.  p,  759. 
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following  table  of  isodynaraic  foodstuffs  is  taken   from  Danilewsky's 
work : — 


FVL 

BUrrh. 

Ompe- 

Cftne- 
8uKar. 

C«Lliit(»& 

PeptoQfi. 

Eztimctof 

100    gntis. 
casein      = 

100    grmfl, 
fat 

100    grms. 

61 

100 

46 

133 
220 
100 

lf>l 
250 
11-i 

142 
IDT 

133 
100 

121 

201 

92 

135 
224 
102 

The  above  data  are  for  ])hysical  vahies.  It  18  necessary,  tlierefore, 
to  determine  iimv  far  the  diHbreiit  foodstuffs  undergo  combustion  iu 
the  living  body,  and  wliat  values  they  have  aa  producers  of  hait  during 
that  combustion. 

Eubner  has  shown  that  some  of  the  products  of  the  combustion  of 
proteid  escape  in  the  fa-cea  as  well  as  in  the  urine ;  the  lieat  value  of 
these  Bubstaaees  must  be  determined  and  deducted  from  the  heat  of 
combustion  of  proteid.  The  reduced  or  phy Biological  lieat  value  of 
1  grm.  of  dry  proteid  is  therefore  oidy  abrait  4000  calories.  The  fats 
and  carbohydrates  appeiir  to  undertro  {Tauplete  oxidation  in  tlie  body. 

An  important  series  of  expeiimeuts  on  the  sources  of  auimal  heat 
has  been  performed  by  Kubner.^  The  experiments  were  carried  on  for 
several  days  in  succession  upon  a  dog  weighing  12  kilos.  Tlie  animal 
was  given  a  known  amount  of  meat  once  a  ilay;  the  urine  and  faeces 
were  collected  and  their  heat  nf  combustion  determiued,  and  the  lieat 
given  off  by  t!ie  animal  was  lueasured  by  a  calorimeter.  At  the  mme 
time  the  discharge  of  carbon  dioxide  and  wjder  from  the  dog  were  deter- 
mined, also  the  total  nitrogen  lost  in  the  urine  and  fa-ces,  and  the  loss 
or  gain  in  weight  of  the  animal.  No  external  work  was  clone  by  the 
dog,  for  it  remained  quiet  in  the  calorimeter,  and  therefore  no  energy 
was  lost  in  the  form  of  work. 

The  following  is  an  example  of  the  results  obtained  : — 


D<it«. 

Conmtbn. 

Total  Dis- 

t'barye  of 
Nitrojifeii. 

Carbon 
from 
Fat. 

Hiait 

Calcii- 

Iftted 

from 

Proteid. 

Hmt 
Cahni- 

Iiik-d 
froni 
Fat. 

Total  Heat 
in  Twenty- 
four  Houni. 

Ifltb  October  1889         Fflating 

306 

16-38 

r7'o 

201*5 

27S'5  kilo^oaL 

This  result,  278*5  kilrnialorieis,  compares  well  with  the  heat,  27(5 '8  kilo- 
calories,  given  off  by  the  animal  in  the  caloritneter. 


Michr,/.  Sid,  Miinchen,  1893~9'i,  B4.  xk\.  S.  73. 
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Thus  it  is  possible  to  calculate  the  production  of  heat  in  an  animal,  if  the 
quantity  and  nature  of  ita  food  and  the  amount  of  the  discharge  of  nitrogen  in 
the  urine  and  faeces  be  known.  This  Rubner  lias  done,  and  has  compared  the 
result  with  the  heat  given  otf  by  the  animal  to  a  calorimeter.     Thus : — 

«     ,    .  .       1     .      T„  ,  )  228-06  grnis.  proteid. 

Food  of  dog  during  li  days=  \  ^^^,^  J^^  ^^^ 

1 
to  16 '8  grmL* 


340 '4  grm^,  fat- 
In  the  urine  30*0  grms,  N  were  discharged,  and  the  dry  fseccj^  amounted 


Cahufaiiim  1,  from  physiolofiiral  heat  values, 

Proteid,  228^05  x  4  0  kik>fal  -    912*24 
Fat,  340-4    x  9-423    „       -3207'0 


4119^2    kilo-cab  in  12  dmyi. 

CcdcuJafion  2,  from  phi/siral  heat  value  miih  redueiiQu  for  heai  t<Uue 
0/  nrine  maf  fares. 

Proteid         .         ,      =  1222  kilO'cab 
Fat      .         .         .      -3207 


4429 


*%fsr  n  f2Sa'5    heat  v&1u«  ol  aiint. 


In  12  davB  4124     kilo-caloriea. 


The  amount  of  boat  actually  given  ofl"  by  the  dog  during  this  time  was 
3958  kilo-calories.  Thus  the  calorimeter  showed  that  96  per  cent  of  the 
energy  of  the  food  had  appeared  as  heat. 

Kecent  work  by  Eubiior  *  baa  shown  that  the  body  of  a  living 
animal  may  be  looked  upon  as  a  calorimeter,  and  may  be  used  as  such 
for  the  determination  of  the  lieat  of  t^ombustion  of  food.  Thus  the  heat 
of  combustion  of  1  gun.  of  dry  meat,  determined  in  this  way,  is  4007 
calories,  that  of  1  grm.  of  dry  fat  9358  calories,  figures  which  are  practic- 
ally the  same  as  4000  and  9423  respectively,  the  results  obtained  by 
combustion  in  a  Thompson's  calorimeter,  when  allowance  is  made  for 
the  heat  value  of  the  products  of  the  proteid  lost  in  the  urine  and 
ficces. 

The  following  is  one  of  Rubner's  examples  of  such  a  determination : — A 
small  dog  fed  upon  meat  discharged  daily  10 '09  grmp.  of  nitrogen  in  its  urine 
and  fseces,  and  9  06  grnis.  carbon  from  fat  underwent  combustion.  The  heat 
producedj  as  determined  by  the  calorimeter,  was  379*5  kilo-calories.  On  a  diet 
of  meat  and  fat  the  same  dog  dis^charged  2 '95  grms.  of  nitrogen,  and  19*12  grms. 
carbon  friini  fat  underwent  combustion,  while  t]ie  production  of  heat  was  311 
kilo'Calories,  Now,  if  the  calorimetric  vahie  of  the  nitrogen  be  represented  by 
X  and  that  of  carbon  from  fat  by  ?/,  then — 

(1)  10-09.^+   9-06i/  =  379T> 

(2)  2  95^'+ 1912//  =  311*0 

.'.  ^  =  26*7  kilO'Caloriea  and  // -  12-15  kilo-calorics* 

The  results  obtained  by  direct  combustion  were  26*0  and  12-3  kilo-caloriee. 
The  heat  cor respcmding  to  1  gnu.  nitrogen  =  6-493  grma,  dry  meat  =  26*36 
kilo-calories  ;  that  t(i  1  grm.  carlxai  from  fat  ^13  grni.  fat  =  1216  kilo-caloriea. 
1  Zt«h}',/.  BioL,  MUucheo,  ISJH,  M.  xxx.  S.  140. 
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The  heat  of  conihustioii  of  food  may  be  determined  in  three  ways — 
(1)  by  direct  estimation  with  a  calorimeter,  (2)  by  calcuhition  from  the 
oxjgeu  neceaaary  for  axiilatioii,  and  (*i)  by  meiiBiirement  of  the  heat 
produced  by  the  combustion  of  the  food  inside  the  animal  body.  Such 
determinations  have  been  made  by  Eul  mer,^  and  the  following  table  is  the 
isodynamic  value  of  100  grms.  of  fat  estimated  by  these  three  modes: — 


Ffxvt  Method, 

Secotitl  MethDct 

Thfnl  Method. 

lOOgrms.  of  Fat  ^ 

Protoid     , 

201 

\m 

211 

StAHjb        , 

221 

240 

232 

Cane-sugar 

231 

249 

234 

Grape-siigar 

243 

2t>3 

25t) 

It  is  to  be  noted  that,  with  the  exception  of  proteid,  all  foofl  Md>Htance8 
give  t(JO  low  a  value  for  the  lie^it  of  eombustioii  when  it  is  cakuliit^d  from 
the  equivalenta  of  oxygen  net:essary  for  combustioiL  Tlie  calculation  of  the 
heat  of  combustion  from  tlie  oxygen  necessary  for  oxidation  gives  results 
which  are  not  exact. 


The  value  of  these  ealculationw  in  tlie  eBtimation  of  the  heat  pro- 
duced in  a  living  body  will  be  seen  by  comimring  the  results  witli  tlmse 
obtained  by  direct  deternunatimi  with  the  calorimeter.  TIu*  following 
are  Vierordt's^^  calculations  for  the  heat  priiduction  of  an  adult  \\x'm\  in 
twenty-four  hours : — 

(a)  Calculation,  according  to  Dulong's  principle,  from  the  heat  uf  coaibus- 
tion  of  carbon  and  hydrogc^n. 

An  adult  man  consumes  in  twenty-four  hours — 


C, 

n. 

N. 

0, 

120  grnis.  jiiuteid. 
M     „      fat        .        .        . 

330      ,,      carbohydittty 

In  urine  and  fjEeces 

Gl'18 

70-20 

146-82 

8-60 

10-26 

(Hydrogen 

IS -88 

28-34 

9*54 

tit  oxygen) 

281-20                IS -86 
20-80                  6-3 

18-88 

251-4 

12-56 

1 

1 

251-4    grms.  C.  x    8,080 
12 '56      „     H,x  34,460 

Total  heat  production 


=  2,031,312  calories. 
=     432,818       „ 


-2,464,130 
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(b)  Calculation,    according   to   Fraiikland's    principle^   from   the   heat   of 
combustion  of  food  substances — 


120  grms.  proteid 
90      „     fat     . 
330     ,,      carbohyUrate 


4]  grms.  urea  . 


=     599,760  culories, 
=    816,210       „ 
=  1,081,410       „ 


2,497,380 
-      83,066 


Total  beat  production 


^2,414,314  calories. 


lu  the  consideration  of  t!ie  calculutions  by  Vieronlt  it  is  necessary 
to  remember  that  Didong'a  principle  only  leads  to  approximate  residts, 
and  that  tlK*  values  for  the  heat  of  cumlmstion  em]doyed  in  the  calcula- 
tion according  to  Fniuklanda  principle  have  lieen  superseded  by 
more  recent  and  exact  deterniinatiouH.  Fur  tliis  reason  tlie  following 
ealculation  is  given  :— 

120  grms,  proteid  x  4000  .  .  .      =     480,000 

90     „      fat  x9423  .  .  .      =     848,070 

330     „     carbohydnitex4182  .  .  .      =1,380,060 


Heat  produced  by  an  adult  man  hi  twenty  foiu  Loiira    =2,708,130  calories. 
The  calculatiouB  tif  other  obscrveii^  give  the  following  values: — 


Calorics   for  an 
arlult  tiiait   in   24- 
lioura  , 


2,732,000 

2, 706,  ore 

1,800,000 


3,210,000 

3,646,007 

3,780,000 
If     2,843,000 


/  Miiiimiuji        of  I 
1^     noumliUH'iit     J 

/Mixed  diet—        1 
\  Ordinary  w«rk  J 

j  Liberal  diet —      \ 
t      Hard  work      / 

{Liberal  diet —      \ 
Vei7  hard  work/ 


Helmholtz.i 
Ludwig.' 

Danilewsky.' 


RuUner* 


Seharhng,  from  direct  calorinictric  oljservation,  found  that  an  adult 
man  at  rest  gave  182,000  calnrii-H  in  an  liour,  3,168,000  in  twenty-four 
hours;  and  Hirn  fihtained  the  lolbiwini;  rcsultH,  140,000  to  170,000 
cJilories  ]n?r  hciur,  ^s-'^GO^OOO  to  4,080,000  calories  in  twenty-foui'  hours. 

The  SpEcrFM"  Heat  of  tuk  Body. 

The  hrst  dtaenninations  of  the  specific  heat  of  animal  and 
vegetable   tiwBues    appear   tu   hnve    been    made    by   Crawford.*      The 


1  Encycl*jj»,  Wurtoih.  t\,  inecJ.  Wisfleimlu,  1846,  Bd.  xxxv.  S.  523. 
-  *'  Lehrliuc'h  fler  Pliysiol./*  S*  747. 
3  Arrh.f.  'L  f^s.  Phf/sioL.  Hoiiii,  1883,  B.l.  xxx.  S.  175. 

*'^0n  Atiimal  Heat/'  17ti8,  2ud  editiuo,  p.  139.     Detenu i nition b  wer«  also  tntde  bj 
Kirwai)  and  Daltoii. 


Rosenthal. 

Compact  Ixine 

=  0*300 

Spongy  bone 

=  0-710 

Fat     . 

=  0712 

Voluntary  muscle 

-0-825 

Defibrinated  blood 

=  0*927 
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following  are  some  of   his  reaultH,  and  also  those  obtained  recently  by 
BoBenthal :  * — 

Cbawford. 

Lean  beef  .  .  .  =0740 
Hide  of  an  ox  with  the  hair  =0787 
Lungs  of  a  sheep  ,         .  =0769 

FreBh  railk  of  a  cow      ,  i=0-999 

Arterial  blood  of  a  dog  .  =  1  "030 

Venous  blood        .         .  =  0*8928 

It  is  to  be  noted  tluLl  \}<i\)\^  HilleiHohn,  iind  Stein  JJeniBteiir^  were 
unable  to  find  any  marked  diflerenee  between  the  Bpecific  beats  of 
arterial  and  venous  blood  Recently  Hale  White  ^  has  made  an  in- 
geniouB  attempt  to  ulitivin  tiie  speciHc  heat  of  a  living  warm-blooded 
animal  by  exjierimentinj^  upon  a  hibernatioj^^  dnrniouse.  HiB  results 
vary  between  OH  12  and  118,  but  they  are  only  approximately  accurate, 
for  the  dormouse,  even  fluring  hibernation,  produces  a  small  amount  of 
heat. 

Since  all  the  tissues  of  the  body  contain  a  quantity  of  water,  the  mean 
sjiecific  heat  must  be  near  unity,  prubably  abuut  0  8:1 

The  Seats  of  Mkat  Production. 

Tiie  work  of  Mayow  {lt>74),  Black  (1757),  Friestley  (1772), 
Ijdvoisier  (1777),  and  Crawford  (177^*)^*  led  tn  the  cun(dusi(Ui  that 
animal  heat  was  due  to  a  jiroeeHK  of  cnndaistiuu  occurrin}]^  in  the  body, 
but  concerninj(  the  chief  .seat  of  this  rondjustion  there  was  no  unanimous 
opinion.  Maynw  considered  tliat  the  oxidation  tot^k  j^lace  in  the  tissues 
all  over  the  liody;  Crawford  held  that  tlie  heat  was  set  free  chiefly  in 
the  capillaries  nf  the  body,  owing,  aw  he  tlmuglit,  to  a  diHerence  in  the 
specific  heat  of  arterial  and  ven^ jus  Ijlotui :  l^ivuisier  was  at  tinst  un- 
decided, and  considered  that  the  heat  laose  in  the  lungs,  and  ]HKS.sibly  in 
other  parts  of  the  botly,  but  tiiially  he  mainUiiried  that  the  lungs  were 
the  chief  seat  <jf  conibystiiui.  Tlic  tJicuiy  of  Uuf^isier  wan  contested  by 
Lagrange,*'  who  maintained  that  if  all  the  heat  of  the  body  weie  pro- 
duced in  the  lungs,  the  tissues  of  that  organ  would  be  destroyed  by  so 
high  a  temperature.  This  ol>jection  was  for  long  heltt  to  be  fatal  to 
Lavoisier  H  theory,  until  Beitlielot/  liy  a  caieful  calculation,  showed  that, 
granting  all  the  heat  to  be  furmcd  in  the  lungs,  the  tetnperature  of  those 
parts  would  not  be  raised  niure  than  a  mijiute  fraction  of  a  degree, 
owing  to  the  great  vohiuie  of  air  and  blo<>d  in  t)ie  lungs  and  the  rapidity 
of  the  circulation,  whereby  tfie  heat  would  be  quickly  distributed. 
Moreover,  Bertlielot  has  shown  by  exjauinient  that  a  small  amount  of 
heat   is   formed    in    the   lungn   liy    the    conibinutinn    of    oxygen   with 

*  Arch.  /  PhffuwL,  L<  i|»^ix,  187S,  S.  2 Ilk 

'  Arch,f\  Phimui.,  lA-i]*/i^',  1890,  S,  t\^, 

*  Jmirn.  Phijslai.,  Caijil.niigti  ami  L4»iiikin,  1S92,  vul.  xV\\.  p,  789;  Crooiiimj  Lecturer, 
Lana-J,  Louiloii,  .luuc  li^  IS 5^7  ;  Urif,  Mrd.  Jmim,^  Lomlun.  IbOJ,  vol.  I  p.  1653. 

''Mayow,  '*TriK"tatUb  t,>uiiifp'*',"  IB74  ;  Blai  k,  "Lectures  on  Chenaatry/'  edited  by 
Robisoii,  Edinburgh.  1S03  ;  Prjcatliy,  FJtil.  Tran^.,  London,  1772,  vol.  Ixii.  p.  147; 
Crawford,  **Dq  Calore  Ariimali,"  1779";  "On  Antmal  Heat,"  •2n<l  iHiitknj,  17S8  ;  LavoisiGT, 
Brii.  Acad,  roy,  d.  m.^  Pann,  1777. 

*  H&saeijfrati'.,  Ann,  d*'  rJUm.,  Parb,  1791,  tome  ix.  y.  27ri. 
^  CompL  remL  Aaui.  d.  ^^c.,  Paria,  188&,  tome  eix,  p,  r7<i. 
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hEemogloljin.*  He  found  in  two  experinientt*  that  100  volumes  uf 
blofjd  alksorhed  respectively  202  ami  18^5  volumes  of  oxygeB,  and 
produced  there! )y  1463  and  1491  calories.  Kow,  the  eombiistion  of  the 
oxygen  with  ciirbon  would  produce  97 '65  Cxaloriee,  but,  in  the  formation 
of  oxyhfenioglobin,  only  14^8  calories  were  set  free — ^that  is,  only  a 
Beventh  of  tlic  Iieat  of  coml>UHtit:)n  would  be  net  free  in  the  lungs,  the 
remaining  six-sevenths  in  the  tissues.  M'Kendrick  ^  and  Bottomley 
have  also  been  able,  with  a  thermo-electric  arrangement,  to  detect  the 
heat  produced  by  llii*  union  of  lucujoglobin  with  oxygen. 

The  production  of  heat  in  miiacle.^lt  has  already  been  shown 
that  during  active  muscular  work  t lie  tcmpemtme  of  the  Ixjdy  is  slightly 
raided,  altliough  the  loss  of  heat  is  at  the  same  time  gi'eatly  increased. 
The  muscles  must  therefore  Ijc  an  important  source  of  heat,  and  a 
further  con.s  id  era  ti  on  will  show  tliat  they  are  the  chief  source.  The 
bulk  of  the  bndy  is  chiefly  composed  of  muscle  ;  thus,  in  a  dog  weighing 
11,700  grma,  the  muscles  weigh  5400  grms.,  and  the  Ikuics  2400  grms. 
(Bernard);^  and  even  in  a  much  less  compact  animal,  a  bat  weighing 
19"D4  gnus.,  the  nuiscles  wcigli  6'378  grms.  (l*embrey).* 

The  production  of  heat  as  one  of  the  phenomena  of  contraction 
in  a  single  isolated  muscle,  and  the  relation  of  he^t  to  work  during  a 
single  contraction  and  during  tet^iniis,  are  considered  elsewhere.  Here 
the  muscles  have  to  be  examined  as  seats  of  heat  production,  not  only 
during  contraction,  but  during  apparent  rest;  and,  further,  as  regards 
the  pirt  they  ]jlay  in  the  production  and  regulation  of  the  warmth  of 
the  l»ody. 

The  muscles,  even  when  they  have  lieen  remove*!  from  the  Ixody,  are 
the  seat  of  an  energetic  combustion  (Humboldt,''  Liebig,®  Du  Bois 
Reymond,  Valentin;  rilatteucci'* ).  Tlie  following  comparative  experi- 
ments were  made  by  Paul  Bert."  Different  tissues  were  removed  from 
a  dog  just  kilicib  iu^d  tfic  ab.sorjjtion  of  oxygen  ant]  discharge  of  carl)on 
dioxide  were  determinctl  diuiug  a  period  of  twenty-four  hours,  at  a 
temperature  varying  from  0'  to  10' : — 

100  gnus,  of  muscle  absorbed  5 0*8  c.c.  oi  oxygen,  aud  diHcbarged  56*8  c.c.  of  carbonic  add. 
,,          brain  ,»         45"S  ,,  „  42*8  „ 

,,  kiilnc-y         „         37*0  „  „  15-6  „ 

,,  spleen  ,,         27 '3  ,,  ,,  15 '4  „ 

testis  ,,         18-3  V,  „  27'5 


ibrrfkcii  boim    j 
and  Tjmrrow    i 


17-2  ,.  „  8-1 


Re^niard  '°  has  shown  tbrd  tlie  respiratory  exrbaiige  of  isolated  mufit-le  lisM 
and  falls  with  tlio  external  terni>erature  ;  at  10'  tbf  discharge  of  carbon  dioxide 
hy  1  kilo,  of  muHcle  ia  40  c,c,  \w  one  hour,  sit  25"*  it  is  129  cc,  and  at  36*  it 
amomiti*  to  294  c.c,  but  alwve  40'  tlie  di«cbarge  decreases, 

'  See  alsn  ])avv,  '*  lUf*i*aif'bcs,"  London,  1839,  voL  H.  p.  168. 
=  Brit.  Mrii,  Jtmru,,  London,  USSg,  vol  ii.  p.  333. 
'  **  Le^^ons  snr  la  rhalenr  animals,"  IS 76,  p.  14fX 
*Journ.  Pkymol,^  Cand>rid^€  an<l  London »  IS^ff-fiti,  voL  j,\x.  p.  485. 
^  '*  VfTBncli**  neber  die  j^erei/ic  MuMkel-uiid  Nervenfascr,"  BtTlin,  1797. 
^Airh.  f.  Anal.,  Phifswf,  u.  Jtixsfnsrfi,  M*'d,,  1850,  8.  3P3. 
Ktr€h.  /,pJnf.rwK  linn.,  Stuttgart,  K^^fi,  Bd.  an.  S.  431, 

^Compi,  rend.  Acad.  d.  w.,  raria,   1856,  tomt;  xln.  \k  648  ■  Ann.  de  ckhn,  H  pAyM,, 
Tarn,  ]8r»6,  tome  xlvii.  p.  123. 

*  *'  fjc^ons  8ur  la  pliyBiol.  rompar^e  de  la  respiration,*'  1870,  p.  46, 
1^  '^Kecherchea  expf!'rimeiitalea  sur  It'S  com  bust  ion  a  reapiratoireSy^'  Piirit,  187^1  p.  2S. 
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Similar  re«ailte  have  been  obtaiiifd  \\y  Riibiier  ^  in  limbs  tbrougli  which  an 
artificial  circulation  of  blixxi  wacs  niiiintained 

Although,  a8  Hermaon  -  bus  shuwn,  tii>nie  nl  the  rarW^n  dioxide  may  arise 
from  the  action  of  Uicteriu,  yet  th^'sn  ex|H?rim«^nUs  shiiw  thtit  even  excised 
muscle  is  tbe  seat  of  an  energetic  meuilwjlisni  an<l  i>f  heat  |>n>d action.  Tis^ot  ^  has 
proved  that  the  ahsnrpticiu  of  oxygen  and  tlie  discharge  of  carbon  dioxide  occur 
in  an  excined  muscle,  even  when  every  precaution  it*  t'lken  to  mainUiin  aftepsis. 
The  results  of  Minot*s^  experiments  upon  the  [jrotluction  of  carbon  dioxide  in 
resting  and  active  muscle  are  o]i|*j«ed  U^  those  i obtained  by  Paul  licrt  and 
Eegnard,  hut  his  method  has  l>een  iiln*wn  byZuntz''  to  hi*  open  lo  serious 
objections. 

The  subject  i»f  respiration  in  mui^cle  will  be  discn.^sed  niore  fidly  in  other 
parts  of  thii^  work/'  here  it  i^  only  neces.siiry  to  point  out  that  tbe  respiratory 
exchange  of  a  museh',  even  during  apparent  rest,  i^  very  marked,  and  becomes 
enormously  iiierea^sed  during  activity.  This  in  well  shewn  by  tbe  experiments 
of  Screlkow/  von  Frey,^  Chauveauand  Kaufmana,^  Hill  and  Xabarro.*** 


DirrumcK  mwrwrnss  Vkstoi's  A5t>  AlTKUAl.  Bt4Mmt. 

MitKle  at  ft«rt. 

MuKlt  Aq^^ 

I      CO, 
Sczelkow       .        .        .     - 

(        0, 

{      CO, 
C1iMive«ii  and  Krarinaiin   ■ 

1              1 

Hill  and  NabiiTO  .         .     ■ 

+  6-71 
-9*00 
■f870 
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Tlie  muscles  iluring  ajiparent  re.^t  are  in  a  state  of  tmie,  and  are  the  seat  of 
an  energetic  combustion,  and  therefore  of  heat  i»rfMiuetion, 

Further  evidence  of  the  inij»ortant  |>art  jdayed  by  tbe  oiusclea  in  the 
pr*>tluction  of  heat  is  found  in  tbe  fact  that  any  vawm  whieb  8iisi»eiid8 
the  activity  of  the  muiMide^,  «ir  more  coiTe«:"tIy  tlie  iieuro-miiscular 
system,  lowers  the  teiijj»erature  of  the  UhIv.  ruiari  eaujii-P  luuFicular 
paralysis  and  a  fall  in  the  temi»erature  of  the  irfKiy:**  tbe  respiratciry 
exchange  is  greatly  diniinisbed,  even  if   tbe  animaTB  temperature  is 

^  Arch,  /.  Pkyriol.,  htii^ng,  Ifehii,  S,  38;  this  Teitbook,  nrlicle  *'CbemiBtr>-  of 
Besjiimtion/* 

-  *'  Unterroch*  u.  d.  Stoffwetliwl  der  MtiBkelo/*  Herlin,  1S67,  S.  87, 

*  Arrk.  de  physioi.  norm,  el  path, ^  pjirifl,  1891,  tome  iivi.  p.  ^38  ;  18S*5,  tome  uirii. 

*  *'  Die  Biliiung  litT  COj  iiJiierlmlL  tjp^  nihfuJen  on  J  erregteu  Mutikdn/* 
»  HeTin«iin'»  "  Handbucli,"  B*h  iv.  Th.  2,  S.  96. 

•See  articl*«  on  '^Cbemifetrv  of  E("sjiinition  **  nod  od  " Metftbolistn/*  tbi»  Text-book, 
Toh  i. 

'^  Siizui^tb.  fl.  k.  Akad.  d.  n'iuensrJ,.,  Wieij,  1862,  Bd.  xir. 
^Arrh.y,  Phynoi,,  Uipi^^.  Ibb:*,  S.  533. 

*  Cirtnpt.  rfnd,  Amd.  d,  *r-,  Piiris,  \hh%^  tome  ciii.  pp.  974,  1057,  1153. 
**  »/<niriu  Phynid.^  CAinV'ridjEe  aini  L<^indoii,  1^K'»,  vol,  nriiL  p    218. 

**  T»che»cbichiii,  Arch./,  Ai%nL  Ph^fti^^.  t<.  »r;**nMfA.  Med.,  1»66.  a  159,  Dnriog 
tbe  conmlsioni  wbich  are  kt  first  cHUied  hy  carari  tbe  t4^m|»entture  ni«^ ;  Bernard, 
**Lefatifl  itir  la  cbalcur  atiiin*!**, "  1S76,  p.  15*7  ;  VelleD,  Arch.  f.  d.  yfj.  Phenol, ,  Bonn, 
1S80,  Bd.  xxL  S.  36L 
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artificially  ma'mtaiiied  at  the  noniial  lieiglit.^  These  expeiiments  have 
been  uxteiidtitl  by  Ptiuger,-  who  f«iuinl  in  cururised  rabbits  that  the 
intake  uf  oxygen  and  the  uutijut  of  curb<in  tlioxide  fell  reHj^ectivelr  to 
352  and  37 "4  per  cent,  of  the  nonnal  exchange:  a  rise  in  the  temj.»€ra- 
ture  of  the  mirrouudingB  caused  an  increase  in  the  respinitor}'  exchange, 
and  in  the  temperature  of  the  aninuil,  whereas  a  fall  in  the  external 
temperature  produced  tlie  opposite  eflects.  Tliese  phenomena  were  not 
due  to  diminished  HUp]jly  of  oxygen,  for  artificial  respiration  wa« 
niaijitained,  tlie  heart  Ijeat  strongly,  and  the  venous  blood  was  brighter 
than  in  the  nonnal  animal.  Further,  it  is  not  due  to  poisoning  of  the 
muscle  substance  itself,  for  Colasanti-^  found  that  the  oxidation  in  the 
muscles  of  a  linil*  with  an  artificial  circulation  was  the  same  whether 
the  blood  did  or  did  not  contain  cunnu.  Similar  results  have  l>een 
obtained  with  amestbctics  and  drugs  which  tlepress  the  activity  *>f  the 
nervo-nuisc  uhi r  system.^ 

It  wdl  Ijc  ^ibown  later  that  section  of  the  spinal  cord  or  of  the 
motor  nerves  redm-ea  a  warm-bloculed  animal  to  a  culd-blooded  condition  ; 
its  temperature  falls,  and  it  can  no  bjnger  regulate  its  temperature. 
The  completeness  uf  the  ettect  seems  to  depend  upon  the  number  of  the 
muselevS  paralysed.  On  tlie  otlier  hand,  caloriraetric  detennhiations 
slmw  that  nmscular  activity  greatly  increases  the  ]irrHluction  of  heat 
and  ihe  res}*iratory  cxcbnngc. 

It  has  already  been  stated  that  young  mammals  and  bii^ds,  in  which 
muacular  co-ordination  is  well  developed,  are  able  to  maintain  their 
temperature  at  birth,  whereas  others  l>orn  in  a  helpless  condition 
resemldc  coldddotHlcd  animals. 

According  to  I).  Macalistcr/^  the  tjuiscIcb  are  tatigueil  as  producers  of 
heat  sooner  tlian  aw  producers  of  work,  and  the  efl'ect  of  cold  upon  the 
muscles  of  anicschetised  mammals  is  to  nuirkedly  depress  the  thermo- 
genic function. 

The  involuntary  nmscidar  contraction  in  shivering  causes  a  ri«e 
of  tempcniture/^  and  this  is  especially  noticeable  in  small  thin  dogs 
with  little  fur;  in  fact,  shivering  must  be  looked  upon  as  an  involuntary 
protective  mefhiinisui  agjunst  ctdil.^  In  manias  Lowy  ^  has  shown,  it 
may  increase  tJie  nu'tabolism  by  100  per  cent.  Tlie  warndng  effect  of 
muscular  exertitin  ia  a  matter  nf  onliuary  daily  experience,  and  is  well 
shown  by  the  dillerence  iti  the  walk  of  a  man  during  cold  and  hot 
weather. 

The  heat  produced  by  the  contraction  of  the  heart. — The  work 
done  by  tlie  human  heart  was  estimated  by  Grcbant^  at  43,800  kilo- 
grammetres  in  IvveutydVun-  hoars,  and  this  according  to  the  mechanical 

equivalent  of  he;it  would  give  -^-  =10o,000  calories.  Foster  **•  cal- 
culates  that  the  work  done  f>y  tlie  heart  is  m^arly  60,000  kilr>gi*ammetre6, 

'  Ziintz,  Arch.  f\  d.  ffr-*,  /Vm^o/.,  Honti,  1876,  Bd.  xiL  S.  522. 
s  Ibid,,  1878,  m.  xviii.  H.  25r>. 
3  fbid.,  1871  liil.  xvi.  8.  157. 

^Riiriiiif,  ibid.,  18^4,  B*l.  xxxiii,  S.  53S  ;  Pembrey,  **  Proc.  Physiol.  8cm!.,"  Jcwm. 
PhysiiA,,  Ctimlnidpe  urnl  Lundnii,  lSS>4-lSfl.'i,  vol.  xviL 

"  '*  Goiihtotnari  Lm'tiirfa/'  Ltntaf,  Loritlon,  1887,  voL  J.  p.  558. 
"  Rtvlard,  Arrb.  de  nn^'fL  vaf^^  I'aris,  1861,  pp.  21,  157|  257. 
"  RinliPt,  CofHpL  rnuL  StAC.  (k  bio/.,  Puria,  18&2,  p.  896. 

»  Arch.  /:  d,  ffrs.  liafmd..  Honii,  1889,  Bd,  xlv.  S,  625  ;  and  IttUO,  Bd.  xlvi,  8.  189. 
"  '^rhya.  MhI,"  isli9,  p.  2^5*. 
*"  "Text-BtMik  of  Physiology,''  1891,  5th  edkion.  pt,  1,  p.  254. 
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Waller  *  estimates  it  at  20,01)1)  kilugramiiietrtis,  and  Xicolls^at  54,000 
kilogrammetres. 

The  production  of  heat  in  glands.— f Mam Iw  are  the  seat  oJf  active 
chemical  changes,  aceouipaiiied  by  a  |iitidiu'tiyii  of  heat,  but  during 
activity  their  blood  supply  is  an^meuted,  and  the  inureaaed  temperature 
arising  from  tliis  can  bo  often  uiankH  thi*  beat  produced  by  tlie  activity 
of  the  glands* 

The  tubTfULiiUari/ ifland  \h  an  instance  in  wliicb  the  iictivity  nf  tbe 
tissue  is  accounjanied  by  a  greatly  increaHed  bluod  How.  Ludwig  and 
Spiess^  found  by  the  thermo-electric  methcHl  that  the  fiubnmxillary 
sahva  of  a  dog  was  1"*  to  l'"5  warmer  than  the  blood  in  the  camtid 
artery.  Bernard  *  ligatuied  tbe  bloixl  vessels  (pf  tbe  gland,  and  bmnd  that 
stimulation  of  tbe  chorda  tympani  still  produred  a  slight  rise  in  temper- 
ature, whereas  excitation  of  the  synipatbetie  piuduced  a  slight  fall.  Tbe 
tenijicrature  in  degrees  in  nijt  staled,  Imt  iiernard  brings  tliese  ohBervations 
forward  as  jtdditional  arguments  in  favour  of  frigoritic  nerves,  Mnrat* 
states  that  lie  haslieen  able  tucfHitirm  Bernanrs  results;  Heidenhaiu,**  on 
the  other  hand,  observed  a  rise  in  tern  jieratiire  when  tbe  Hympathetic  was 
Btimulated.  Kecently,  liayliss  and  Hill'  have  earefully  investigated 
the  questinn  of  the  birmatinn  of  he^it  in  salivary  glands;  tbey  nstnl  both 
the  thermo-electric  method  and  Geis^ler's  thermometers.  Their  results 
led  them  to  the  foHowing  conclusions: — Tbe  tera]>erature  of  the  gland 
and  tissues  around  it  is  almost  as  bigli  as  that  of  tbe  aortic  bluod  ;  the 
sahva  is  not  warmer  than  tbe  gland  au<l  tissues  aruund  the  dtu/t,  and  no 
formation  of  beat  can  be  directly  (h-termined  in  the  submaxillary  ghmd 
by  any  known  method  uf  uie^isuiing  vnriJitions  in  teuiperatnre.  On 
stimulation  of  tbe  clK*rda  lympani,  the  teuijieraturt*  of  the  stiliva  never 
rose  higher  than  tbe  temperature  of  the  aortic  blood.  No  doubt  the 
gland  produces  more  heat  during  activity,  but,  on  accomit  of  the  small 
size  of  the  gland,  and  tin-  vn\i\i]  ein-nlatifui,  tbe  diHerence  cannot  be 
shown, 

77i^  inh'stiina  tiiul  liver, — A^'cnribng  tu  liuiuard,"  the  blrKnl  cojuing 
from  tbe  iutestiues  is  raised  lu  temperature  i luring  digestion,  the  tem- 
perature of  the  blood  in  tJie  portal  vein  being  two-  or  three-tenths  <jf  a 
degree  warmer  than  that  of  tbe  abihuuinal  aorta.  liernard  also  buind 
that  the  liver  was  the  warment  organ  in  tbe  body,  that  tbe  blond  of  the 
liepatic  vein  was  higher  than  that  uf  thi^  ] mortal  vein,  an^l  showed  a  still 
further  increase  during  digest lou. 

Stimulation  of  tlie  s]dancbnic,  or  of  tbe  vagi  nerves,  produces  no 
calorific  or  frigurilic  elleet  h\  tbe  temperature  of  tbe  liver," 

*  *^Huiimu  Phyftiolog}',"  lSL>;i,  2iid  edition,  p,  75. 

^  Joum,  Pktfifwi.,  ('ambnd|Tt  diul  Lonrlou,  ]nI*<>,  Vfil,  xx.  \k  407. 

^  Silrunffsb/d.  k;  Akad.  c/.  fH'funist'h.,  Wkn,  1857,  Bd.  xxv.  S.  iiSI  ;  Ludwig,  fFisn. 
med,   Wthnsfhr.,  1860,  Nob,  'iS  and  29. 

*  "  Lemons  i<\\v  la  rljaleiir  aidnuili?/'  1S76,  \i.  428. 

^  Airk.  fkphjmd.  nonn.  rj  pufh,^  \*&\\n,  189'j,  ton»p  xvv,  p.  285. 

*  Stitd,  d.  phjfsM.  Inst  zu  Hn\<if(T}t,  Lei[»i'J^,  isfis,  U'l.  iv. 

"^  J&urii.  rfuftiitff,^  Giinbrid^i^i' and  Londuij,  ISIM,  vol.  xvi,  p.  351. 

■  '*  JiC^-'Oiis  i^ur  U  clialeur  ?iijtiiial(."  1^7t!,  p.  VM\  Set-  aisu  this  airtulp,  p.  800;  BrauQG^ 
yinkow'g  Archh\  I860,  fid.  xix,  S.  47«^,   »1H. 

*  Waymoath  ReiH,  *M*n»\  PhyH.  Sm-./'  Jmrm.  /"hifitii'/.^  ('.kiiilind*^^*' and  Lnndnn,  1895| 
vol.  xviii. 
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The  Measukement  of  Heat  Production 

Ttie  amount  uf  heal  produced  by  an  animal  c-an  be  determmed  by 
the  measurement  of  the  heat  gnx^u  off,  and  also  by  an  estimation  of  the 
heat  vahie  of  tiie  chomiciil  changes  taking  place  in  the  body.  The  most 
exact  method  is  that  whicli   e!nl>races  botli  of   these   determinations. 

Numerous  attempts  have 
lieen  made  to  construct 
suitable  calorimeters,  but 
it  is  only  within  the  la^t 
few  years  that  exact 
methods  have  been  de- 
vised. 

C  al  or  imeters  J — In 

1780,  Lavoisier  and  Lap- 
lace *  employed  the  ice  cal- 
orimeter, in  which  the  heat 
prodiiced  by  the  animal  \a 
estimated  frt>m  the  amount 
of  ice  liquefied.  The  con- 
struction of  this  calorimeter 
is  shown  in  the  accompany- 
ing diagram,     (Fig,  81). 

Important  results  were 
obtained  by  the  use  of  this 
method,  but  they  were  not 
an  exact  meaf;ure  of  the 
heat  produced  by  a  nc»rmal 
animal     The    exjjosure    to 


Fi«.  81, — Diagram  of  it-e  calorimeter. 


such  a  low  temperature  causes  an  abnonnal  Iuhs  and  pri:>du€tion  of  heat,  and 
it  is  iuijTOssible  to  rapidly  and  completely  collect  the  water  formed  by  the 
melting  nf  the  ite, 

Crawford/^  in  178^5,  iiifcroduoctl  the  water  calorimeter,  and  indicat€?d  the 
precautions  necess^iry  tu  obtain  accuracy.  The  method  was  improved  by 
Dulong  and  Despretz. 

Altljou^^h  tins  calorimeti^r  was  a  great  advance  upon  the  ice  calori- 
meter, yet  it  has  bfeti  fuuurl  liy  numerous  (ibservers  to  be  unreliable.  It 
is  imi»ossibie,  even  by  careful  mixing,  to  obtain  the  exact  heat  of  the  water, 
for  strata  of  difFerent  tem|ieratures  are  formed,  and  thus  errors  easily 
arise.  Further,  the  water  responds  very  slowly  to  any  change  in  the 
production  of  he?it  by  the  animal.  This  methtxl  was  used  by  Dnlong* 
and  Despretz/  and  has  been  again  brought  int^j  us©  by  Wciod,  Reicbert^ 
and  others."* 

The  air  calorimet^^r  tippear.^  to  have  been  firdt  used  by  Scharling"  in  1849,  and 

^  A  list  of  Hiii'arHiojt  ill  \i\\\A\  different  kinds!  of  calorimeters  have  been  used,  will  bf 
found  iij  the  ya\v^x  i>y  Ilaldam^,  Hule  Wbite,  and  Washboura,  Journ.  Physiol.  ^  Cambridge 
and  London,  IJ^M*,  voL  xvi,  p.  124. 

=  Jfi^L  Af:ml  rmj.  d.  sc.,  Paris,  17>*0,  p.  355. 

^  *'  ExporimeutH  and  Observation'^  on  Aniiivnl  Heat,*'  LoadoD^  1788,  2ud  edition. 

^  Ann.  de  clnm,  Hphys.^  Paris,  1813,  B^t.  3,  tome  i.  p.  440  ;  CoinpL  rtnd.  Acad.  d.  »f», 
Paris,  tiDJiM?  xviij.  p.  327. 

^  J7iti.  di'  fhim.  et  phyif.,  Paris,  1824,  H^r.  2,  tonie  xxvi.  p.  337. 

*^  Wood.  "Fever,"  SmUhsoiu  Contrik  Ku<}ni.,  Washington,  1880;  Reichert,  £7ii»r. 
ifftjf.  Maff.,  riiilttdeljddtt,  1890,  vol,  ii.  p.  173. 

'Journ./.  prakt.  Chrm,  Ltdp^ig,  1849,  BiL  xlviii.  S.  43&. 
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the  most  ezaotof  the  modern  methods  are  modifications  of  thisJ  D'Arsonvnl,^ 
in  1886,  introduced  the  difrerential  air  calorimeter,  which  has  this  great  ailvan- 
toge,  that  the  loss  of 
heat  hy  conduction 
and  radiation  from 
the  calorimeter  con- 
taining the  animal  is 
compensated  by  a 
similar  loss  from  a 
dummy  calorimeter  of 
fimilar  siice  and  con- 
struction.  This 
method  haa  heen  em^ 
ployed,  and  &ti!(  fur- 
ther modified,  by 
Rosenthal^  and 
Ruhner,*  but  it  will 
suffice  here  to  describe 
only  the  latest  form, 
that  introduced  by 
Haldane,  Hate  White, 
and  Washlx>urn.^  In 
thia  calorimeter  {Fip. 
85)  the  heat  produced 
by  the  aniraal  in  oiif 

chamberis  balanced  by  yw..  82. -Diagram  af  Dulong's  uatn  iAlorimeter. 

the  heat  given  otT  by  a 

hydrogen  flame  t>urning  in  another  similar  chamber.     The  ammmt  of  hydrogen 

burnt  is  estimated,  and, 
knoAving  the  be^t  of 
combiislioii  of  hydrtH 
gen,  one  can  calculate 
the  calories  produced 
by  the  quantity  of 
hydrogen  used  in  the 
experiment ;  thiw  num- 
Ix^r  of  calories  is  equal 
to  those  given  off  by 
the  aniraal.  The  cal- 
orimeter Ih  80  arranged 
that  at  the  wame  time 
it  serves  an  a  respira- 
tory apparatus,  and  the 
determination  of 
the  intake  of  oxygen 
and  output  of  carlxm  dioxitle  cliecks  the  result  of  the  calu  rime  trie  observa- 
tion. 

^  Roftenthal,  Ank.f.  PlujainL,  Uipzi^%  1878,  %  349  \  Ritlit-t,  Arch,  de  phyitioL  norm, 
etjmih.,  Ftm»,  1885,  tome  vi.  p.  237  ;  Alosso,  J  rck. /,  ey^er,  Paih.  v.  Phttrtaahd.^  Leipzig, 
1890,  Bd.  XX vi.  a  316. 

^  Jourfi.  de  Vanaf,  ei  phi/nial.  clc,^  Parin,  IRStl,  tf>mt»  xxii. 

^  Arch./.  PhystoL,  Ldpi^.  ^«88,  .S.  L 

*  **C&lorimetnsche  Mftkodik,*'  Marbur^t  1^91;  Btitr.  ;.  Phy»lol.  Carl  LudiHg 
£.    9,    70    GtbitrtsL,    Leipzig,    1SS7  ;    Ztschr,   f.    Biol,,   Miimiien,  '  1SS*3-1M,    Ed.    xxx. 


Fm.  83.— 'DiRgmm  of  air  calorimeter  (Haldanf, 
White,  ami  Wa-nh bourn ), 


Hde 


P,  Layer  of  felt. 


I  A.  Till  *•«  for  v^rrrilatimi. 

I  H.  Hydrogen  fIniiK', 

M,  Mjiaometer. 


S.  92. 

*  J(mrti.   PkynoL,  Canibridirf*  and    Lonrlon, 
CroonisQ  LectureSj  Lartcei^  London,   1897,  vol.  ii 
vol.  ii.  p.  11. 


18R4,    vol,    xvi.   p,    123  ;    Hale    White, 
;  and  Brit.  MrtL  Jmirn,t  London,  1897, 
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For  experiments  on  man,  Currie,^  and  afterwards  Liebermeister  ^  and  others, 
used  a  bath  as  a  water  calorimeter ;  this  method  is  liable  to  many  sources  of 
error.  Scharling,^  Vogel,*  and  Hirn  ^  used  a  method  which  was  simple,  but  at 
the  same  time  untrustworthy ;  the  subject  of  the  experiment  was  enclosed 
within  a  small  chamber  standing  in  a  room  with  a  constant  temperature  ;  the 
production  of  heat  was  determined  from  the  difiference  between  the  tempera- 
ture of  the  chamber  and  that  of  the  room.  Leyden  employed  a  partial 
calorimeter  for  experiments  in  man ;  a  limb  was  enclosed  in  a  suitable  water 
calorimeter. 

It  is  probable  that  the  simplest  and  most  useful  method  for  clinical 
purposes  is  that  introduced  by  Waller  * ;  the  deep  and  surface  temperatures 
of  different  parts  of  the  body  are  determined,  the  evaporation  of  water  from 
the  skin  is  estimated  by  a  hygrometer,  and  the  temperature  of  the  surrounding 
air  is  noted.  If  the  calorimetric  value  of  the  thermometer  scale  be  pre- 
viously determined  on  a  surface  giving  off  heat  at  a  known  rate,  it  is  possible 
from  the  data  obtained  to  calculate  the  emission  of  heat.  The  apparatiis,  in 
fact,  constitutes  a  heat  manometer  measuring  the  temperature  difference 
between  the  skin  and  atmosphere. 

The  results  of  calorimetric  experiments.— Lavoisier ''  and  Craw- 
ford s  concluded  from  their  results  that  the  heat  produced  by  an  animal 
could  be  almost  entirely  accounted  for  by  the  combustion  represented 
by  the  discharge  of  carbon  dioxide  and  water.  Dulong  ®  and  Despretz's  ^^ 
data,  when  corrected  by  Liebig,^^  Helmholtz,^^  Gavarret,^^  Ludwig,"  Milne 
Edwards,^^  and  Liebermeister,^^  lead  to  a  similar  conclusion,  but  since  the 
more  exact  experiments  of  liubner  and  others,  they  have  had  only  a 
historical  interest.^^ 

The  ta])le  on  p.  847  gives  some  of  the  more  important  results 
obtained  by  various  observers. 

It  has  been  already  shown  that  the  heat,  measured  directly  with  a 
calorimeter,  is  equal  to  that  calculated  from  the  heats  of  combustion  of 
the  constituents  of  the  food  (Kubner  ^®),  and  it  will  be  seen  later  that  the 
production  of  heat  in  different  warm-blooded  animals  is  proportionate  to 
the  surface  of  their  bodies  (Rubner).^®  Durinj^  digestion  and  muscular 
work  the  ])ro(hiction  of  heat  is  greatly  increase(l. 

According  to  Langlois,^^  the  production  of  heat  in  children  is  pro- 
portionate to  the  surface  of  their  skin,  and  sliows  a  daily  variation. 

1  "  Medical  Re])ort.s  on  tlie  Effect  of  Waaler,  Cold  and  Warm,  as  a  Remedy  in  Fever  and 
other  Disrases,"  Liverpool,  1798. 

'  Ardi.f.  AnuL,  Physiol,  u.  wissemch.  Med.,  1860,  S.  .520,  .'iSO  ;  1861,  S.  28  ;  **  Hand- 
biich  der  Path.  \i.  Tlicrap.  des  Fiobers,"  1875,  S.  142. 

'-''  Joiirn.  f.  praJd.  C/ifrn.,  L<npzi^,  1849,  Bd,  xlviii.  S.  43.5. 

•*  Jrrh.  (I,  Ver.  f.  m'ssenjich.  Heifk.,  Lei])zi<:^,  1864,  S.  442. 

"'  •'  KiM-horchcs  siir  I'equivalent  nn^eani(pie  de  la  clialnir,"  Paris,  1858. 

**  "  Proc.  Physiol.  Soc,"  Jouni.  Physiol..  Canibridf^o  and  London,  1894,  vol.  xv. 

•  Hist.  Aro'l.  roy.  d.  sr.,  Paris,  1780,  \\  355. 

'^  "  ExjMMinionts  and  Obsorvations  on  Animal  Heat,"  1788,  2nd  edition. 

^  Ann.  (I.  rjiim.  ftj'liyx.,  Paris,  184"1  Ser.  3,  tome  i.  p.  440. 
^"  Ibi'J.,  lS2i,  Srr.  1,  Umv  xxvi.  p.  337. 
^'  *' Thiorrln-mie.'' S.  2.*^. 

'2  **  Enovflo]..  Worterb.  d.  med.  W^issensch.,"  1S4(),  Bd.  xxxv.  S.  523. 
'•^  "  D<'  la  chab'ur  ]»rodnite  paries  etn-s  vivants,"  1855,  p.  219. 
1*  "L«hrbn<-h  d.  Physiol.,"  1861,  AuH.  2,  Bd.  ii.  S.  739. 
^•'  '•  Lf'.-ons  sur  la  iihysiolo^ie,"'  1863,  tome  viii.  y.  23. 
J«  "  Ilandbuch  df-r  Path.  u.  Therap.  des  Fiebers,"  1875,  S.  134. 

^'  For  a  discussion  ot  these  results  see  liosenthal,  Hermann's  "  Handbueh,"  Bd.  iv.  Th.  2, 
S.  358. 

i»  Ztschr.  f.  Biol.,  Munehen,  1891,  Bd.  xxx.  S.  135.     This  artiele,  pp.  883-37. 
19  Ztvhr.  f\  Binl.,  Munehen,  1883,  Bd.  xix.  S.  535.     This  article,  p.  853. 
••»  Centralh/.f.  Phi/siol.,  Leipzig  u.  Wien,  1887,  S.  237. 
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Heat  Ppoducwl. 


Remarki. 


Observer. 


182»0O0  cd.  pr  lionr. 
140,000    ,, 
99,000    ,, 

51,000  cat  j>er  hour. 

12,680    „         „ 

10,900     „ 


2»&00  ( fth  pT  hotir  and 
|jer  kilo. 


5,920  cal.  per  hour  and 

{Mr  kilo. 
8*000       „        „ 


Adult  nmn. 


Dog  weigkinjf 
fiar-0-  &450  j(rmi4.  , 


Dogs. 


Pigeon, 


At  rest 

Partial  cftloriraeter 
One  hour  after  fijcid. 

Tw«?nty-8ix  houra 

after  food. 
About    forty  nine 

hours  after  ftiod. 

About    tbirty-ftix 
hours  after  foo<l. 

Meat)  of  exfieriment^ 
on  »ix  dugs. 

After  reiiioviil  of 
cerebral  lieuii- 
sjiherea. 


Scharling.i 

Hirn.^' 

Leydeu.'' 

Senator.* 


Ci»rin  aufl  \m\ 
Heneilen.^ 


The  respiratory  exchange  as  a  measure  of  heat  production.— 
The  heat  of  tlie  Ixxiy  has  been  shown  to  l>e  dut"  to  proresses  nf  eoui- 
hustion  occiaring  in  the  tiHs^iies,  Tlie  respiratory  exc  liange  i?^  a  measure 
of  this  coiiilniHtirm,  iuitl  lieuce  a  iletennination  of  tlio  intake  of  oxygen 
and  the  ont]nit  of  ciirhrm  dioxide  Ib  a  measure,  althou^^li  not  it  ijerlectly 
accurate  one,  of  the  heat  ]irodiieed.  There  is,  liowever,  one  source  of 
inaccuracy  in  tins  metliod  ;  a  deterniination  of  tlie  respiratory  exchange 
(hiring  a  limited  time  is  not  an  exact  indic<ition  of  tlie  comhnstion  occur- 
ring during  that  time,  for  we  know  that  oxygen  may  he  taken  np  and 
stored  in  the  hody  for  a  considerahle  period,  mid  earhon  dif»xi(h'  nmy  he 
given  off  [>y  the  breaking  up  of  previous  combinations  ;  in  fact,  may  still 
Ije  evolved  wlien  thr*  tissnes  an?  receiving  w\  fn*e  oxygen,  Nevertlieless, 
consecutive  cleterminations  of  the  respiratory  exchange  for  long  periods, 
and  c-arefnl  ob,*?ervations  of  tfie  animaFs  teinperatnre,  form  a  most  valu- 
able method  for  tlie  stuily  of  the  regtdation  of  tempera t\ire  by  heat 
production,  especially  sirife  ralorimctric  experiments  are  more  tediouBj 
difticulfc,  and  more  open  to  aceiih-ntal  sources  nf  ern>n 

In  tlie  case  of  warm-blooiled  animals,  a  fall  in  external  tcmjtera- 
ture  increases,  a  rise  iliminislies  the  intake  of  oxygen  and  the  out- 
put of  carbon  dioxide.  Crawford^  and  Lavoisier"  came  to  this 
conclusion  not  only  on  theoretical  grounds,  because  ihf*y  believed  that 
animal  heat  was  due  to  eonduistion,  but  fnir!i  th»^  results  of  direct 
experiment. 

^  JmtrtKj:  prtdi.  ChtvK,  Lt'ipzig,  1841\  R-l.  .\h  iii.  .S.  X^Tk 

'  *'  RediorcliPii  sur  IVquivaletit  nitWjiir|uc  <lo  li  rhultur/'  Paris,  1858  ;  **  Exposition 
analytiqne  pt  exji^Timeiitalf  fte  la  tlM-orie  nit^aniiiuc  de  la  <  lialcur,"  Pa,nX  1875,  3o  pdition, 
tome  i.  jj*  27, 

^  iJvutsrhis  Arch./,  kUn.  Mt^f.,  UlprAg,  1809,  IM.  v.  S.  27a. 

*  CetUrtiibL/.  d.  imd.  /r/Wiwi^/i»,  Berlin,  1871  j  Arch./.  Atmi,,  PhymoL  it.  winfien^h. 
Med,f  1872,  8.  i.  ;  1871,  S.  IS;  *' Unlersmeh,  uf^bf^  den  H*'lM'rhttrt4*n  Proci^ss  und  aeinc 
Bi^hanfllung,"  Bwrlin,  lH7;i,  S.  liQ, 

^  Arth,  lie  biol,,  Oflnrl,  1S«7,  tome  vii.  p.  27t». 

**  "  Experiments  «ud  01>eervatitjns  on  Animal  Ilent,"  1788,  2inl  tidition. 

'  f/ist.  Acad*  rmj,  d.  w.,  Paris,  1780,  p.  407- 
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Numerous  observatiouB  have  been  made,  ehiefiy  by  Pfltiger  and  his 
pupils,  upon  the  effect  of  changes  in  external  temperature  upon  the 
respiratory  exchange  of  animals  in  normal  ami  abnormal  conditions. 
The  results  of  Bome  of  the  most  important  experiments  will  now  be 
given  1^  — 


Tempeim- 
ture  of  Air. 

Intake  of  Oxygen. 

Output  of  f&rboa 
Dioxide. 

COj 

0, 

A^nimuL 

ObMrfw. 

e^^ 

2107  grma.  in  d 
hours. 

... 

Man 

weighing 

Voit,« 

fl"'5 

♦** 

206-0 

71  ki\m. 

9''0 

1S2'0 

•  .. 

14'^-3 

1551 

... 

23"  7 

164-8          „ 

... 

26' '7 

1600 

*.* 

30^-0 

l?0'fl 

». 

7'*3 

U96'66  c.c.    iMir  hour 
and  kito. 

1203*44  c.c. 

0*80 

pig- 

OoaftMotL* 

ir-a 

lOSS'S 

&3T-01    ., 

0'S6 

3" -64 

1856-8 

1564*3      „ 

0-83 

GumcA* 

Finkler.* 

26'^»21 

1118*5                  ,, 

1057 '4      », 

0*94 

pig. 

-6-6 

I7'48grinii.  in  6  hourn 

1983    „ 

Cat 

Henotf 

2^*0 

15-79 

17-87    ., 

weighing 

Carp 

12" -3 

17-71 

17-63    ,, 

1 

about  2*5 

Theodor.* 

ar-i 

12'7S 

14-34    „ 

•  •* 

kilos. 

29^*6 

13"91 

13-12    „ 

... 

-r-0 

'■' 

3016  c,c.    per  hour 
and  kilo. 

'" 

FigeoD. 

Corinmad 

17^'5 

1141 

... 

deiL* 

It  will  Ije  seen  from  the  above  table  that  the  respiratory  exchange 
decreases  witli  a  rise  in  external  teni|)erature,  until  a  ]x)int  al)ont  35' 
is  reached,  when  an  mcrease  in  the  metal»olism  occurs."^  The  response 
to  a  change  in  temperature  is,  in  the  ease  of  small  mammals,  almost 
immediate.*  Thus,  within  two  minutes  of  a  change  from  30'  to  18\ 
a  mouse  increased  its  output  of  carbon  dioxide  by  74  per  cent ;  within 
one  minute  of  a  change  from  33''25  to  17''5  the  increase  was  60  per 
cent.  The  response  to  an  increase  in  temperature  does  not  take  place 
so  quickly ;  tbus,  within  two  minutes  of  a  rise  from  18"  to  o4'*5, 
the  decrease  in  the  output  of  carbon  dioxide  was  18  per  cent.; 
within  one  minute  of  a  rise  from  17  to  Z2^,  the  tlecrease  was  5 
per  cent.  The  power  of  maintaining  a  const-ant  mean  temperature  is 
readily  tested  in  this  manner,  as  the  following  example  will  show 
(Peml>rey)  \ — 

*  See  also  th^  prernliiig  artide  on  "  ChtiuiHtry  of  Kejipi ration.*' 
^  Ztschr.f.  Biol.,  Mniicheii,  1878,  Bd.  xiv.  H.  hi. 

^  Areh,/.  d.  *j€S  Pht/sifJ,,  \^^m^,  1^77,  Bd.  xiv.  S.  D2. 

*  Ibid.,  1877,  lid.  XV.  S.  603. 

^Ztsrhr,/.  lUoL.  Mundien,  1878,  Bd.  .xiv.  8.  51. 

*  Arch  tie  hi  ft/.,  tJaud,  1SS7»  tonit^  vii.  p.  274. 

'  S«e    alao    Pajcjc,    Joitm.    FhjMiol.^    fJnTii bridge  and   London,    vol.    ii.    p.  228  ;    and 
"Chemistry  of  K<"S[>iratiaT]/'  tliiH  Textbook,   vol.  h  p.  712. 

*  Pemhrey^  Jt^urtt^.  rht/sioi.^  Cambridge  atiti  LoudoU|  1894,  vol,  xv.  p.  401, 
"Chemiatry  of  Respiration,"  this  Text-book,  vol.  i. 
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PROD  UCTION  OF  HE  A  T  IN  COLDBLOODED  ANIMALS.    849 
ComecuHve  Periods  of  Thiriy  Minutes, 


CO  3  m 
IlBeiinillJxTamme*, 

EstertiAJ 
Ttenapeniture. 

Remarkg. 

1055 
&18 
815 

ad3 

ir-0 
ir-0 
sr-s 

82"*5 

11' '0 

ir*o 

MouBG  ahivLTitig  and  active,  face  and  ears  pale. 

Mouse  less  active,  earn  pale. 

MouBfl  qaiet,  yweatingT  c^ars  flushed. 

Mo u»e  sprawl i?dotit,  sweating,  apparently  oeleep. 

MoMw  wakes  up,  becomes  very  active,  ears  pale. 

Mouse  quiet,  earn  fwile. 

The  Production  of  Heat  in  Cold-Blooded  Animals. 

One  of  the  most  chamcteristic  phenomena  of  life  is  an  exchange  of  material^ 
an  oxidation  which  re^nlts  in  the  production  uf  heat.  In  the  lowest  forma  of 
life,  both  vegetiible  and  animal,  a  eertain  amount  of  lieat  i,s  prtxiuced. 
Numerous  experimenb^  have  shown  that  this  is  so,  altlrongh,  owing  to  the 
cooling  effeet  uf  evaporation  from  the  nurface  of  the  b<jdy,  the  heat  produced 
may  be  masked  by  the  excessive  loss  ;  the  temperature  of  a  frog  may  be 
lower  than  that  of  the  air,  notwithstanding  that  the  animal  is  constantly 
producing  heat- 
It  is  unnecessary  to  give  here  an  account  of  the  temperature  of  plants,* 
but,  in  addition  to  the  facts  already  stated,-  further  details  must  be  brought 
forward  concerning  the  producti<>n  of  heat  in  the  lower  aniniala.  Hunter^ 
found  that  the  temperature  of  earth-worms,  slugs,  and  leeches  might  be  a  degree 
above  that  of  their  Burrou tidings  ;  a  carp  had  a  temperature  of  20 '*6,  a  viper 
one  of  20'',  when  that  of  tlie  surroundings  was  18  'G  and  li^i  respectively. 

In  bees,  even  in  winter,  the  capacity  for  producing  heat  has  already  been 
shown  to  be  very  great.  Next  in  point  of  interest  is  the  fat^t,  to  which 
attention  was  first  drawn  by  Valenciennes,*  that  pythons,  when  coiled 
round  their  eggs  during  inculcation,  maintain  a  temjiemture  even  20° 
above  that  of  the  surrounding  air.  The  following  arc  some  of  the  results 
obtained  by  Sclater,^  who  compared  the  temperature  of  a  female  python  with 
that  of  the  non-incubating  mnh',  which  was  kept  in  the  same  compartment  of 
the  reptile  house :— 


Dutai, 

Temp*retureftf 
Air  in  Den. 

Teroperatyre  of  MiJe, 

Temjpemture 
of  Feniiile. 

Feb.    12 
Marob  2 

lfi^«      J 

Ou  mirface,         21 '*2 
Between  fubK  23' '8 
Oil -surface,         22   0 
Between  folds,  24" '4 

22^-8 

28''@ 
35^-6 

*  See  on  this  aubjeet  Dutrochet,  Ann.  d,  ar.  no/.,  Paris  (Botanique)  1810,  Si^u*.  2,  toine 
xiii.  pp.  5  and  OS  ;  Gavarret,  "  De  la  chaleur  produite  par  ItA  etrea  vivants,"  Paris,  1855, 
tK  516;  Sa/*b3,  "  Pliysiology  of  riants,"  j>.  104;  Viiieg,  '*  Pliyaiology  of  Pknt^";  Van 
Tiegheni,  '^Traite  de  bota-iiique/'  Pari?*,  ISl^l,  tonic  i.  It  is  iuteii'sting  to  uoti»-"e  that  an 
ahiiormal  rise  of  tenipcrature,  fever  in  fart,  ban  been  oljaorvid  in  the  tiu^uea  around  a 
wound  in  a  plant. — Amuih  of  Boffmi/,  1897. 

="  Thia  article,  i>,  792. 

*  '*  Workft,''  Palmer  H  edition,  London,  1837,  vol  iv.  p.  131  et  seq, 

*  Compt.  rend.  Acad.  d.  sc,,  Paris,  1841,  tome  xiii.  p.  12fl. 

*  Proc,  Zool.  Soc.  Loitdm,  1862»  p.  365. 
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Forbes  ^  made  ainiilar  obstTvations,  and  found,  as  the  average  temperatures 
between  the  folds  of  the  body,  30''  and  3r*7  in  the  case  of  the  male  and 
female  respectively;  the  maximum  was  32° '1  for  the  male,  an*i  33* "8  for 
the  female,  Tbe  greatest  ilifri*ience  between  the  temperature  of  the  air  and 
the  surface  of  the  snake  waw  4" '6  in  the  male,  and  5'*3  in  the  female  ;  between 
the  air  and  the  eoils  of  the  snake,  6"'4  in  the  male,  and  9^ '3  in  the  female.  It 
is  worthy  of  not«  that  the  female  took  no  food  and  little  exercise  for  many 
weeks  before  and  during  incubation. 

In  some  fishes  a  temperature  several  de^nees  above  that  of  the  water  has 
been  observed.  Thus  Davy  -  found  the  temperature  of  deep-seated  muscles  of 
the  bonito  (Thynnm  pdamys)  to  be  37° "2,  when  that  of  the  sea  wa;?  26®.*9. 
The  tunny  {Thymine  tjnjmnn^)  is  said  to  have  a  similar  high  temperature. 

The  embryo  of  the  chick  must  be  looked  upon  as  a  eokbblooded  animal, 
for  it  ref^ponds  to  cliangeis  of  tempemtiire  in  a  .similar  manner^^  yet  even  at  an 
early  stage  the  production  of  heat  within  its  tis.sues  can  be  shown  to  be 
t'onsiderahle.  ThuB  Barensprung  ^  found  that  the  temperature  of  an  egg  on 
the  fourth  day  of  incubition  was  '6  above  that  of  a  deail  egg  and  '8  aboire 
that  of  the  incubator. 

The  Eegulation  of  Loss  of  Heat. 

An  animal  may  lose  heat  in  \'ariotis  ways — by  direct  conduction  and 
radiation  from  the  skin,  by  evaporation  of  sweat,  by  the  warming  of  air 
during  respiration  and  by  evaporation  from  the  different  parts  of  the 
respiratory  system,  by  raising  eoM  food  and  drink  to  the  temf^erature 
of  its  body,  and  by  the  discharge  of  urine  ami  faces^  Loss  of  heat  is 
controlled  chiefly  by  the  skin  and  the  lungs. 

The  distribution  of  the  hjss  of  heat  by  an  adult  man  in  twenty 'four 
hours  has  been  estimated  by  various  observers  as  follows  :— 


Vierordt. 


1  S  X  hy  tirJnp  iinrt  fipccf*  . .     - 

3  B%  bj  eiplnsH  air  .,  ,.  - 
7 '2*^  by  evniiorntion  ftmu  lunga  - 
H-6%   .,  „  „      Micin     ^ 

l^-QX  Ijy  rtdmtioD  and  conduction 
from  J&kia 


47,500  ciilori<M», 

3«4,120 
I,7»1320        „ 


2,W»,W» 


Helmholtz. 


Ludwig. 


\   10-3  >; 

78 -ft  V 


^%7t»jim 


Lo8S  of  heat  by  the  ekin— Radiation  and  condoction.  —  The 
amount  of  beat  lost  by  radiation  and  conduction  is,  within  certain 
limits,  in  proportion  to  the  tlifference  in  the  temperature  of  the  body 
and  of  its  surifiuudings ;  the  warmer  the  skin  and  tht'  colder  the 
surroundinj^s,  ttic  greater  will  be  the  hjsa  of  heat  The  heat  of  the  skin 
in  controlled  by  the  cutaneous  circnlation,  and  this  in  turn  is  regulated 
Ijy  the  central  nervous  syBtem.  The  general  result  is  that  the  cutaneous 
blood  vessels  are  c(uitracte<l,  the  circulation  is  smaller,  and  the  skin 
pale  and  cold,  when  the  external  temperature  is  low ;  on  the  other 
hand,  the  vessels  dilate,  the  circulation  becomes  greater  and  the  skin 
red  and   warm,  when    the   temperature   of  the  surroundings  is  high. 


^  Proc.  Zool.  Hoc.  London,  1551,  p.  960. 
"  "  Resi^arthaH/'  Lonflnn,  1839,  vol.  i.  p.  219. 

^  Perabrey,  Gordon,   and  Warren.  Jonm,   Physiol,,  Cambridge  and  London,  1894-9$, 
voL  xvii.  p,  331. 

*  Jirh.f.  Anni,,  PhystoL  w.  muemch.  Med,,  1851.  S.  131. 
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Thus  it  happens  that  the  aniiiml  \:m\  diminish  or  increase  its  loaa  of  heat 
according  to  its  needs. 

Other  conditions,  however;  play  an  important  part  in  this  regula- 
tion. In  the  case  of  man  the  epidermis  and  tlie  suhcutaneoas  fat  are 
bad  coDduotijrs ;  and,  hy  means  of  clothing,^  the  gi^eater  pirt  of  the  hody 
is  BO  protected  that  it  is  in  eontaet  not  witli  the  external  air,  hut  with 
a  fairly  stationary  layer  of  air,  with  a  temperatnre  from  24""  to  ^W .  In 
other  warni-bloode<l  animals  protection  is  afforded  by  the  fiu"  or  feathers, 
which  prevent  loss  of  heat  not  only  by  their  thickneas  and  slight  power 
of  conduction,  but  by  enclosing  strata  of  more  or  less  stationary  warm 
air.  The  more  stationary  the  air  the  less  the  loss  of  he^t,  for  the  body 
becomes  smTonnded  with  a  layer  of  air  having  a  temiierature  inter- 
mediate between  tliat  of  the  body  and  nf  the  atmosphere.  Thus,  during 
Parry  8  expedition  to  tlie  Polar  seas,  the  sailors  found  that  they  could 
better  bear  a  cold  which  would  free^^e  mercury  (  —  40^),  when  tlie  air 
was  perfectly  calm,  tlian  a  temperature  of  — 1:^*2  wiien  there  was  a 
wind."-  The  men  uf  Frauklin's  ex|iedition  had  the  same  experience.^ 
Farther,  the  capacity  of  dry  air  to  take  up  heat  is  nmeh  less  than  that 
of  raoist  air;  hence  it  happens  that  in  dry,  calm  air  several  degrees  below" 
zero,  much  less  sensation  uf  ctdd  may  be  felt  tlian  in  nmist  air  with  a 
temperature  a  few^  degrees  altovc  the  freezing  point. 

In  the  whale,  seal,  and  walrus,  the  thick  epidermis  and  the  large 
amount  of  subcutaneous  fat  so  perfectly  prevent  excessive  loss  of  heat, 
that  their  high  temperature  can  be  maintained  in  the  Arctic  seas. 
Greyhounds,  on  the  other  fiaud,  feel  even  nioderati'Iy  cold  weather  very 
quickly,  for,  as  the  result  of  selective  breediuj^,  they  have  little  fur  and 
hardly  any  subcutaneous  fat.^  Vierordt  ^  calculated  tliat  an  adult  man 
lost  1,791,820  calories,  or  73  per  cent,  of  the  total  loss  of  heat,  by 
radiation  and  conduction  from  the  skin  in  twenty-four  hours,  Maaje* 
from  experiment  made  with  a  thermoscope,  constructed  on  the  principle 
€if  Langley  s  bolometer,  concludes  that  tlie  heat  lost  by  radiation  from 
the  skin  of  an  adult  man,  wci^^hin^  82  kilos,  and  witli  a  surface  of 
20,000  square  cms.,  is  1,700,0^0  cal<>rieH  in  twenty-four  hours.  Similar 
experiments  have  also  been  made  hy  Stewart.^ 

Evaporation,— Benjamin  Franklin^  oliserved, duriut^:  the  hot  weather 
at  Philadelphia  in  1750,  that  his  tem^>erature  remained  nornnil,  although 
the  external  temperatnre  wus  37°"8  in  the  shade.  He  attributed  this 
result  to  the  cooling  effect  nf  the  evaporation  (tf  sweat.  This  was  proved 
by  Blagden  ^  during  Ids  experiiueuts  upon  the  effect  of  extreme  heat  on 
the  fnidy,  Wlien  tin*  air  was  moist,  tlu*  temperature  of  the  body  rose ; 
whereas  in  dry  air,  lieated  to  126**,  the  iemijerature  did  not  rise  above 
the  normal.  Intci  the  heated  room  two  jars  of  water  were  lirought,  and 
a  layer  vA  oil  was  placefl  on  the  surfact^  of  the  water  in  one,  with  the 

*Schust«T,  Arth,  f.  Rwu^  Mitnduii  lu  L^Mp;?i^^  188*.  R^i.  viii,  S.  1  :  Kubrier,  i-fiiV., 
18JM),  Bd.  xi,  S,  2;»fi,  ' 

-  **  JoiirriHl  or II  Set'urnl  VovajkCf  to  the  Arotiti  Rpgiuiis,  " 

•  Frankliiip  "  Journey  to  the  Polar  Sen,  1819-1&22/'  'lm\  i^dition,  yul.  ii.  pp.  27,  28,  See 
also  B088,  *'Karrtitivi*  of  a  Second  Vojagi'  in  Seanli  of  a  Nnrth-West  I'aaaflgc,"  London, 
1835,  pp,  285,  ^J87,  297. 

•  BergnianTip  **  Gittiugcr  Stiidir'n,"  1.^47,  Ahtli.  1,  S.  f.Ji.'i, 
^  "  Gnuidrisft  der  Pliyj>ioI.  dcs  MtnscliHL" 

"  Virr/toirs  Jrehir,  1887,  Bd.  cvii.  8.  17,  2^7. 

^  Stud.  Phijnid,  Lfffh  O^rnk't  CofL,  Mancheater,  18fll,  vol,  i,  p.  100. 

■  *'Experimt'!itsarid  Observatifiris  on  EI^ctrjL'ity,"  London,  1760,  p.  366. 

•  Blagden,  PML  Tram.,  London,  1775,  vol.  Ixv.  pp.  111  and  484. 
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result  that  it  quickly  boiled,  owing  to  the  absence  of  evaporation ; 
whereas  the  water  in  the  other  jar  rose  to  60",  but  did  not  boil,  evapora- 
tion taking  place  freely  from  the  surface  and  thus  cooling  the  water. 
Upon  the  loss  of  heat  by  evaporation  Crawford/  in  1781,  made  some 
interesting  experiments  upon  frogs ;  lie  compared  the  rates  of  warming 
of  a  dead  and  a  living  frog  by  expoetire  to  warm  air  and  to  warm  water, 
and  found  that  the  temperature  of  the  former  rr*se  more  rapidly  than 
that  of  the  latter. 

In  another  experiment  he  found  that,  when  the  air  waa  25*,  the  akin  of  a 
living  frog  was  20 ",  the  .^tomaeli  21'* "4 ;  when  the  water  was  16"'l,  the  skin  of 
a  living  frog  wasT  16^*2,  the  stomach  19^"2,  It  is  to  be  noted  that  when  the 
frog  was  kept  in  water  its  nose  wsus  above  the  surface,  so  that  it  might  breathe  ; 
in  this  way  heat  might  be  lost  by  evaporation  from  the  lungs.  Crawfonl, 
however,  conchided  from  hi.'*  experimt-nts  that  the  cooling  was  not  solely  due 
to  evaporation,  and  that  animals  had  the  power  of  "  pnjducing  cold." 

In  1810,  Delaroche '"  pnblished  some  instructive  experiments,  similar  to 
those  of  Blagdeti,  to  show  the  eilect  of  evaiioration.  He  placed  an  alcarraxa^ 
full  of  water  at  35*,  and  a  rabbit  whose  temperature  was  39 '7,  in  a  stove 
heated  to  45**;  the  temperature  of  the  rabbit  gradually  ro&e  to  43  '8,  while 
that  of  the  alcarraxa  fell  to  3r^4,  and  remained  stationary.  In  the  second 
experiment  he  placed  a  frog  and  two  pieces  of  moist  sponge  in  a  stove  heated 
to  36° '5,  and  found  at  the  end  of  an  hour  that  the.  frog's  temperature  waa 
Btationary  at  28^-2,  and  that  of  the  pieces  of  sponge  at  27° "9  and  27 "'S. 
Delaroche  contests  the  resultvs  of  Crawford's  experiments  on  frogs,  and  main- 
tains that  these  animals  quickly  take  the  temperature  of  the  water  in  which 
they  are  placed,  and  that  in  this  respect  there  is  no  difference  between  a  dead 
and  a  living  frog. 

According  to  the  calculations  of  Vierordt  and  Ludwig,  from  10  to  20 
per  cent,  of  the  total  daily  lo.sa  of  heat  in  an  adult  mao  is  due  to 
evaporation  from  the  skin  and  respiratory  tract.  Further  details  on  the 
discharge  of  water  from  the  ekin  and  lungB  are  given  ia  another  part  of 
this  work>  The  following  values  for  the  diBcharfje  of  moisture  from 
various  parts  of  the  human  skin  were  obRer%^ed  by  Waller:''* — 

24  mgrms.  per  20  sq.  cm.  (per  10  minutes)\ 

\  External 
i  tempera- 
ture, 20', 


The  influence  of  the  size  of  the  body  upon  the  regulation  of  tem- 
perature,—The  importance  of  the  relation  between  the  surface  of  the 
body  and  its  mass,  in  respect  to  the  loss  and  production  of  heat,  waa  first 
pointed  out  l»y  P»erj^mann.*'     The  bigger  an  animal  the  greater  the  ratio  of 

^  Crawfoiil,  Vkil.  "fmHS..  Londr^ii,  1781,  voL  Ixxi.  p.  485. 
-  DeJanji^bt%  Juma.  dcp/tifs.^  Paris,  1810,  tome  Ixxi.  pp,  294-296. 

^  A  porous  jar  uRcd  for  keeping  water  cool  in  liot  climates.  Se«  &ko  Edvardny  **Th 
rinilueiire  dfs  agoiis  ]fli)Bii[ues  sui  In  vit%**  p.  84* 

*  *' Clipuiistry  of  K<'f»piration, "  l\m  Text- book,  vol.  i.  p.  711. 

*  *'  Proc.  PhyhifjI.  B*u'.,,"  Jmirn.  Phiimol.^  Cam  bridge  and  London,  1894,  vol.  xv.  Far 
fiirtber  nliservationa  aep  I! tile  WbiEe,  (.roonian  Lcfturea,  Lancet,  London^  1897,  June  19 
and  26,  and  Brit.  Med.  Jonrn.,  London,  1897,  vol.  i.  p,  1654  «<  aef. 

«  **Gi>ttiiiger  Studien,"  1847,  Abth.  1,  8.  6B&. 
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its  volume  or  weight  to  its  surfact%  fur  weight  or  volume  mcreaBes  as  the 
cube,  surface  increases  as  the  square.  Thus,  if  the  dimenBioiiB  of  a  body 
be  increased  from  1  tt>  2,  the  surface  increases  from  1  to  4,  and  the  cubic 
content  from  1  to  8.  A  small  animal,  tliereforc,  has  a  far  greater 
surface  in  relation  to  its  weight  than  a  large  animal »  and  if.it  ia  to 
maintain  its  temperature  at  a  similar  height,  it  must  have  either  special 
means  for  preventing  an  excessive  loj^s  of  heat  or  a  more  rapid  produc- 
tion of  heat.  Both  of  these  means  are  employed,  and  so  etfeetive  are 
they,  that  tho  temperature  of  the  snuiUest  mainnmls  and  birds  is  often 
higher  than  that  of  the  biggest.  A  mouse  has  a  thicker  covering 
of  hair,  and,  relatively  to  its  weight,  a  greater  production  of  heat,  than  a 
horse.  Further,  as  remarked  by  BergTuann,  tlie  smaller  aiiiinals  need  a 
relatively  greater  supply  of  food. 

The  large  animals  living  in  the  tropics,  sueli  as  tiie  elephant  ami 
bippopoUimus,  are  often  remarkable  fnr  the  .smaU  amount itf  hair  upon  the 
body  and  for  their  love  of  bathing,  wherelty  the  loss  of  lieat  is  favouretl 
The  lai-gest  mammals,  the  wlitdes,  are  able  by  means  of  tlieir  enormous 
ftize  and  special  layers  of  fat  to  resist  the  cold  of  the  Arctic  seas,  and 
maintain  a  temperature  equal  to  that  of  mammals  living  in  tlie  tropica. 
Water-fowl,  especially  those  which  inhabit  cold  regions,  are  noted  for 
the  protection  atlbrdeil  against  cnld  l>y  their  down  and  feathei-s. 

These  indications  from  tlie  natural  histury  of  animals  are  fully  con- 
firmed Ity  experimeuUd  ^jljseivations.  Tiie  detennimitions  made  by 
Letellier/  and  by  liegnault  and  Keiset,-  show  that  the  intake  of  oxygen 
and  the  output  of  carbon  diuxide  aie  relatively  gi'eater  in  small  than  in 
large  animals^';  starvation  is  more  rapidly  fatal  to  smull  than  to  large 
animals,^  for  during  life  they  consume  a  relatively  larger  quantity  of 
proteid.^  Further,  iiuVtner  ^"  ints  iletcrmined  the  heat  production  of  dogs 
of  cUtterent  size,  and  Hnds  that  the  smaller  animals  produce  relatively 
more  heat  in  proportion  to  their  weight  than  the  larger  animals,  ami  that 
the  heat  productitai  is  proportional  to  the  siuface  of  the  iRnly.  The 
following  table  gives  some  of  tliese  results :— 


Weight. 

Kurfa<M*. 

Wiirfftre  fwr  Kiln, 
WeighU 

Ut-nl  rroduLliEiri  per 

Kilo.  iH-r  lJtt> . 

Air— 16', 

Huat  Production  per 

Sciuare  Metre  of 

SurtBoe- 

3r2 

18-2 
319 

^X.  Cm. 
m,760 

528tj 
3724 
2423 

Sit-  Oiti. 
344 

421 

nr.o 

673 
72a 

Kik-cal. 

;i5'«s 

46-20 

t]ltV07 
88 -07 

Kilo-raJ. 
1036 

1097 

1183 

1153 

1212 

Similar  results  have  been  obtained   by   I^uglois''  in   the  c^se   of 
children, 

'  Ann,  df  chim.  ct  phifs^^  Paris,  Ser.  3,  hmw  xiii.  p.  47S. 

3  Ibid.,  1849,  Iniiie  xxvi.  ji.  29G  ;  1863,  totm'  Ixix.  f».  129. 

'  See  jtrticlp  "L'hc'iniiitry  of  ReA|>imtion/'  this  Te.\t-houk,  vol,  i,  pp.  706-6. 

*  Chossat,  "Hoilierdiys  exfM^nimentjik^s  aur  I'luaiiiuoji,"  I'ariw,  1S43. 

•  Voit,  Hermann's  **  riaiidbncli/'  Bd.  vi,  S.  88, 

^  Btschr,/.  Biol.,  Miinchern  1S83,  B*!.  xix.  S.  fr35. 
'  CeiUraibLf,  Pkysioi.,  ttipzig  u.  Wion,  IS87,  S.  237. 
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Eulitier  calculates  that  the  tisfiues  of  a  rat  produce  five  and  one- 
third  times,  the  tissues  of  a  sparrow  thirteen  times,  as  much  he^it  a^  the 
same  weight  of  tisflue  in  a  man. 

TiiE  Influence  of  tbe  Nervous  System  upon  the 
Regulation  of  Temperature. 

The  nervous  system  exercises  a  I'lmtrt^I  on  hoth  of  the  factors 
concerned  in  the  reguhition  of  tenijjcrature;  upon  the  loss  of  heat 
hy  means  of  the  vasomotor  system,  whicli  regulates  the  amount  of 
blood  ill  tlie  deep  and  superficial  part-s  of  the  body,  and  by  the  respira- 
tory centre  wl)ich  controls  the  fretjuency  and  depth  of  respiration  ;  npon 
the  production  of  heat  through  tht^  nerves  which  control  the  activity 
of  the  tissues,  chietly  the  muscles.  The  control  is  of  the  nature  of 
a  reflex,  and  the  sensory  nerves  of  the  skin  and  muscles  are  probably 
the  most  usual  lines  of  the  afferent  impulses.  The  most  impoitant 
nervous  centres  are  the  vasomotor  and  the  respiratory,  but  in  addition 
to  these  and  the  so-called  *' motor"  centres  some  physiologists  maintain 
that  special  "  heat  centres"  exist  in  the  brain. 

Yasomotor  control  of  teniperature. — The  blood  distributed  to  the 
body  comes  from  the  heart,  where  the  temperature  is,  with  the  exc-ep- 
tion  of  the  liver  ami  a  few  other  internal  parts,  the  highest  in  the  body ; 
this  wanii  blood  is  carried  to  the  extremities  and  the  surface  of  the 
body,  where  the  temiierature  is  lower.  Now,  three  zones  may,  a8 
Kosenthal  ^  has  pointed  out,  l>c  recognised — an  internal  warm  zone,  an 
intermediate  temperate  zone,  and  an  external  cool  zone;  the  first  is 
represented  by  the  deep  organs  and  tissues,  the  second  by  the  more 
superficial  parts,  and  the  third  Ity  the  skin  and  subcutaneous  tissue. 
Under  ordinary  circumstances  the  temperature  will  decrease  from 
within  outwards,  for  the  most  important  seats  of  chemic^il  change  and 
heat  production  are  situated  witliin  the  first  two  zones,  and  the  loss  of 
heat  is  greatest  fnun  the  surface  of  the  skin.  The  blood  circulating  in 
the  vessels  distributes  the  warai  liiood  of  the  interior  to  the  superficial 
parts,  and  carries  back  cooler  blood  fr<uo  the  surface  to  the  interior. 
The  ditierence,  therefore,  in  teui}.terature  between  the  interior  and  the 
surface  will  depend  upon  the  rapidity  and  the  quantity  of  the  blood 
circulating  through  the  different  zones  of  the  l>ody;  this  diBtribution  \b 
regulated  by  tlie  central  nervous  system  througli  the  %^aso-constrict<ir 
and  vaso-dilator  nerves.  The  vasomotor  nerves  have  their  centre  in 
the  njedulla  oblongata,  and  probably  subonUnate  ones  in  the  spinal  cord; 
the  distribution,  however,  of  these  centres  and  nerves  is  discussed  else- 
where :  here  they  will  be  considered  merely  as  part  of  the  nervous 
mechanism  which  regulates  ti^mperature. 

When  the  cutaneous  and  subcutiineous  vessels  are  constricted,  the 
rpiantity  of  blood  distributed  to  the  skin  is  diminished,  the  difference 
bet%veen  the  temperatme  of  the  surface  of  the  body  and  its  surroundingB 
\e  less,  and  conset|uentIy  less  heat  is  lost  This  conditi<»n  is  brought 
about  by  external  cold,  and  thus  the  heat  of  the  body  is  economise*:!  and 
its  normal  temperature  is  maintained,  or  may,  under  certain  circum- 
stances, be  raiseil,  for  it  has  already  been  shown  that  tlie  first  effect  of  a 
cold  bath  is  to  mise  the  temperature  in  the  axilla  and  rectmu.  On  the 
other  haml,  exposure  to  warmth  causes  a  dilatation  of  the  cutaneous 
1  Hermann's  ^^Hwidbuch,"  1882,  Bd.  iv.  Tli.  2,  S.  381. 
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vessels,  the  (Ufference  between  the  temperature  of  the  ekiii  and  its 
suri-ournliugs  is  increased,  ami  Hkewise  the  loss  of  heat.  Thus  the  first 
effect  of  a  warm  bath  may  be  a  fall  in  the  temperature  of  the  internal 
|iarts-  The  los8  of  heat  hy  this  flushing  of  the  skin  with  hot  blood  and 
by  sweating  may  be  very  ^reat,  as  shown  [>y  the  rapid  fall  in  tempera- 
ture during  the  sweating  state  of  ague  or  the  crisis  of  pneumonia. 

Tliese  changes  in  the  calibre  of  the  vessels  can  be  brought  about 
reflexly,  not  only  hy  sensations  of  heat  and  cold  but  by  those  of  pain ; 
further,  emotions  can  efJeet  these  chiinges,  as  in  the  blushing  of  excite- 
ment or  shfime,  and  the  pallor  of  fright  or  anger;  in  fact,  emotions  may 
in  ditlerent  individuals  have  opposite  etl'ects  npon  the  vaseidarity  of  the 
skin. 

An  impression  conveyed  hy  the  sensory  nerves  of  one  part  of  the 
body  can  induence  the  calibre  of  the  vessels,  not  only  on  the  same  side 
but  also  un  the  ojiposite  siile.  Thus,  Brown-Sequard  and  Tliolozan/  found 
that  plunging  one  hand  in  warm  water  raised  the  tcjnperature  of  the 
opposite  hand  als<i.     Waller,-  however,  has  failed  to  confirm  this. 

The  explanation  of  the  part  played  l>y  tiie  vasomotor  nerves  hi 
the  regulation  of  temperature  is  ncit  so  simple  as  may  appear  from  a 
first  consideratimi,  for  the  ]uv>blem  is  complicated  by  tlie  fact  that 
an  iucrefise  or  decrease  in  the  vascularity  of  the  skin  is  aecnm- 
panied  by  a  similar  change  in  the  prcuhirtion  of  sweat;  further,  it  is 
possible  that  the  alterations  in  vascularity  may  affect  the  metal nilism 
of  the  tissues.  Upon  this  latter  point  there  has  been  considerable  dis- 
cussion. The  first  and  most  inijtortant  experiment  in  this  connection 
is  that  of  Bernard,^  who  found  tiiat  section  of  the  cervical  sympathetic 
caused  a  dilat-ation  (»f  the  libxid  vessels  and  a  rise  nf  temperature  in  the 
ear  of  the  san)e  siile.  The  enlargement  of  the  blund  vessels  results  in  a 
greater  and  more  ra]ii(l  flow  of  bbnul  through  the  ear,  and  this  w*mld 
naturally  raise  the  teni[jcrature  of  the  part.  Bernard,  however,  did  not 
look  upon  this  explanation  as  complete :  be  held  that  the  nervous 
system  regulated  not  only  the  circulation  but  also  the  j)roduction  of 
hefit  in  the  tissues,  for  he  states,  airnmg  other  arguments,  that  seclifm  of 
the  cervical  sympathetic,  after  ]aevious  ligature  of  tlie  veins  of  the  ear, 
still  caused  a  rise  of  temperature.  According  to  Bernard,  the  nerve  was 
both  vaso-conslrictor  and  frigorilic.  It  was  to  be  expectetl,  however, 
that  this  view  would  be  contested,  for  although  a  certain  amount  of 
heat  would  be  produced  in  the  ear,  as  in  the  metabolism  of  all  tissues, 
yet  that  amount  would  be  small,  for  the  ejirtilagn  and  otlier  tissues  of 
the  ear  are  not  t!ie  seats  of  an  a<"tive  excbjinge  of  mateiial 

Numerous  experiujenters*  have  decided  against  Bernard's  tfunuT»  and 
have  attributed  the  changes  in  the  temperature  of  the  ear  to  alterations 

'  J<mm.  tU  FanaL  riphysioh  He.,  Paris,  1858,  toiuc  L  \k  4^7. 

*  Nate  commuiikatea  to  tlie  writer. 

^**Lec;oiiB  siir  In  phvsiologio  vt  la  put!iolo;^ie  <lu  syHteiiiFj  tiurveux,"  185S,  tome  ii, 
p.  4&0  ;   *'  L(?4;oiiH  sur  la  eliaUiur  aninialo."  lS7*i,  \k  297. 

*  Brown^St'^jiuinl,  JM/.  Emm.,  Phi I^idiil claw,  1S.'>2,  |».  489,  jaihI  185:3,  p.  B;  Budg^, 
V&mpL  ffiid,  Acad.  d.  sc.,  Parin,  tome  xxvi,  p.  3"t7  ;  ZiKhr,  r.  d,  Vercln /,  Htilk.  in 
Prettsseit,  18&3,  BiJ.  xxii.  S.  149;  Waller,  t'ompf.  rrfid.  Jaut  d,  sc.^  Paris,  1854, 
tome  Jtxxvi.  p.  378:  De  KiiytiT,  **Df  iicttoiic  atr^jpif'  liMllndoiHiit','"  Dia,s.,  1853;  Schiff, 
**  UnteraiiclK  z,  Plivwiol.  d<'.^  XprveT3Nystcm*s,"  1^1*1*^  lid.  i,  S.  124  :  AUff.  Wkn.  rfied.  ^fg.f 
1859,  8.  ..ns ;  Kusantadl  and  Ti-iitis-r,  f/idenmek,  z.  A'aiurl.  d.  Jf-w.v^A.  «.  d.  77?i>rf, 
1855,  B<1,  i.  S.  92  ;  CalltrifcLs,  Ztschr.  /.  t*tL  JM/.,  IS.'iS,  Bd.  vii.  S.  157  ;  JacobBon  and 
Lanrlrp,  NethrL  Tijds*hi\  v.  fUncesk.,  Amfitfrdaiii,  Bd.  i.  Heft  '4  ;  Doiidcra,  WUnderlich'B 
*' Medical Tht?mioinetry,"[>.  148;  BavlisH and  Hill,  Joum.  Phy$ioL,  Cambridj^e  and  Londou, 
1894,  vol.  xvi.  p.  3r.l. 
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in  the  blood  supply  alone.  The  diii'ereiice  in  the  temperature  of  the 
two  ears,  after  section  of  the  eerviciil  sympathetic  on  one  side,  may  be 
even  as  great  as  12"  or  16',  hut  it  is  proportionate  to  the  dillerence  in 
the  quantity  of  bkjod  (Schiif).  If  the  two  subcdavians  and  the  carotid 
on  the  same  side  as  tlie  lUvided  sympathetic  are  ligatui*e<l,  the  temj»era- 
ture  of  the  ear  falls  below  the  normal,  owing  to  the  want  of  collateral 
circulation ;  on  tlie  other  hand,  the  temj:*erature  of  the  ear  can  be  raised 
by  ligature  of  the  sulxiiavians  without  section  of  the  symjmthetic  nerve; 
this  is  due  to  the  increased  pressure  of  blood  in  the  carotid  artery 
(Kussniaul  and  Tenner).  The  ears  of  a  rabbit  are  to  be  bjoked  ujion  as 
part  of  the  mechanism  for  regulating  temperature  by  the  varying 
ijuantity  of  blood  exposed ;  section  of  one  sympathetic  causes  a  fall  in 
the  temperature  of  the  ear  of  the  ojiposite  side  (Jacobson  and  Landre). 

In  addition  to  the  vasomotor  nerves  of  the  skin,  it  is  important  to 
rememl>er  that  the  vasomotor  nerves  to  the  resj>irator}^  tract  and  lungs 
may  play  an  important  but  suljordinate  part  in  the  regulation  of  ibe 
loss  of  heat,^  The  importance  of  this  method  of  legidation  without  doubt 
varies  in  different  animals,  and  is  greiiter  in  those  with  a  thick  coat  of 
fur,  as  in  the  dog,  who,  when  he  is  too  hot,  jmnts  with  open  mouth  and 
lolling  tongue.  This  rapid  respiration,  150'200  per  minute  in  heated 
dogs,  has  been  specially  studied  by  Ackerniann,'-  G(jldstein,^  and  Biegel  ;^ 
more  recently,  llichet  ^  Ims  shown  that  a  dng  gives  oH'  from  iU  respiratory 
tract,  every  hour,  about  1  grm.  nf  water  for  every  kilo,  of  its  body 
weiglit,  wlien  the  external  temjierature  is  moderate,  but  when  exposed 
to  a  hot  sun  it  discbarges  ten  times  as  much  moisture  and  increitses  its 
respirations  from  28  to  2M0  per  minute.  Any  e^use  wdnch  prevents  a 
dog  from  breathing  rapidly  and  freely,  such  as  a  tiglit  muzzle,  causes  a 
rise  of  two  or  three  degrees  in  the  aniniars  temperature. 

The  temperature  of  the  body  after  damage  or  eection  of  the 
Spinal  cord.— An  exandnatiou  of  the  numerous  ohservations  made  upon 
the  influence  of  injury  or  section  of  the  sj^iual  cord  shows  at  first  sight 
much  confusion  and  apparent  contradiction  in  the  results.  In  the 
majority  of  cases,  howe\'er,  the  results  can  be  Iiarnumised  by  taking  into 
acc4-»unt  the  numerous  factors  of  secondary  import.  In  the  first  jdace, 
the  exjHi'rinients  are  unly  strictly  comparable  when  they  are  i^rformed 
upon  similar  animals  under  similar  Ciinditions.  Thus  the  effect  will  vary 
according  to  the  level  of  the  injury  or  section  of  the  spinal  cord ;  a 
section  high  up  in  the  cord  will  involve  a  more  extensive  paralysis  than 
one  low  df»wn,  and  the  more  extensi^^e  the  j.>amlysis  the  smaller  the 
production,  and  the  greater  thi^  loss  of  heat,  owing  to  the  dilated  cutane- 
ous vessels.  A  sectifui  above  the  splanchnic  area  w^ill  obviously  have  a 
greater  effect  than  one  beluw  that  area :  a  section  high  up  in  the  cord 
will  interfere  witli  tfie  movements  of  respiration,  whereas  one  low  down 
will  have  i'omparatively  little  eflect.  Again,  an  animal  with  only  the 
lower  ex  trend  ties  and  jiart  of  the  trunk  paralysed,  may  be  able  to  main* 
tain  its  tpm]teiaturc  by  greater  variations  in  t!u»  production  and  loss  of 
heat  in  thr  parts  still  under  control.  The  size  of  the  animal  ifi  import- 
ant, for  the  bigger  the  animal  the  smaller  is  its  sirrface  in  relation  to  its 

*  Br*wirort]  and  Deuu,  Journ.  Physiol.^  Cambridge  and  London,  1804,  vol.  xvi.  p,  94. 
Here  an  a^cujunt  of  ^jrevions  work  uii  the  subject  will  be  fouDd, 

*  Deuts(h€4  Arch,/.  kHn.  Med.,  Leij^zig,  fed.  ii.  S.  301, 

^  Inaug.  Abbiiridlung,  reHiartd/.  d.  phys^-med,  Gf^iise/i,  in  IFiirzburg,  l$7l,  S.  l^S. 

*  VirchmDA  Archiv,  1874,  IkL  IxL  8.  3fld. 

*  Compt.  rerui.  A'oc.  de  hioL,  Ywivhi,  1887,  \k  48"i, 
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mass,  and  thus  the  loas  of  heat  due  to  vasomotor  paralysis  ia  lees  serious 
than  ill  a  Biiiall  animal.  Animals  also  ditlbr  in  their  method  of 
regulation  ;  some,  as  in  the  case  of  man,  have  a  \vell-deve!oped  vaso- 
moior  system  fur  tlu:^  cutaneous  surface,  which  is  so  sliglitly  protetited  by 
natural  covering:  others,  as  in  the  case  of  dogs,  have  a  tlnck  fur,  and 
regulate  their  temperature  chietij  by  variations  in  the  production  of 
heat  and  in  the  loss  of  heat  from  the  res]urator>'  tract.  The  distribu- 
tion and  jmrt  played  by  tiie  sweat  glands  varies  greatly,  as  shown  by  a  ' 
comparison  of  men  and  hearses  %vith  dogs  and  cats.  It  m  to  be  noticed 
further,  in  this  respect,  that  marked  iliH'ercnces  exist  even  in  individuals 
of  the  same  race  and  variety :  thus,  some  men  and  lioracH  sweat  nuich 
more  readily  antl  pi'ofusely  tlian  otlieis. 

In  addition  to  the  aho^e  factors,  it  is  necessary  to  consider  the 
external  crmditious  under  whicli  tlie  injured  animal  tinda  itself.  The 
external  tem|ierature  greatly  modiH(*H  the  part  played  by  the  loss  of  heat 
from  the  paralysed  parts.  Mo^t  ainmals  adopt  a  different  posture, 
according  to  their  nee<l  of  heat  or  cold ;  thus  a  heated  dog,  rabbit,  or 
moose  lies  with  extended  trunk  and  lindis,  wliereos  the  aame  animal 
when  it  is  cold,  coils  or  huddles  itself  together.  It  is  almost  unneces- 
sary to  point  out  that  a  paralysed  animal  could  Jiot  assume  these 
instinctive  postures.  A  normal  rabl>it  Lied  down  in  an  extended  positifui 
loses  an  ahnormal  rpjantity  of  heat,  and  its  tenii)erature  falls,  and  in 
some  cases  the  body  is  an  greatly  cooled  that  deatli  results.^ 

The  above  facts  nnist  therefore  be  borne  in  mind  during  any  ex- 
amination of  the  elTects  of  section  (sr  injury  of  the  spinal  cord. 

Attention  wiis  tirst  drawn  iu  the  inlhieuce  of  the  nervous  system  upon 
temperature,  by  tlu^  experiments  wml  clinical  olisci  valions  of  Benjamin 
Brodie.''  He  found  tfiat,  afti-r  the  ln^ad  of  an  animal  was  cut  off,  or  the 
cord  divided  higli  up  in  tbe  cervical  region,  the  circulation  of  the  Idootl 
still  i'ontinncd  when  urtiticial  respiration  Wiis  performed,  but  the  tern- 
perature  fell  even  more  ipnckly  than  in  a  dead  animal.  Tfiia  Brodie 
c<:>rrectly  attrilmted  to  tlie  great  loss  nf  luat  from  the  circulfLtiug  blood,  for 
if  the  cinidaUon  was  sln|H)ed  by  ligature  ijf  tlie  heart,  ibe  fall  of  tem- 
perature was  nirn'h  retarded.  It  was  also  found  that  wuoraru  (cutari)  and 
essential  oil  ^^i  alnmnds,  by  sitsjicnding  tlie  action  of  the  central  nerviuis 
system,  also  caused  a  fall  in  temperature.  Brodie  furtlier  compared  the 
discharge  of  cari>ou  dioxide  by  urnmal  rabbi t.s  with  that  of  rablats  with 
the  brain  removed  uv  puisoncd  by  wnnrara  or  tlie  essential  oil  of  almonds  ; 
he  states  tliat  tbe  same  qttiuitity  of  carbon  ihoxidc  is  hnnied  in  each  <jf 
these  eases,  and  therefore  that  the  heat  protluction  is  not  tlue  to  chemical 
change  but  to  uervtms  action.  This  conclusioji  is  not  warranted  by  the 
results  of  the  deterunuatious  of  the  resj^iratory  exchange,  and  the 
results  themselves  are  not  comparable,  for,  even  when  it  was  possible,  the 
experiments  were  liot  made  upon  the  .same  animals. 

The  woik  of  lliodie  led  to  nuujerous  experiments  and  discussions  on 
this  subject  by  Chos-sat,'  Hale,*  I^egallois/   Wilson   riiilip,*'  Hastings,^ 

^  LegallotH,  Ann.  dr  chim.  etpfnf».,  Palis,  1817,  H6r.  *J,  torn*'  iv.  \k  -'- 
^PkiL  JraTMf.,  Loiidou,  1811,  voi.  t-i.  p,  36;  1812,  voJ.  cii.  j-,  378  ;  M^tL^Clur.  Tram., 
London*  1837,  vol,  xx.  ]..  146. 

*  DeitUdi€s  Arcft,/.  tL  PhifSwL,  Halle,  1822,  BcL  vii.  S.  282, 

*  Lo-tul&n  Mfd.  ami  Phij^t.  Jouru.,  vol.  xxii. 

*  Ann,  (ie  e/tim.  d  phifs.^  Paris,  1817,  Snur.  2,  tome  iv. 

*  *'Kxpcnnient^ii  Inquiry  iiitu  the  Laws  of  tho  Vital   KLtiietioiiH,"  Luiiduii,  1818,  2tid 
edition,  ]k  1P7  tt  mq. 

^  Quart.  Journ.  Sc.  Lit.  and  ArU,  Loudon,  1823,  \'ol.  xiv.  ji,  96. 
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and  C.  J*  B.  WilLiamB.^  The  results  on  some  points  contirmed,  on  others 
contradicted,  Brodie's  eonclnaions.  Wilsun  Philip  found  that  artificial 
respiration  canBed  a  fall  in  the  temperature  of  inUiet  animals,  and  that  a 
slow  %*entiIaLian  preventefl  the  tempera Uue  of  the  l>rainless  animal 
from  falling  as  qutclvly  aa  that  of  a  dead  animal  Hastings  olttaineil 
similar  resnltiH,  and  Williams  eonhrmed  the  oltservations  of  Wilson 
Philip,  that  the  tempemture  of  a  hrainlesK  animal  might  even  he  slightly 
raised  by  artificial  respiration.  Ijegallois  cairied  ont  a  very  complete 
series  of  experiments  njiou  the  snhject,  and  came  to  the  fnlluwing  con- 
clusions:  that  a  hrainless  animal  npon  whieli  artificial  respiration  was 
performed  su tiered  a  reduction  of  temperatui'c.  hnt  it  was  frimi  one  to 
three  dcgices  less  than  in  a  dead  animal :  that  in  co4jling  through  a 
certain  number  of  degrees  it  parted  with  more  heat  than  a  dead  animal ; 
that  intlatioii  of  the  lungs  of  normal  animals  lowered  their  temperature,* 
and  if  the  ventilation  were  ciuitinned  for  a  long  thjie  they  might  die  of 
cold ;  and,  finally,  that  0  fall  in  tenr]*eratnre  might  lie  prothiced  by  any 
condition  which  eonstraineii  or  impeded  the  respiration. 

Tschesehichiir'  fouml  that  section  of  the  spinal  cord  between  the 
third  and  fourth  cervical  vertebrte  caused  the  temf>erature  of  a  rabbit  to 
fall  frum  :^8'"9  to  :I2  'L  This  heattrihnted  to  tlie  increased  h>88  of  heat 
from  the  paralyHC{l  cutaneous  vessels,  and  to  diminished  production  of 
heat ;  tlic  liigficr  the  section,  the  more  extensive  ihe  jmralysis  of  the  blood 
vessels,  and  the  grenter  the  loss  of  heat;  stimulation  of  the  peripheral 
end  of  the  cord  caused  contraction  iif  the  l>hxMi  vessels,  and  the  loes  of 
heat  was  less. 

In  rabbits,  section  of  the  spinal  cortl  at  the  commencement  of  the 
dorsal  region  en  used  the  rectal  temperature  to  fall  from  40"  to  24^  in 
five  flours  (Bernard).^  In  guinea-pigs,  section  of  the  njiper  dorsal  region 
produet^d  a  |>rogressive  fall  in  the  rectal  teinperatnre  from  ii8'*9  to  16^ 
ill  twenty-four  fiours,  when  the  animal  died  (Pochoy)/' 

Fischer*  found  a  rise  of  0'"5  to  l*"*?  in  the  temperature  of  do^  and 
rabbits  after  complete  secti<ui  of  the  cervical  portion  of  the  spijial  cord, 
but  nti  rise  when  tlie  ojieration  was  performed  in  the  dorsal  ur  hmibar 
regions.  He  concluded  that  an  itdiibitory  centre  for  heat  existed  in 
the  cervical  region  of  tiie  cord.  A  series  of  experiments  were  made  by 
Naunyn  and  Quincke"  upon  the  cHect  of  crushing  the  s]>inal  cord. 
They  selci'tcd  dogs  of  liirge  size,  and  with  thick  fur,  in  order  to  dimini&h 
the  importance  of  the  l*tss  of  heat.  They  found  that,  after  the  conl  was 
crushcti  at  the  level  of  tlie  sixth  cervical  vertehi*a,  the  rectal  tem])era* 
ture  fell,  unless  the  excessive  loss  of  heat  due  to  vasomotor  piralysis  was 
preventeci  Ijy  a  fairly  high  external  tem]»crature  ;  if  the  air  was  warm,  the 
tem[)emture  rnse  two  or  three  dcgices,  and  even  higher  after  death. 
These  observers  conehnled  that  there  were  nen^e  fibres  which,  |^»assing 
from  the  brain  to  the  spinal  ^-nrd,  inhibited  the  production  of  heat-;  and 
that,  after  section,  the  puodiiction  as  well  as   the  loss  of   heat  were 

*  '*01>seiTatioiiH  t>ti  tJie  Clmngi  s  |ir<KliicetJ  in  tin-  BI<>{xl  in  the  course  of  ita  Ciit:uUtiott«*' 
London,  1835. 

'See  ulso  Faweett  and  Hak-  Wliite,  Jintnt.  Pfn/sid.,  Cambridge  and  London^  189/, 
vol.  xxL  p.  435. 

^Arch.f.  J  net/.,  Pkff.noL  11,  uiiL^tiiiih.  Mtd^^  1866,  S.  151. 

*  '*Lei,'ons  siir  la  ilifiLnir  aniniale,"  1876,  p.  !<il. 
''Thea<?.  Cam,  1870. 

"  CiiUraihLj.  d.  mcd.   frUsn^itch.,  nerlin,  1869,  No.  17. 

"^  Arch./.  AjmJ.,  rht/shl.  u.  uias^u.'ich.  Med..  1869,  S.  174,  521, 

"  Sef^  nh,*  Ott  rtnd  CoUniar.  Joum.  .\err.  nud  AfatL  Dis.,  N. Y.,  ia87,  p.  428, 
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increased,  an<l  if  the  augiueiitation  nf  the  latter  way  not  exceaiiive,  the 
temperatnni  uf  tbe  body  rose.  On  the  other  hand,  lliegeP  t'oiind  tliat 
the  production  of  heat  was  diminished,  and  he  explains  the  rise  of 
temperature  in  Naunyn  ntid  Quincke's  cases  eis  due  to  absence  i>f  tlie 
rapid  breathing  wlierehy  normal  dtjgs  regtdate  their  temperature. 
Further,  Sebrotf-  f<)uud  a  rise  in  the  temperature  of  dogs  when  they 
were  kept  in  a  warm  ehamher  after  oj^ening  ut  the  spinal  canal,  without 
damage  to  the  sjihial  cord. 

Rosenthal"  repeated  Xaunyn  anti  yuineke*s  experiments,  but  never 
found  any  riwe  of  temperatme,  unless  the  animals  were  kept  in  a 
chamber  warmed  t(j  ^^2\  If  the  sectimi  was  inatie  lower  ilown  in  the 
cord,  more  muscles  remained  under  the  control  of  the  animal,  and  by 
the  eon  traction  of  these  muscles  more  beat  was  produced,  und  the 
temperature  raised  when  the  external  air  was  Wftrm.  Eosentbal  further 
points  out  that  it  is  ]jr<jbal>Ie  that  septic  fever  was  tfie  cause  of  the  rise 
of  temperature  in  some  of  Xaunyn  and  Quincke's  dogs. 

Pfiuger's*  exy>eriments  upon  the  respiratory  exchange  of  rabbits,  after 
section  of  tlie  spinal  cord  in  the  lower  cervical  region,  show  that  such 
an  animal  is  cnmparablc  to  a  cnld'Mi>oded  auinud ;  a  rise  in  external 
temperature  increases,  a  fall  diminishes,  the  metabolism  and  the 
temperature  of  the  animal  The  sjnu<'  result  is  even  mure  markcilly 
shown  in  the  case  f>f  a  smaller  aninuil,  Tims  tin*  following  figures 
show  the  etfect  of  sudden  changes  in  the  external  temperature  upon  tbe 
output  of  carbon  dioxide  of  a  mouse  before  and  after  section  of  the  spinal 
cord  in  the  lower  eerviwil  region  :  ^ — 
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We  may  conclude,  thereft^re,  that  in  itnimals  the  general  ettect  of 
aectinn  of  the  spinal  cord  in  the  lower  cervieal  region  is  a  fall  in  the 
temperature  of  the  liody,  due  to  a  reduetion  in  the  metabolimu  of  the 
paralysed  jrm.seJeB,  ami  to  excessive  loss  of  lieat  eonseitueut  upon  the 
viuHomotor  paralysis.  The  exceptional  rjises  appear  to  be  '\\i^  to  a  high 
external  temi)erature,  aurl  to  iuterbTenee  with  the  rate  f»f  respiration, 
which  in  dogs  plays  an  important  part  in  the  f linj^  nf  ifie  body. 

*  Arch./,  ii,  fff9,  Phfjsiol.,  Bonn.  1872,  Hii.  v.  S.  tJ2P, 

^  Sitznnifsh,  d.  k,  Akm(.  d.   IVimtnsch,  Math.-aalunr.   t'L,  Wieu,    Htl.   ixiiii.  AbtU.   3, 
8.  141. 

*  **Zur  Kenutnib'sd,  Wsirmei-egulierungbei  den  waiuibliitigen  Tloeren/'  S.  35  ;  Henuarm's 
*'  Hanabucli/'  Bd.  iv.  Th.  2,  S.  UiJ. 

*jTrh./,  d.  gc3,  PInjmol.,  \kmn,  1878,  Btt  xviii.  .S,  :J21. 

*  Petiibrey,   '*l'ruc.    PliysiuL  Hm./'  Joum.   /'Ayji'o/.,  Caml>ri»lge   am]    Lotidoii,   1894- 
1895,  voL  xvii 
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An  exaiiiinatiou  of  the  cases  of  crushed  spinal  cord  in  man  shows 
discordant  results,  in  some  cases  a  marked  rise,  in  others  a  fall  in  the 
temperature  of  the  body.  The  following  table  gives  the  chief  data  in 
some  of  the  cases  recorded : — 


Sex  and 
Age. 


M. 


!  M.,28. 


Seat  of  Injury. 


M.,53. 


Crush  at  level 
of  fifth  and 
sixth  cervi- 
cal verte- 
brae. 


Crusli  at  level 
of  fifth  and 
sixth  cervi- 
cal verte- 
bra;. 


Cm.sh  at  level 
of  fifth  cer- 
vical verte- 
bra. 


Temperature. 


iS'-Q  (lirF.),  be- 
tween scrotum  and 
thigli. 


85°  (95°  F.),  rectal. 


35'  (95°  F.),  rectal 
and  axillary  just 
before  death. 

Below  35'  (95"),  4 
P.M.,  first  day. 


I  Below  35^  (95),  6.30 
P.M.,  first  day. 

,  Below  35  (95  ),1 1.30 
I      P.M.,  first  day. 
36°-8  (98"-2),  mom- 

iijg,  second  day. 

36' -9    (98- -4),   even- 

I      ing,  second  day. 

38^^-9    (102"),    altt-r- 

noon,  third  day. 


M.,  36.  I  Crush  at  level    36' '9    (98^-4),    sixth 
I      of    seventh  1      hour     aft^r    acci- 
j      cervical  vcr-        dent. 
I      tebra.  I 

■  38-6  (101-5),  third 
i  day. 

38°-0  (100' -4),  fourth 

I  <iay- 

39-^-0    (102"-2),    fifth 

day. 
37-45  (99" -4),  sixth 

day. 

Crush  at  level  '  40'"0    (104^-0),    first 


Remarks. 


Diaphragmatic  breath- 
ing; respiration  slow 
and  irregular ;  pulse 
weak ;  countenance 
livid  ;  death  twenty- 
four  liours  after  acci- 
dent. 

Paralysis  extended  to  1 

in.  above  nipple  line ; 

patient  complained  of 

feeling  cold. 
Death  on  fifth  day  ;  no 

injury  to  other  parts 

of  body. 

Complete  paralysis  of 
all  limbs  ;  diaphrag- 
matic breathing ;  skin 
cold  and  dry ;  pulse 
72. 

Skin  cold  and  clammy  ; 
}>atient  complains  of 
feeling  cold. 

Pulse  50. 

Skin    warm    and    dry ;  ' 

]mlse  64. 
Skin  hot  and  dry.  • 

Death. 


Diaphragmatic    breath-  . 
ing ;  im}>erfect  paraly-  | 
sis  of  arms  ;   patient 
felt  very  cold.  | 

Skin  of  natural  warmth  ;  i 
pulse  72.  I 


Obterrcr. 


Brodie.* 


Hatchinaon.' 


I 


M. 


of  lifth  ccr 
vical  verte 
hra. 


(lay,  axilla. 


,  40-3(104  •5),second 
day. 
38-9  (102-0),  third 
dav. 


Pulse  99. 

Face  mottled  ;  pulse  84  ;  ; 
j       death. 

I  I 

I  Slight  i)ower  of  moving    Churchill.' 

I      slioulders   and    upi^er  ' 

arms  ;     skin     flashed 

and  very  hot.  i 

I  Pulse  96,  rcfjular,  quiet.  , 


I 


'  Med.  Chir. -Trims.,  London,  1837,  p.  146. 
"  Lancet,  Loudon,  1875,  vol.  i.  pp.  713,  747. 
^  Quoted  from  Hutchinson,  loc.  cit. 
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Swt  ol  IQI1117. 

Tempemture. 

Remarks. 

Observer. 

11-^ 

OrQfih  at  level 

4r'l  (lOr),   fourth 

40'''2  C104°*4)  on   foot; 

Churchill.  J 

amid. 

of  tifth  cer- 
vical verte- 
bri. 

day. 

patient  died  soon  after 
m  a  violent  fipaiim,  and 
a  quarter  of  an  hour 
after  death*  tempera- 
ture  in  axilla  — 43  '3 
(110^ 

M.,  48. 

Crush  lit  level 

3rT.  (92^-3),  on  n<\^ 

Temi>erftturej    tak^n   in 

Wagstaffe.i 

of  Hixth  cer- 

tnissioij    to     hew- 

buth  reptuni   and  ax- 

vical vorti!- 

jiltAl 

illa,  Jell  8teadtlv  until 

hrit  ;     frac- 

death. 

ture  of  flkull. 

27'''6  (sr-7),   forty- 
eight  hourM  later. 

Death. 

M.,22. 

Crush  between 

33  "f*  (93-0),  on  mh 

Pjitient  droway  and  pro- 

Lc  (JroH  Clarke.^ 

sixth    and         iniHHiDu. 

.slnite. 

seventh  cer- 

27"'3  (Sr-O).    a  few 

Dtath  about  forty -eight 
hours  after  accident. 

vical  verte- 

hoiirsbeforcdeatb. 

br®. 

lL,3d. 

Crush  at  level 
of    fourth 
ami     fifth 

Zi-5    {94''1),    fotir 
hourn     after     the 
jiccident» 

Billroth.' 

cervical  ver-  1  36-5  (97^7),  eighth 

tebrjp.             '      hour. 

1  4V-6      (106^*9),      7 

A.yt.f  aceond  day. 

42'"4(108'^3),lp.M., 

Death  at  2. 5  P.  M.  on  sec- 

Be<?ond day. 

ond  liav ;  iiost-mortem 
rise  to  4r  9  (lOr^) 

' 

in  ten  iiunutet. 

IL,  84, 

Cniah  at  level  1  37''6    (99  '7).     five 

Coniideto    mralysis     of 
tnink  and  limbH  :  dia- 

French  s.' 

of  fifth  ttud 

hourn    after    aoci- 

aixth  cervi- 

dent. 

pliragiimtic  breathing. 

cal    verte- 

40  -gfiofi'^extweifth 

bne.                     hour. 

12    1  (107^-8),  fifth^ 

tee  ri  til  hour. 

43^-6  (110'-5),  nine- 

teenth     h  n  u  r, 

eleventh  minute. 

43'"2  llOD  '7),  nine- 

Death. 

t  *■  e  n  t  li     h  0  u  r^ 

thirty-fifth     mhi^ 

lite. 
1 

These  disconlant  results  have  to  be  explained.  It  is  worse  than  useless  to 
say  that  the  effects  are  due  to  the  reniuval  of  the  regulating  influence  of 
"  heat  centres "  in  the  brain^  r  entres  \vhi>sf^  very  existence  is  problematicxiL 
Observations  upon  the  deep  and  surface  tempi  mature,  iuid  upon  the  amount 
of  moisture  given  off  hy  tln^  skin^  are  needed  to  sliow  whether  the  changes  in 
temperature  are  due  to  disturhanrt*  in  the  production  or  in  the  lojis  of  heat, 
or  more  proliably  in  both.  The  data  u|m:»ii  the^;e  points  are  insuflicient,  but, 
recently,  wuch  observations  liavf*  been  made  by  Pembreyj*  in  the  case  of  two 


'  Quoted  from  Hut  hinson,  ioc.  cil, 

-  Areh.f.  klin.  Chir.,  Berlin,  1S68,  Bd.  ix.  S.  161, 

*  Recorded  by  Lorain ,  *'  Do  la  tenipeiature  du  corps  hnmaiti,'^  tome  i.  p.  500. 

*  **  Proc.   PhysioL   Soe.,"  Jonrn,   Phtjswl,.  Camhridj^e   and  Loudon,  1897,  vol.   xxi. ; 
Brii.  Med.  Jouni.,  London,  1897,  vol.  ii.  p.  S83. 
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patients  sufTering  from  traumatic  section  of  the  spinal  cord.  The  general  result 
is  a  subnormal  temperature  so  long  as  the  patient's  condition  is  not  complicated 
by  other  internal  or  external  (Hsturbance.  The  Bubnorma!  tenipemtures  are 
due  to  excessive  loss  and  dimijrishcd  [iroductiou  of  heatj  owing  to  the 
vasomotor  and  motor  paralysis!.  The  section  of  the  spinal  cord  high  up  in  the 
cervical  region  aholisheR  the  power  of  regulating  temperature.  When  the 
patient  is  exposed  even  to  moderate  cold^  his  temperature  fidls  owing  to  the 
increased  loss  of  heat  and  to  the  diministied  production  of  heat.  On  the 
other  hand,  if  the  weather  he  hot  and  the  patient  be  too  well  covered  with 
bedclothes?,  his  temperature  rises,  and  may  reach  a  dangerous  height,  owing  to 
the  diminished  loss  and  the  increased  production  of  heat  in  the  Ixxly.  In  the 
paralysed  man  the  production  of  heat  rises  and  falls  with  the  external  tempera- 
ture. In  the  case  of  the  high  temperatures  there  are  several  factors  which 
may  play  an  important  part ;  the  paralysed  parts  soon  cease  to  sweat ;  in  fact, 
Ilorslcy  has  showii  that,  by  the  use  of  pilocarpine,  it  is  possible  to  localise 
the  level  of  the  injury  to  the  cord.  The  respiration  is  hampered,  it  is  only 
diaphraf^matic ;  the  ventilation  of  the  lungs  is  therefore  imperfect,  and  less 
heat  is  lost  by  the  cooling  of  the  inspired  air,  and  by  the  evaporation  of 
water  from  tlie  respiratory  tract  to  saturate  the  expired  air  with  moisture. 
Further,  the  warmer  the  paralysed  tissues  the  greater  is  their  metabolism  and 
production  of  heat. 

It  nat.Ti rally  follows  that,  in  cases  of  section  of  the  spinal  cord  in  the 
dorsal  or  lumbar  regions,  the  regulation  of  temperature  is  less  disturlied. 

The  influence  of  the  brain  upon  the  regulation  of  temperature. 
— It  is  impnBsii)It'  to  state  concisely  and  dngomtically  the  intluence  of 
the  brain  u|>on  the  temperature  of  tlie  body.  With  our  present  know- 
ledge it  is  only  perniissible  to  review  the  chief  results  obtained  by 
variouH  observers,  and  to  draw  scaue  liiovisional  conclusions. 

lu  1866,  TscheHchicbin  ^  ]niblished  the  results  of  experinient-s,  which 
showed  that  a  Bectiou  between  the  medulla  ol>longatft  and  the  pons 
Varolii  caused  a  rise  in  the  temperature  of  rabbits.  In  one  case  the 
rectal  tenii)erature  rose  in  two  hours  from  39*'4  to  42'*-6,  and  at  the 
same  time  there  was  a  cfurcs|>nDding  increase  in  the  rate  of  the  pulae 
and  respiration.  On  the  other  hand,  section  of  the  spinal  cord  between 
the  third  and  fourth  cervical  vertebra^  caused,  in  another  rabbit,  a  hll 
in  temperature  from  38'"9  to  :i2°'L  From  these  experiments  Tsehes- 
chichin  concluded  tliat  a  moderator  centre  exists  in  the  brain,  and  pre- 
vents the  excessive  activity  of  an  augmentor  heat  centre  in  the  medulla 
oblongata.  Lewizky-  repeated  but  could  not  confirm  these  experi- 
ments ;  he  observed  a  steady  fall  in  temperature  after  the  operation. 
The  subject  was  then  taken  up,  under  the  guidance  of  Heidenhain,  by 
i^ruck  and  G\nitber,^  whop  workin^^  upon  rabbits,  obtained  poeitiTe 
results  in  eleven,  negative  in  twelve  cases.  They  tVuind  in  on©  cases 
rise  from  ^?9'-/U  to  42" "5  in  the  rectal  temperature,  two  or  three  houis 
after  the  operation.  These  observers  further  found  that  simple  puncture 
with  a  probe  between  the  pons  and  medulla  was  more  effectual  than 
section,  and  tliey  noticed  that  the  rise  in  temperature  occurred  not  onlv 
in  tlie  interior,  hut  also  in  the  peripheral  parts  of  the  body,  a  fact  which 
indicates  that  the  rise  is  due  to  increased  |iroduction  of  heat.  Bruck 
and  Giintber  do  not  agree  with  Tschescbichiu's  view  of  a  moderator 
centre,  for  they  point  out  that  the  results  can  be  produced  by  electrical 

'  Arch.  f\  A  fiat,  Phii^ioL  w,  iPisaenncJi.  Med.,  1866,  S.  151. 

5  Jlrchowx  Arrhir,  1869,  M,  xlvii.  S.  357. 

3  Arch,  t\  ti.  ff€s.  Physiol,,  Bonn,  1870,  Bd.  ill  S,  678. 
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Btimulation  as  well  as  by  pimcture  of  that  portion  of  tlie  nervous 
system,  and  are  proliably  doe  to  trauniatic  stimulation.  It  is  to  be 
noted  that  irregular  nniseular  niii\ement8  were  obsen^ed  111  many  of  the 
cases. 

Schreiber/  from  the  results  of  experiments  performed  upon  rabbits, 
came  to  the  conclusion  tliat  a  rise  of  temperature  followed  injury 
to  all  parts  of  the  pons,  to  the  peilunculi  oerebri,  cerebellum,  and 
cerebruTu,  when  the  animal  was  protected  t>y  a  covering  of  wool  or 
flannel  a^'aiiist  excessive  lusa  of  heat ;  injury  lietween  the  medulla 
oblont^ata  and  the  pons  always  e^iused  a  rise  in  temjierature.  In  mosfc 
cases,  however,  the  rise  in  temperature  was  very  snialb  and  the  experi- 
ments were  often  cumidicated  by  qmsnis  of  the  muscles. 

Observations  ui^m  the  production  of  heat,  as  determined  by  a 
calorimeter,  and  also  upan  the  animars  temperature  after  lesions  of 
various  parts  (*f  the  ceutral  nervous  system,  were  made  l)y  Wood.* 
Section  of  the  spituil  cord  above  the  origin  of  the  aplanclmic  nerves 
produced  an  increase  in  the  loss  but  a  decrease  in  the  production  of 
heat;  on  the  other  hand, section  between  the  medulla  ol/longata  and  the 
jxins  caused  an  increase  m  Ixith  the  pi^jduetiou  and  loss  of  heat,  and  for 
this  reason  Wood  supported  the  view  *jf  Tscheschichin,  that  a  moderator 
centre  exists  in  ur  above  the  pons. 

Eulenberg  and  Landois^*  hjund  that  in  tlogs  destruction  of  a  portion 
of  the  cortex  of  the  brain  in  the  neigh bmirhood  of  the  sulcus  cruciatua 
caused  a  rise  of  temperature,  which  was  most  marked  on  the  side  of 
the  body  opposite  to  the  lesion :  they  looked  upon  this  eh'eet  as  due  to 
vasomotiir  disturbance,  lliese  results  were  confirmed  \^y  Hitzig  *  and 
Wood,  but  on  rabbits  Kiissner^  and  PL  Rosenthal,*^  obtfuned  negative 
results. 

Injuiy  to  the  front  of  tlie  brain  was  found  by  Richet^  to  produce  a 
rise  of  temperature,  and  Ott^  obtained  a  sinnlar  result  by  injury  to  the 
corpus  striatum  ;  this  oi^servation  was  con  firmed  by  Girard,^  Baginsky 
and  Lelimann.^*'  In  1885,  Arnnsfihn  and  Saclis^^  published  tfie  results 
of  an  important  series  of  experiments  upon  rabbits;  they  found  that 
puncture  with  a  juobe,  the  greatest  thickness  of  which  was  3  mm., 
had  no  effect  upon  the  temperature  of  the  inxly  when  the  operation  was 
performed  upon  the  front  part  of  the  cereluiil  hemisj)heres,  but  a 
puncture  piissing  thrimgh  the  median  side  of  the  corpus  striatum  near 
the  nodus  cursorius  of  Xothnagel  caused,  within  a  few  hours,  a  rise  of 
temperature  which  persisted  for  two  r>r  three  days.  The  rise  varied 
from  I''*?  to  -'"4,  and  could  also  be  produced  by  electric^il  stimulation  of 
the  corpus  striatum.     Control  experiments  showed  that  the  injury  to 

*  Arch./,  d.  ^€s.  Pkim^L,\k}\n\,  1^74,  K«l.  viii,  8,  57 'j. 

'"Fever,  a  Study  in  Morbid  and  Xnrnial  Physiology,  SmiJhson.  fWafrib.  Kn&tf'Lj 
Washington,  1880. 

^  CmtratbL  /.  d,  mid.  U'isitiiach.,  Berlin,  1S7'j,  No.  15;  Vitrhow.^  Archive  1876^ 
Bd.  IxviiL  a  245. 

*  CtniralU.  f.  d.  fried.  fFtsMiisrh.,  Berlin,  1876,  No.  IS. 
»  I  hid.,  1877,  No,  '45. 

*  **EinfluH>9  d^e8  GrosihimH  aiif  ilcs  Kori^nviirmp,"'  Diss.,  lii.nliii,  1877. 

'  U&mpt.  raid,  .S'or,  de  bioL,  I'jiris,  2fith  Mnrch  18S4,  }k  lH^if  ;  Vompf,  rend.  Acad,  d.  sc.f 
Paria,  31  at  March  1884  :  Arch,  df!  phtfs^ioi.  imrin.  tt path.,  Pahs,  tomv  vi. 

■  Jm/m.  N^rn.  and  AfenL  f^is.,  N.Y..  1881,  Nos.  7  and  8  ;  1887,  p.  152;  1888,  p,  561  ; 
Th^rap.  Oaz,,  Detroit,  18^S7  ;  Brain,  Lrjudoii,  18S9. 

^  Arch,  de physiol.  norm,  cf  patJt.y  Parin^  1886,  tanw  viii. 

'"  Virthmifs  Arrhii\  \sm.  Bd,  cvi,  S.  'JftS. 

^'  Arch.  f.  d.  g^!t.  Phynhf.,  Botm,  1885,  Bd.  xxiyii,  S.  232. 


864 


ANIMAL  HEAT. 


the  cortex  dxiring  the  peTformance  of  the  punctui*e  did  not  cause  any 
rise  of  temperature.  The  high  internal  tern] lera tine  after  puncture  of 
the  corpus  striatum  was  accompanied  by  an  increase  io  the  temperature 
of  the  skin,  aud  by  an  increase  in  the  respiratory  exchange,  and  in  the 
discharge  of  nitrogen  in  the  urine.  The  mean  result  of  the  detennina- 
tions  of  the  respiratory  exchange  was  as  follows :— 


RSCTAt.  TKMFKIlATtras. 

1 

OXTOIN. 

CAI.BOX  DlOHIMt. 

In  cc.  At  ii"  0.|  700  m.m.  per  KUo.  And  Hoiir^ 

BefoTe  pnnctaro 
After  pijucturo 

664° -0 

62r-? 

Aronsohn  and  Sachs  conclude  that  the  rise  in  temperature  after  the 
puncture  is  due  to  increased  production  of  heat,  and  increased  metabolism, 
arising  from  the  stimulation  of  the  corpus  striatum. 

These  experiments  have  been  repeated  and  extended  by  Hale  White,^ 
who  found  no  rise  in  the  temperature  of  rabbits  after  lesions  of  the 
white  matter  of  the  cerelirum,  but  an  almost  connt^mt  efleet  after  injury 
of  the  corpus  striatum  and  optic  thalamus.  In  the  cai*e  uf  lesions  of 
the  corpus  striatum,  the  rectal  tem])eratnre  rose  to  41**6  in  two  cases, 
to  41''!  in  eleven  cases,  and  to  40  in  eighteen ;  wliile  in  three  eases 
there  was  a  slight  rise,  and  in  tw(i  a  fall  in  temperature.  The  average 
rise  was  l'"7,  and  was  attained  within  four  to  sixteen  and  a  half  hours 
after  the  operations,  and  jiersisted  for  about  nixty-two  hours.  After 
lesions  of  the  optic  thalamus,  the  average  rise  of  temperature  w^as  V*A, 
Hale  White  concludevH  that  the  corpus  striattmi  and  the  o])tic  thalamus 
can  modify  the  temperature  of  the  body,  and  that  they  do  not  work 
directly  through  the  vasomotctr  system.  No  increase  in  the  discharge  of 
carbon  dioxide  was  obsei'ved  in  rabbits  after  damage  to  the  c^irpuB 
striatum.* 

Several  cjises  of  a  rise  in  teiuperature  in  man  after  a  ha&morrhage 
into  the  corpus  striatvun  have  been  recorded.^ 

Recently  Tangl^has  observed  the  effect  of  pimcture  through  tha 
anterior  part  of  the  optic  thalamus  in  horses.  In  one  ease  the  tempera- 
ture rose  to  40 ''8  within  twenty -four  hours,  in  another  to  40°  4  within 
sLxteen  hours  of  the  operation,  and  in  two  other  cases  there  was  no 
ellect.  The  temperature  remained  only  for  a  short  time  at  the  above 
height,  and  then  fell. 

Frederieq  ^  found  that  removal  of  the  cerebral  hemispheres  in  pigeons 
caused  practically  no  difference  in  the  daily  curve  of  their  reetal 
temperature.  This  observation  has  been  confirmed  hy  Corin  and  Van 
Bencden/^  who  have,  in  addition,  shown  that  the  pigeons  without  their 
cerebral  hemispheres  produce  the  same  amount  of  carbon  dioxide  and  heat 

^  JmiTTt.  Physiol.,  €amhndf*c  und  London,  1890,  vol.  xi.  p,  1. 

-Htile  Wliite,  Ciooiiian  Lecturer,  Laiieef,  Ijoiidoii,  1891,  July  10,  t^nd  Brii,  Med,  Jaum., 
Loiidotip  1897,  vnl.  iL  p.  71- 

*  Bourne vilk,  Ferrier,  J.  H.  Bryant,  Hale  Wlutp ;  references  given  bj  Hule  While,  BnL 
Med.  Jonm.,  Lomioii,  189J,  Utli  Nov, 

*Arch.  /  d.  fjes.  PhyAioi.,  Boon,  1895,  M.  Ixi.  S,  559. 

^Arch,  de  bioL,  Gan«i,  1882»  tome  iii,  p,  747, 

^Ihid,,  1880,  tome  vii.  p.  266. 


L 


DE  VEL  0  PM ENT  OF  HE  A  T  REG  ULA  TION.  865 

as  do  normal  pigeons.  The  rapid  ri«e  in  temperature  whieli  occurs 
when  a  hibernating  marmot  awakes,  ia  not  prevented  by  removal  of  the 
cerebral  hemisjiheres. 

An  imjkartial  examination  of  the  above  evidence  leads  to  the  verdict 
that  the  existence  of  tiie  so-called  '*  lieat  centres  "  in  the  brain  has  not 
been  proved.  In  the  firat  place,  the  results,  even  in  the  hands  of  the 
same  experimenter,  are  inconsiBtent ;  some  oliseiTers  obtain  exactly 
opposite  eflects  from  apparently  similar  lesions.  Further,  in  many 
cases  rabbits  ha%^e  been  used  for  these  experiments,  and  it  is  notorious 
that  their  temyierature  is  liable  to  considerable  variations  during 
operative  procedures,  E%*cn  if  the  existence  of  these  centres  he 
granted,  even  if  it  be  aHowed  that  after  puncture  there  is  an  increase  in 
metat>olism  and  in  tfie  production  of  lieat,  it  by  no  means  follows  that 
the  centres  are  special  centres  for  the  regulation  of  temperature,  and 
give  ott'  ''  thermic  nerves/' 

It  seems  more  probable  that  the  mechanism  f»f  heat  regulation 
has  the  same  cerebral  representation  as  the  voluntary  muscles.  In 
the  lower  warm -blooded  animals  the  representation  of  these  in  the 
cerebral  cortex  Is  not  well  developed,  and  it  has  likewise  been  shown 
that  the  removal  of  the  cortex  in  them  has  little  or  no  etlect  upon 
the  regulation  of  temperature. 


The  Development  of  thk  Power  of  Maintaining  a  Constant 

Tempeuatuue. 

In  the  cold-blooded  animal:^  there  are  traces  of  the  power  of  maintaiaing 
a  constant  temperature,  as  shown  hy  the  higii  teaiperatiire  which  a  female 
python  is  able  to  maintain  fur  man}'  weeks  when  she  is  incnlmtinf^^  her  eggs. 
This  insUmre  is  the  more  remarkable  because  during  that  time  the  python 
takes  no  food  or  exercise.  Further  iii.staiices  have  already  been  mentioned  in 
the  case  of  bees,  aiid  some  s|*ecics  tif  fi.yh. 

It  is  possible  to  trace  m  the  warm  blooded  aniiaals  the  gradual  develop- 
ment of  this  power  of  reji^ulation.  Thus,  during  the  dcvelupineMt  of  a  chick 
there  is  first  a  stage  in  which  the  embryo  ren'iponds  to  changes  of  temperature 
in  a  similar  manner  Uj  that  of  a  coldbloodeil  animal ;  then  a  stage  of  transition 
in  whi(!h  there  is  a  regulation  for  moderate  changes  of  temi>erature ;  and 
finally,  when  a  chick  is  hatched,  the  power  of  regulation  resembles  that  of 
a  warm-blooded  animal'  In  1824,  Edwards'-*  pointed  out  that  young 
mammals  and  hirds  may  be  divided  into  two  classes,  the  warmblooded 
and  the  coUbhlooded,  acc^irdin^'  as  they  an%  nr  are  not,  able  to  maintain  tlieir 
temperature  when  removed  from  tbi*  warmth  of  the  i>a rents.  The  difference 
!ie.«r  in  the  relative  development  of  the  two  classes— active  young  animals 
covered  with  fur  or  feathcr.%  as  in  ttic  case  of  tlie  guinea  pig  and  chick,  belong 
to  the  former  class )  while  young  animals  born  naked,  blind,  and  helpless, 
belong  to  the  cold-blooded  group.  The  inability  to  maintain  a  constant 
temperature  is  due  to  diminished  [irodnction  of  heat  on  exposure,  and  only 
secondarily  to  excessive  loss  of  heat.  It  has  recently  been  shown  that  the 
chick  and  guincapig  can  at  liirth  regulate  their  production  of  heat,  that  young 
cold-blooded  mammals  and  binls  arc  able  to  regulate  only  for  moderate  changes 
of   external   temperature  ;  for,  when  exposeii  ht  ctdd,   llieir  temperature  and 

*  Pembrey^  Gordon,  and  Warren,  Jount.  Physiol. ^  Cambridge  cmd  London,  IS94-96, 
voL  xviL  p.  33L 

^  **  De  ritifluence  dcs  agcoa  physi<|ues  sur  la  vip/'  1824. 

VOL.  1,-55 
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production  of  carl>oii  dioxide  fall,  and  they  resemble  cold-blooded  aidmals. 
About  the  fifteenth  day  after  birth,  they  resfKimd  to  a  full  in  the  teiupemture 
of  their  surroundings  with  increased  museular  activity  und  output  of  carbon 
dioxide,  and  thus  maintain  their  temperature  (Pembrey*), 

In  the  lowest  mammals  the  temperature  is  much  lower  than  in  the  higher 
members  of  the  grou|).  Thus  the  temperature  of  the  Echidna  hy^trix  is  27 '*5, 
and  that  of  the  Ornithorhynchus,  24" 'B/- 

Further,  a  hibernating  niarnmal  is  an  instance  of  an  animal  at  one  time  warm- 
blooded and  at  another  time  colibhlooded,  and  its  power  of  regulation  is  in 
many  respects  similar  to  that  of  an  immature  mammal.^  Additional  proofs 
of  the  gradual  development  of  the  power  of  mnintaining  a  constant  tempera- 
tiire  are  found  in  the  unstable  tempera tiire  of  infants  antl  animals.  In 
premature  and  weak  infant.s  the  power  *m  imperfect,  and  the  temf>eratnre  is 
below  the  normal."*  It  is  in  man  that  the  perfection  of  this  power  is  reached; 
he  of  all  animals  has  the  most  constant  temperature  under  extreme  differcncca 
of  external  heat  and  cold. 

It  is  impossible  with  our  present  knowledge  to  state  wliat  are  the 
structural  differences  wduch  accompany  the  develoimient  of  the  power  of 
regidati<uL  This  much  we  may  say  :  the  power  appears  to  be  asscxiiated 
chiefly  with  the  control  of  the  nervous  system  over  the  j^keletal  muscles  and 
those  of  the  blood  vessels.  An  amestlietic,  or  curari,  or  section  of  the  spinal 
cord  reduces  a  warm-blooded  animal  to  a  colddjlooded  condition ;  its  tempera- 
ture and  production  of  carbon  dioxide  vary  wdth,  and  in  the  same  direction  as, 
the  temperature  of  its  surroundings.  In  a  hibernating  ardmal  the  fall  of 
temperature  is  acrompanied  by  greatly  diminished  activity  of  the  muscular 
and  nervous  systems ;  and  the  sudden  rise  in  temperaturej  when  the  animal 
awakes  from  its  torpidity,  is  marked  by  a  sudden  increase  in  the  discharge 
of  c^irhon  dioxide  and  in  musculiir  activity.  Those  young  mammals  and  birds 
which  are  born  with  well-develujted  control  over  their  muscular  syetera,  are 
able  to  regulate  their  temjierature  even  at  birth,  whereas  those  boni  in  a 
helpless  condition  do  not  att4\in  this  jiower  until  a  week  or  two  after  birth, 
at  a  time  when  their  power  of  co-ordination  is  much  increased. 


The  Te^iperature  of  the  Body  after  Death. 

After  death  the  temperature  of  the  boily  generally  falls,  the  loss  of  hesi 
varying  according  to  the  difference  between  the  temperature  of  the  corpse 
and  that  of  its  surroundings  ;  another  important  faetor  is  the  surface  of  the 
borly  in  relation  to  it*^  mass,  for  the  corpse  of  an  infant  or  of  a  wasted 
subject  eoids  more  rapidly  than  that  of  a  well-developed  adult.^  In  aomd 
earSes,  however^  a  rise  ol  temperature  is  observed  in  the  corpse,  eBpeciallj 
when  death  has  resulted  from  t»-tanus,  acute  rheumatism^  typhoid  fever,  small- 
pox, cholera,  or  injuries  U-\  the  brain  and  spinal  cord.  A  few  of  the  cases 
recorded  are  giveu  in  the  foll<>wing  talile:— 

'  Joum,  rhtjiwL,  CaiuhnMgi}  ami  LonJoUj  1895,  vol,  xviii.  \\,  363. 
-  Mikloiaho  Maolay,  Proc.  Linn,  Soc.  Katr  Suitlk  tVales,  ISftS,  vol.  viii.  p.  425  ;  toL  ix. 
p.  1205  ;  Semoii,  Arch,/,  d.  ,j€s,  Phtmoi.,  BoTiti,  1894,  Rfl.  Iviii.  S.  22&. 

*  PeTiil«rf"V  and  Hale  Whik*,  Jonm.  Phtfsioi,,  CnmhrUlge  nmi  London,  18^,  vol.  tiz. 
p.  477. 

*  CroTiibie,  fndinu  Ann,  M^-tL  Sc,  Calcutta,  1S73,  vol.  xvi,  p»  697;  Raudnitx,  Zttckr, 
/.  BkiL,  Mimr  hen.  1888,  [U,  xxiv.  S.  423. 

*""  Taylor  and  Wilks,  fiuj/s  /frmtp.  Rep.,  Ivondon,  1S63,  p*  184;  ohaorVAlion*  on  oiw 
hiindreii  c!A«ea  ;  Sntton,  Br  it.  Med,  Jtmrn,,  Loiidnii,  1874^  vol.  i.  p.  153  ;  Uirlder  and 
Schniifit,  *•  Die  Vr  rdauiingssafte  tiiid  dcr  Stntrweclistl/'  S.  323  ;  Woma'-k,  St.  Earth,  Jie^, 
Btp.,  London,  1887.  voL  xxii.  p.  193;  Niderkorn^  **  De  la  rigidity  cAdarerique  olict 
rhomnie,"  Paris,  1672. 
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kwfonlMwIh. 

Teropemture  after 

Dfwwe. 

Plnoeol 
Observation. 

Obtenrer. 

4:*' 

PjieraiA 

Left  ventricle. 

Davy.* 

(3|  Li's.  ptMt-Tiioitem) 

42- -2 

SinidGiid<^ttth,  cnu»e 

It 

(5^  hrs.  post  mortem] 

uiitieteniiiiieil. 

AT'lh              1 

Sniall>|»ox-                1 

Aicilla. 

Simon.' 

(1  hour  (JOS t' mortem) 

44  -ri 

44^*5 

4r-i 

Sunstroke. 

t» 

Levick.^ 

44^*75 

45*4 

(57  mtti.  post-mortem) 

Tetanus. 

Wutidorllcb.* 

... 

4r"2 

Cholera. 

Rectum. 

Matikcnzie.* 

42**3 

43^-2 
(15  min.  j)o«t*mDrtem) 

Eryaipeiaa. 

A^tiUa. 

Euleuburg.* 

40" -4 

42 '-3 

(20in»u  jKJst-iiiorttim) 

41  *8 

tsuTislroke. 

f  1 

1* 
ThompiKJU.^ 

sr-i ' 

:j8  -3 
("Jojiii,  [w-^t  mortem) 

A[»opltxy. 

If 

De  Htten.*' 

41' '6 

(30  mm.  post-mortem) 

Tetauiifl. 

i» 

Lchmaun.^ 

43' -01 

44"  "03 
(1  hour  jHwt-mortem ) 

Pyemia. 

RectuuK 

Quincke  and 
BriegPrJ* 

42' -1 

43'*4 
(1  hour  tK>st-mortem) 

Pneuuionia 
deliriimi  tn^nit-us. 

11 

It 

\V'\ 

4;i  -3 

Cruab  of 

Axilla. 

ChunihillJ 

(15  mill,  iK>8t-mortem) 

»pit]&l  cortl. 

The  causes  of  thijj  poat-mortern  rise  in  temperature  liuvu  been  investigated 
by  various  observors.*-^  The  most  imjwjrtant  factors  are  these.  When  the 
circulation  and  respinition  ctiasr  ut  deatlu  the  nurmaJ  Imj^h  of  heat  from  these 
causes  and  from  swuittinf^'  also  conies  tu  an  end,  but  the  tissues  live  fur  a  short 
time  and  produce  heat  even  after  the  death  of  thr  i»rganisjn  as  a  whole.  If 
this  production  uf  heat  is  greater  than  the  Iu.ss  of  brat  frc^ni  the  corpse,  the 
temperature  risci? ;  if,  on  the  otlier  liand,  it  is  lest^^  tiicn  tlie  eliect  is  only  to 
delay  the  fall  of  tem[>erature.  The  m.-xt  source  of  beat  is  in  tlie  muscles  on 
the  onset  of  rigidity;  and,  finally,  when  decomposition  set^^  in,  and  tins  may 
after  j^orae  diseases  occur  exceedingly  rapidly,  there  is  a  further  production  of 
heat  due  to  putrefaction.  In  some  cases  tlie  temperutnre  of  a  corpse  does  not 
fall  to  that  of  the  atmosphere  even  in  four  or  five  dayi^,^-^ 

^  •*  R<?searelivs/'  Loiidinj,  I8:n).  vul  i,  \\,  2ii3!>. 

^  Ann,  fi.  Ckar,-Krankmk,  .    .    ,    ztt  Berlin,  1865,  Bd.  xiii.  Hefl  2,  S.  1. 

»  Penn,  Hosp,  Jkp.,  Pldladwlpldrt,  1868,  vol  i.  p.  360. 

^  Arch.  d.  HtUk,,  Leipzix,  H^'il,  Bd.  li,  S.  54  7. 

*  Lofuhn  Hosp.  IkjK,  v<4.  iii.  \k  4ft4, 

*  CetUraiM,/.  d.  rtud.   IVUsmsrh,,  lierliu,  nm,  Xo,  5. 
"^  Brit.  Mtd.  Jonnt.,  London,  L>th  July  1S70. 

•Quoted  tVorii  Valentin,  Ihutitrhcs  Arch.  f.  Uiii,  Mtd.,  Lt'ipzi^,  1869|  S.  20L 

*  Srhmi(U\<iJahrh.,  Leipzig,  \%m,  Bd.  rxxxix.  S.  ill. 

*<»  DmL^rhcif  Arrh.J\  Uin,  Jfed,,  Loip/ig,  lS7lt,  Bd,  xxiv.  S.  284, 
*'  Churclidl,  quoted  fmm  Hutduns^on,  Lanf^ef.  London,  1875,  vol.  L  p.  71-:l. 
i=*  Besides  those  aliove  i-nu nitrated,  the  NiHowiu^  may  he  intutionod  ;— yeume,  Thms, 
Leipzig^  1856  ;  Erl',  Dcttf.^ch^tArch.f.  ififi,  Mtd.,  Leipzig',  lS<ir» ;  Tln>nia^»  Arxh,  4.  lffiU\, 
Leipzig,  186S,  Bd-  Lx.  S.  17,  'M  ;  Coodliart,  Uril.  Mai.  Jourti.,  Lou^lnii,  1S74,  vol.  i. 
p.  303;  Hu[»p«n%  Arch,  d.  If* ilk,,  L«ip>:ig,  1S67.  Bd.  viii.  .S.  321  ;  Fiek  ami  Dybkowsky 
Vrtljsfkr.  d.  imlurf.  GrurfUh.  in  Zarith^  1  >67  ;  SihilT»r,  CrvimlhL J\  d.  aud,  JFuvtemch. 
Berlin,  1867,  S.  «49  :  Areh.f.  Amd.,  PhjswL  u.  vi'^>^tnMJu  Af>:d,,  1S6S,  S.  442. 

^  The  author  h  iiidel>ted  to  Uth,  Haldane,  Hale,  Whit^,  and  Waller  for  vahiahle 
suggestions  ou  various  iwinta,  dealt  with  both  in  this  and  in  the  prieedinfj  artick^ 


METABOLISM. 

By  E.    A.    SCHAFER, 

COJIfENTK  : — Introductory,  p.  868— Balance  uf  Nutritiou,  p-  871 — Coiii|»CM!ition  of 
Fcxjdstiiffst  p.  872— Heat  Value  of  Foodstuflfs,  p.  87 4™ Necessary  Ajjiount  of 
Proteid,  p,  875— Special  Constituentfl  of  Diet^  and  their  Eflect  on  iletaboliiim, 
p.  878--G€latin,  p.  878— Carbohydmtes,  p,  880— Fata,  p,  881— Inorganic  Sub- 
stances, p.  88i — Metabolmm  in  Inanition,  p.  887 — With  purely  Proteid  Diet, 
p,  891 — Relative  Metabolic  Activity  of  Tisaues,  p.  895— Nitrogenous  Mel4k 
Doliein,  p.  896— Infinence  of  the  Liver  on  Proteid  MeUiboJiain,  p.  900 — InEuence 
of  Muficubir  Activity  on  Proteid  I^Ietabolisnu  p,  911 — Metaboliam  of  Carbo- 
)iydrute.s,  p.  916— GlycogeM  formation,  p.  919 — Pliloridzin  DiabeteB,  p,  920 — 
Glycogejiesiftj  p.  922 — Puncture  Diabetee,  p.  1)26 — Action  of  Panereas  on 
Carbohydrate  iletabofifim,  p.  927— Metabolism  of  Fat,  p,  930— Source  and 
Formation  of  Fat,  p.  931— Action  of  Liver  on  Metabolism  of  Fat,  p.  935, 

Introductory. — The  word  "metabolism"  has  come  into  use  in  this 
count r J  as  the  equivalent  of  the  rierman  word  Slojftfyvhsel,  which 
strictly  means  '*  exchange  of  material."  The  subject  which  it  denotes 
embraces  all  tliat  is  known  or  conjectured  re^rding  the  changes  which 
occur  within  the  body  in  the  materials  of  the  food,  or  foodstufis.  and 
in  the  materials  which  compose  the  tissues  and  organs  of  the  body 
itself,  or  bodystiifls.  (leuerail}^,  however,  the  dij/esiire  changes  in  the 
food  are  excluded  from  the  scope  of  the  expression.  There  is  no  special 
reason,  other  than  that  of  convenience  of  description*  why  this  should  be 
the  case,  for  the  digestive  changes  in  the  f<)od  must,  Uke  all  other 
chemical  changes  occurring  within  the  body,  intluence  the  general  con- 
ditions of  the  economy.  The  usual  course  will,  however,  be  followed 
in  this  article,  and  I  shall  confine  what  I  have  to  say  to  tlie  changes  that 
occur  after  the  food  is  absorbed,  in  so  far  as  they  have  not  been  already 
treated  of  in  the  arti(des  in  this  work  dealing  with  the  chemistry  of  the 
urine  and  witli  the  chemical  procesHea  of  respiration  and  heat  production, 
bf)th  of  wliicli  subjects  constitute  essential  jmrts  of  tiie  wliole  subject 
of  metabolism. 

The  metabolic  changes  which  are  undergone  by  the  tis>sues  must  lie 
of  two  kinds,  which  are  opposite  in  nature,^  For,  on  the  one  hand,  the 
complex  molecules  which  constitute  living  tissue  or  bio^ylasm?  are  built 

^  Henng,  "  Vorgiiii^^t!  der  lebeiiik'ii  MaU*rie,"  Frag,  188S,  A  trauslation,  bj  Mi*»  F,  A. 
M>lhv,  of  tins  pxtr^mely  inqvortujit  and  interesting  article  will  be  tgutid  in  Brain^  Loadoa, 
1897/ vol.  XX.  p.  232. 

^  1  VI «e  tlie  word  bioplasm  ak  a  synonym  for  living  Hubstance,  rather  than  preieplatm, 
because  tlte  latter  word  lias  conie  to  have  a  definite  hUtolofjkal  ratlier  thnn  a  phynitefieid 
BJgnifiuation  ;  and,  on  the  one  band,  is  ussed  t^i  include  j^ortioDS  of  cell  snbstanc^  wliicK,  for 
aught  wt3  know,  may  not  be  iictually  living  matter,  wlnlat,  on  the  other  hand,  it  does  oot 
include  the  Hving  subtitaiice  of  the  cell  nncletis,  whifli  would  be  icchided  in  the  tsxpn 
''bioplasm/' 
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up  from  non-living  materials,  fiirmshed  by  the  fciod ;  and,  on  the  other 
hand,  they  are  broken  down  into  Biinpler  substances,  which  pass 
away  from  the  tissue  into  the  blood,  and  idtiraately  from  the  body 
with  the  excreta,  or,  aa  in  the  case  nf  secretory  glands,  directly  into 
secretions.  The  building-up  procc^n,  whereby  fresh  molecules  of  bioplasm 
are  formed,  has  come  to  be  s^xjken  of  as  an  analMjlic  change  {anaholism, 
ammilalion),  and  the  breaking  -  down  process  as  a  katabolie  change 
{kataiolisni,  dimmilation).  It  is  clear  that  tJiese  two  processes  will 
produce  opposite  e fleets  upon  the  l>ioplasni,  the  one  increasing  and  the 
other  diminishing  its  bulk.  But,  on  the  other  hand,  it  is  conceivable 
that  even  within  the  same  cell  there  may  be,  at  the  same  time,  both  a 
Iniilding  up  or  anabdic  change  proceeding,  so  that  fresh  molecules  of 
bioplasm  are  being  formed,  and  also  a  breaking-down  or  kat-abolic  change, 
affecting  nmlecules  which  have  been  fnnned  jaeviously,  and  the  net 
result  to  the  bulk  of  tlie  tissue  may  be  nil,  provided  that  these  two 
processes  balance  one  another :  that  is  to  say,  the  ]>ioplasm,  although 
imdergoing  active  metabolic  changes,  and  furnishing  products  of  its 
metabolism  to  the  secret i< jus  or  to  the  blood,  is  not  altered  in  amount 
(autonomous  equilibriuni).  But  altliough  both  processes  are  occurring 
simnltaneously,  they  nevertheless  do  not  exactly  balance  one  another, 
there  will  be  as  tlie  net  result  either  a  gain  or  loss  nf  liioplasm,  i.e.  the 
bioplasm  of  the  cell  will  increase  nr  diminish  in  amount.  If  e%Try  cell 
were  entirely  comi*osed  ^)f  liioplasm,  this  wmdd  evidently  involve  an 
increase  or  diminution  in  the  bulk  of  tlu»  cell  itself.  But  besides  the 
actual  bioplasm,  all  cells  Cfnitain  in  a  variable  proportion  products  of 
the  activity  of  their  bioplasm ;  "  formed  material/'  in  the  sense  of 
Lionel  Beale,  as  distinguished  from  *'  furmative  matter."  If  these 
prodncts  remain  within  the  cell,  it  may,  in  spite  of  the  fact  that  kata- 
bolic  processes  are  proceeding  :-witli in  it  more  actively  than  anabolic 
processea,  still  increase  in  bidk,  even  to  a  very  large  extent,  but  without 
any  corresponding  increase,  indeed  even  with  an  actual  diminution,  of 
its  bioplasm. 

Various  circumstances  may  deti'rnjine  the  general  tUrection  of  the 
metabolism  of  a  cell,  whctluvr  uffward  in  the  direction  of  increased 
anabohsm  with  increaBe  of  bioplasm,  or  downward  in  tlie  direction  of 
increased  katabolisin  with  decrease  of  bioplasm.  One  such  circumstance 
ifi  undoubtedly  tlie  amount  and  nature  of  the  pabulum  supplied  to  the 
oelL  Another  is  to  l>e  found  in  the  general  physical  cunditions  of  the 
environnientp  such  as  variations  nf  tenqierature,  siipj)ly  of  water  and  of 
oxygen,  and  the  like.  And  in  the  c^ise  of  many  animal  cells  we  may 
well  8Upj>08e  (and  indeed  the  ptmit  may  be  said  to  have  been  determined 
for  specific  instances)  that  impulses  derived  from  the  nervous  system 
may  set  np  respectively,  accordTug  to  itieir  nature,  or  the  nervous  channel 
along  wiiich  they  are  cnnvcyed,  metabolic  changes  in  either  an  anabolic 
or  a  katabolic  direction.  Thus  it  has  been  suggested  l»y  Gaskell  that  the 
heart  nerves  act  upon  its  musculnr  substance,  s(»  as  to  ]jroducc  respect- 
ively anabolic  changes  (vagus  hl>res,  inbibitory  impulses)  and  katabolic 
changes  (syinpatbetic  filu'es,  augmentor  and  accelerator  impidses),  accom- 
panied by  diminished  activity  in  the  one  case,  by  increased  acti\ity  in 
the  other.  The  possibility  must,  however,  be  also  borne  in  mind  that  the 
same  nerve  filires  nuiy  set  u]i  l>nth  anaUdic  and  katabulic  changes,  as 
when  a  secretory  nerve  is  stijuuhitcd,  ]>r<»\oking  it  may  be  for  hours  a 
discharge  of  products  of  kaUilnilism   fnun  secretory  cells;  for  it  is  iu 
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such  cases  necessary  to  assume  a  coutinuous  process  of  anaboUsm  going 
on  at  the  same  time  within  the  same  cells. 

Upon  evidence  founded  mainly,  but  not  exclusively,  upon  the  Investigation 
of  certain  electrical  and  visuai  phenomenaj  Hering  has  concluded  that  in  all 
cases  where  either  kataholic  or  aaa^iolic  changes  are  proceeding  in  any  portions 
of  bioplasm,  they  tend  to  render  the  bioplasm  more  and  more  resistant  to  the 
effects  of  the  excitation  winch  is  producing  the  change  (reaction) ;  that  in  any 
given  cell  the  longer  or  more  ^strongly  nietalxjlic  change,-?  of  the  one  character 
have  been  proceeding,  the  greater  will  be  the  tendency  towards  metabolic  changes 
of  the  opposite  character,  so  that  even  if,  as  vm\^  hajipen,  In  consequence  of  the 
action  of  an  external  stirauhis  (A),  anabolic  changes  are  proceeding  at  first  more 
rapidly  than  kattibolic,  so  that  the  balance  is  in  favour  of  the  building  up 
or  assimilation  processeii^  the  reaction  which  is  thereby  provoked  will,  after  a 
time,  by  increasing  the  katabolism  of  the  cell,  tend  again  to  produce  a  condition 
of  balance.  Only  in  this  case  the  balance  will  be  struck  with  the  general 
bioplasm  of  Oie  cell  in  a  condition  above  pur,  as  compared  with  that  from  which 
it  was  assumed  to  start  (A — allonomoiis  equilibrium).  And^  midaiiH  jfiutandit^ 
increased  katabolic  processes  due  to  external  i?timuli  are  (D)  assumed  to  produce 
by  reaction  an  increase  of  an^ibdinm  in  adjaitent  jwrtiou-H  of  bioplasm,  which 
increase  becomes  eventually  F^nflicient  to  balance  the  increiitied  katabolism 
induced  by  the  stimulus,  so  that  again  the  metabolism  of  the  whole  cell  strikes 
a  Vjalancc  as  it  were,  Imt  now  in  a  condition  below  pnr^  as  compared  with  the 
normal  (D— allonomouts  equilibrium)*  Upon  the  cessation  of  the  stimulus  in 
either  cast*,  the  tendency,  say,  to  increased  anabi>lism  being  removed  with  the 
stimulus,  the  oppr^site  condition  of  increiised  katab<ilism,  which  was  provoked 
by  the  increaf^ed  amil>olism,  will  for  a  lime  prevail,  and  tliere  will  be  a  falling 
off  of  the  general  assimilation  of  the  cell,  until  what  may  1^  considered  the 
normal  condition  is  again  estibli^he*!,  the  two  processes  again  exactly  balancing 
one  another.  And  the  sjime,  imifafia  mutitrnfiaj  for  the  removal  of  a  ^stimulus 
which  w^as  producing  a  condition  of  increased  anab^lism.  There  is  thos 
assumed  to  be  a  sort  of  inierual  s^fJf'WiJHHiinPui  tjf  rnetahfJmn  in  bioplasm. 

It  is  a  iKirt  of  the  theory  of  Hering  that  the  ana!M)lic  and  katalxilic  changes 
in  the  bioplnsui  are  the  direct  or  indirect  ai^ise  of  many,  if  not  of  all, 
pliysiological  phenmuena  exhibited  by  living  tissue,  and  that  the  prevalence 
of  one  kind  of  change  in  any  portion  of  bioplasm  w^ill  tend  t«i  start  a 
change  of  the  opjxjsite  kirul  in  adjacent  portions.  But  this  is  a  subject 
which  we  need  not  here  specially  conceni  ourselves  with,  since  the  most 
important  application  of  it  to  the  pxplnnatton  of  physiological  phenomena 
concerns  the  effects  produced  by  the  stimulation  of  the  retina  by  light,  and 
will  he  discussed  in  the  article  dealing  with  this  cjnestion. 

In  c<»nnection  with  this  ^ubjprrt,  one  other  point  must  he  borne  in  mind, 
namely,  the  possibility,  indeed  prtibability,  lliat  many  metabolic  changes  in  the 
body  are  not  ueces>sarily  associated  with  the  building  up  or  breaking  down  of 
bioplasm,  but  are  eifected  outside  the  actual  molecules  of  which  the  bioplasm 
18  composed,  although  under  the  iniluence  of  the  activity  of  the  bioplasm. 
Such  changes  as  these  ma\'  be  distinguished  from  tlic  nietilxjlic  changes  of  the 
bioplasm  itself  by  tlie  name  of  *'  ion  tact  changes,"  and  they  alsc*  involve  both 
the  building  up  of  complex  materials?  and  the  subseipient  breaking  down  of 
such  materials  into  simpler  products  associatetl  frequently  with  oxidation, 
8uch  contact  changes  are  analogous  to  those  which  are  produced  by  organised 
ferments,  such  as  yeast,  outside  the  actual  organism,  altlu*ugh  directly  by  its 
activity  J  and  they  must  be  sharply  diff'erentiate<l  from  the  changes  which  the 
hio[)lasm  itself  is  at  the  same  time  undergoing.  This  distinction  will  be 
referred  to  again  in  a  snbserjuent  section. 

The  understauilin'^'  nf  the  nietfl.holi(^  processes  presupposes  an  aequaintftnce 
with  the  conipnsilion  of  the  foodstuffs  and  of  the  bodystulfa,  l>oth  of  which 
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have  been  dealt  with  in  previout!  artii^les".  80  far  as  the  bodystnffs  are  con- 
cerned (and  to  a  somewhat  less  extent  with  regani  to  the  f»XHistuiis),  it  cannot 
be  mxA  that  we  jioasess  an  rteqnjiintarice  so  intimate  as  to  enable  us  fully  to 
understiitid  the  changes  which  they  undergo ;  and  aw  a  consequence  it  will  be 
found  that  ijur  knnwledgc  of  meUilwHsin,  in  Ppile  of  the  enormous  amount  of 
work  that  lian  been  done  to  elucidate  it  within  the  last  five  and  twenty  years, 
ift  still  ill  an  tnisatisfactory  condition. 

Balance  of  nutrition, -Tlie  tirat  deterniinatioiia  that  i-equire  to  be 
made  in  any  imiuiry  \\\U\  the  rnetalxilisin  of  the  body  are  those  of  its 
mcr»niiiig8  and  outifoingg.i  The  ineomingB  of  the  ImxIv  eoiisist  of  food 
and  oxygen :  the  f outgoings,  of  t!ie  various  excreta,  and  of  the  carlxjn 
dioxide  and  water  h»st  hy  the  lungs  and  i^kin.  If  the  inconnngfl  of  the 
body  exactly  hilanee  the  outgoings,  so  that  tlie  animal  neither  gains  nor 
loaea  weight,  the  l^Midy  is  said  to  be  in  com  phi  e  nutritive  equilibrimn. 

Siilfieient  iid^>rniation  <mn  be  usually  ol>tuined  regarding  the  balance 
of  metalxjlism  of  the  injdy,  if  the  nitrogen  and  carbon  only  are  determined 
in  the  ingesta  and  egesta. 

As  an  iuBtance  of  complete  equiHbrium  in  a  man  weighing  70  kilos., 
embracing  both  the  nitrogen  and  carbon  of  the  ingesta  and  egesta,  the 
following  Imlance  table  may  he  given  (Burdoii  Randerson-)  i— 


1 

iHcouijicm. 

OvTooJifiit, 

Food                     ,       N. 

c. 

ExcretA.                |       N, 

C. 

Proteida         »     lOOgrma. 
Fit        ,         .     100     „ 
Carbohydrates  250    „ 

15-5 

53 
79 
93 

Urine          .        .        .        U"* 
Fieces          ...           I'l 
Re»jHr&tion         

6^16 

10-84 

208^00 

15-5 

225 

15-5 

225 

We  may  almi  have  a  condition  in  which  the  body  either  gaine  or 
weight,  and  in  which  cnnseiiuently  the  inrrmiings  and  outgoings  do 
not  exactly  balance  (»iie  another,  but  during  which,  never thelesHp  the 
nitrof/en  which  is  taken  into  the  body,  and  tluit  which  leaves  the  body, 
may  strike  an  exact  balance,  wfnle  the  other  elenientB  which  compose 
the  food  and  excreta,  and  es|X'cially  the  carhnn^  hvflntgcn,  and  oxygen, 
may  not  be  siniilarly  balanced.  When  the  nitrogen  of  tlie  food  exactly 
lialanceH  the  nitrogen  excretcil,  the  body  h  said  to  lie  in  jiitroffenons 
rfiftilihriurfL  Uinler  thcKe  circunisUuices  we  may  a.s«ume  that  the  living 
material  of  the  tissues  (which  is  e8senti^dly  ciuufHised  of  nitrogenoua 
8uh.Htance)  is  neither  diminished  nor  increaserl  in  amtjunt;  whereas,  if 
at  the  same  time  the  other  cf»nstant  elements  of  the  fotnl — the  earlKHi, 
hydrogen,  and  oxygen- -ar(»  met  with  in  dimiidshed  or  incrciwed  ([uantity 
in  the  excreta,  we  may  assume  that  suhshinces  in  the  hrtdy  other  than 
the  living  tiawues  are  either  bectfUiing  kid  011,  or  becoming  diminished 

*  For  the  tnetliods  of  determining  these  may  Iw  consulted,  C.  Voitin  HenuttJin*B  '*Hiiud- 
Imch,"  1881,  Fki.  vi.  S.  i\  et  itfq.,  aiid  nuniirouH  pafwrs  wiiinh  luive  iic|>!_'ared  since  then 
chiefly  in  the  Arrh.  f.  d.  ff*'s.  Phffxiof.,  Bonn  (hy  Plhij^^fr,  Znnt/,  and  their  pnpila),  nnd  in 
the  Ztschr.  f\  fiiol .  Mnnehoti  {hy  V'oit  and  his  pij|nlM).  .S^e  ahti  v.  Noordi^n,  '^GruiKiriss 
einpr  Mt'thmlik  d<'r8t«>f1VH  Inid  Unternin  Jmii;;' n."  Tkrlin,  18P2.  For  the  methods  of  duler- 
mining  the  reHpiratory  prr>cbiitH.  sfu*  nrtide  '*  Chemistry  of  Ilespinition  "). 

*  *'  SyllahuH  of  LeeturcM  on  lliyxjohtgy/*  1879. 
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m  araoimt.  These  substances  are  mainly  the  fats,  to  a  much  less 
extent  the  carbohydmtes,  whereas  the  substances  which  form  the 
actual  tissues  are  composed  of  prnteids  and  nucleo-proteids. 

The  fuUowing  is  au  iaistance  of  a  biilance  table  ^  of  a  man  weighing  70 
kilo9,j  showing  nitrogenoue  equilibrium  only,  some  of  the  carbon  of  the  ingesta 
(mostly  representing  stored  fat)  not  reappearing  in  the  excreta  : — 


iNLXIMISOa, 

Ot'TOOl^OB, 

1 

FoodstiLflTs. 

N. 

C. 

Excreta. 

N. 

C. 

Froteida        .     137  grins. 
Fat       .        .     117     ,, 
Carbo-liydrftte3  352     ,, 

19-5 

^315*5 

Urine 
Ffficcs 
BtiBpiratioii 

17-4 
2-1 

12 '6 

14-5 

248-6 

19-5 

315-6 

10-5 

275-7 

Whether  the  niiiterial  which  forms  the  bioplasm  of  the  tisanes  has  an 
essentially  ditferent  molecular  con«titntiori  during  life  from  that  which  is  met 
with  in  it  after  death,  is  not  certainly  known ^  but  is  extremely  probable^  This 
is  obviously  a  point  which  is  diilkult  of  detenu i nation ^  because  we  cannot 
investigate  the  materiiil  compusing  bin|>la5^m  without  previously  killing  il 
All  we  are  able  to  do  js  to  determine^  aa  fjir  as  possible,  the  changes  which  the 
tissues  undergo,  by  investigating  the  product^s  which  they  give  off  during  life. 
Our  kn^iwledge  of  tlie^^e  products  h^s  led  some  physiologists  to  the  eonclusicm 
that  the  substance  of  living  material  is  composed  of  unstable  cyanogen  or 
aldehyde  compounds,  wliercas  it  is  well  known  that  dead  proteid  yieldi  boditt 
of  an  amide  nature,^ 

Composition  of  foodstuffs. — The  most  important  general  fact  that 
we  need  concern  ourselves  with  in  this  place  regarding  the  composition 
of  foodstuffs  is  that,  with  ordinary  mixed  diet,  they  are  composed  in 
certain  not  very  definite  proportions  of  three  chief  kinds  of  organic 
material,  namely,  prolevh^  carhohi/draks,  and  fafs;  in  addition  to 
which,  wairr  and  mlfn  are  a  necessary  jiart  i>f  the  food.  The  most 
general  proportion  of  these  three  primary  varieties  of  foodstuffs 
to  one  another  in  ordinary  diet  is  found  to  be  about  one  part  of 
proteid  nuiterial  to  from  four  to  six  parts  of  non-proteid,  while  the  non- 
proteid  L'oiiHtitucnts  stand  to  one  another  in  about  the  proportion  of  one 
part  of  fat  to  fiom  five  to  ten  parts  of  carbohydrate,  this  ratio  having 
been  arrived  at  by  iiivestig;iting  the  composition  of  freely  chosen  diets 
of  persons  in  various  <*ccu|iatiiuis  and  stations  of  life.  At  the  same  time, 
it  must  be  pointed  out  that  departures  from  these  proportions  are  by  no 
means  unfrequently  met  with,  and  especially  is  this  the  case  with 
certain  races  of  mankind,  <//.  some  of  the  Asiatic  races,  where  a  very 
much  larger  proj portion  of  non-proteid  material  is  ordinarily  taken  with 
the  diet  than  is  tfie  case  with  Europeans ;  W'hereas,  on  the  contrary,  in 
parts  of  South  America  and  Australia,  where  meat  is  plentiful,  the  pro- 
portion of  proteid  to  non-proteid  may  be  far  larger  than  that  above  given. 

^  C*  Voit,  Heniiaun's  *' Haiidbucb/'  l^i.  vi,  S.  513.     Tlie  table  in  tho  sitiiplitied  farm 
here  ^ven  ih  from  Neiia^f  inter,  '*  Ij^brbiich,"  pleua,  1897,  Aafl.  2,  S.  344. 
-  Cf.  Halliljurtnij,  litis  Text-book,  vol,  i,  p,  38. 


COAfPOS/TION  OF  FOODSTUFFS.  873 

On  the  whole,  however,  tlie  abnve  proportioua  are  found  to  be  fairly  well 
maintained,  the  ratio  of  carbohydrates  to  fats  in  the  diet  varying  more 
than  the  proportion  of  proteid  to  noii-proteid  nuiterial.  As  a  general 
rtile,  it  will  be  found  that  with  the  more  wealthy  classes  there  is  a 
relatively  greater  amount  tif  proteid  and  fat  as  compared  with  carbo- 
hjdi-ates :  whereas  witlj  tlie  poorer  classes  the  (mrbohydrates  increase  in 
proportion^  and  the  prot^ifis  and  fats  diminish.  With  a  diet  composed 
of  vegetable  matter  alone,  tbe  iiroportions  are  liable  to  be  considerably 
modified,  since,  in  order  to  obtain  a  sufticieiit  amount  of  proteid  from 
most  vegetables,  a  much  larger  proportionate  amount  of  carbohydrate 
food  is  inevitably  consumed.  On  the  other  hand,  since  with  Heah  food 
the  amount  of  proteid  necessary  for  carrying  on  the  metabolic  processes 
f>f  the  body  is  much  more  easily  obtained  than  from  vef^etable  food, 
and  since  flesh  food  invariably  contains  a  L-nnsidcrable  amount  of  fat, 
the  proportion  of  proteid  and  fat  to  carbuh}drate  is  apt  to  be  nmch 
gi'eater  than  the  normal  when  the  diet  is  mainly  composed  of  animal 
matter. 

For  the  determination  of  tln^  value  uf  the  chief  organic  materials  of  the 
foodstufifl  in  nutritioiij  tbe  m<>st  ini|Hirtaiit  p">int  to  be  ascertained  regarding 
their  composition  is  the  amount  of  uitrog<fn  and  t:arbon  in  each.  In  round 
numbers,  this  nmy  be  stated  as  follows: — Proteids  contain  15  to  IT  per  cent 
N,  and  50  to  55  per  cent.  C  * ;  animal  fats,  on  an  average,  765  per  cent.  C  ;  and 
carbohydrates,  such  a  a  starch  and  sugar,  40  to  45  per  cent.  C,  Since  the  amounts 
of  proteid  fat,  and  carbohydrates  in  all  the  ordinary  foodstufis  has  been  accur- 
ately determined,-  and  l^  given  in  the  form  of  talile.n,  it  is  not  ditlicult,  if  the 
amounts  of  eacli  wliicli  are  ingc^sti  <1  are  carefully  weighed,  to  determine  by 
calculation  the  total  X  anrl  C  of  the  ingesta.  For  very  accurate  work, 
however,  it  i.s  necei?sai"y  to  make  direct  detennination.H  of  the  N  and  C  in 
the  food  taken ;  this  is  cffef^t'cd  by  ordinary  chemical  method k  (that  of  the 
nitrogen  UBually  by  Kjc Maids  niethud). 

The  amount  of  flesh  or  fat  which  is  ut  any  tiine  Ijccomiug  lost  or  laid  on 
f^n  be  easily  a[iproxiniately  determined  hy  an  examination  of  a  balance  table, 
far  the  nitrogen  in  the  urine  reprc^^cnts  inetaholised  im^teid,  the  amount 
of  which  [^  arrived  at  by  multiplying  the  numbers  of  grms.  of  nitrogen  found 
by  6*25  (since  ]>roteids  contain  Ifj  per  eent.  N).  vSince  any  excess  or  deficit 
of  proteid&  represents  tlet^h  Io!^t  or  ]jdd  on,  tlie  amount  of  ^i\v\\  loss  or  addition 
can  he  directly  obtained  hy  talking  catdi  gramme  X  in  excesa  or  <leficit  U> 
represent  tJO  grm.^.  tlesh  (Biiice  Heiih  contains  about  3'4  per  cent.  X)  (Voit), 
And,  after  reckoning  o(V  the  carbon  which  the  jiroteiii  nietaboliseil  would  contain 
(53  per  cent.),  any  furtlter  excess  or  dehcit  tsf  carbon  in  the  inget^ta  would 
represent  the  carbi^n  of  fat  lost  or  laid  itn,  and  the  amount  of  this  may  be 
approximately  obUuned  Ity  multiplying  the  nmnber  of  grm.'i.  of  carbon  in  the 
excess  or  deticit  by  l%3  (sim:e  fat  contains  al>out  765  per  cent,  carbon).  Thus, 
in  the  Imlance  tiible  on  \\.  872,  the  man  nnder  observation  retained  3 9  "8  grras. 
C,  representing  52  grms.  fiit  laid  on. 

The  following  taiile  {from  Ilunge)  gives  tlie  percentage  composition  of 
some  of  the  chief  |oodstutr8 ;  the  remainder  in  each  case  is^  mainly  water  with 
a  variable  amount  (\i  salts — the  nnnibcrs  are  taken  from  Kbnig.  They  are 
giveji  in  inverse  order  to  the  projKjrtion  of  proteid  they  contain  : — 

^  Argittmaky  fletermiufift  the  pprnentago  eonipoMtion  of  hecf,  coaipletdy  divested  of  fat 
and  dried,  to  be  hh  folkiws  :— C  4^16.  N  15:^,  H  G  il;  0  +  S  23*0,  asli  5*2  {Jrch,/,  d  if^s. 
Phynd.,  Bonn,  1893,  M.  Iv.  3.  a 45). 

*  Koni^,  "*Cheajie  del  ineiirtcld.  Nahrarigs-u.  GenusKmitlel,  '  Bcdin,  1S82,  Anil,  2. 
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FoodstuiT. 

Froteid. 

Fat, 

Cvtmhjdrate. 

Ap[i1e« 

0*4 

IS 

CftTTOtS         . 

V\ 

0-2 

9 

Poutoes    , 

2 

0*1 

20 

Htituan  milk      . 

2 

i 

6 

dahbogeii  . 

3-3 

07 

7 

Cow*a  milk 

31 

4 

5        \. 

Eko  .... 

8 

0  9 

77 

Maize 

10 

46 

71 

Wheat 

12 

1*7 

70 

White  of  eggs    . 

13 

0-3 

Fatiwrk    . 

15 

37 

... 

Yolk  of  oggs 

16 

32 

Fat  beef    . 

17 

26 

Fiah  (pike) 

13 

0-0 

Lean  beef  . 

21 

1-5 

Peas  .... 

23 

1-8 

58 

Heat  value  of  foodstuffs. ^ — A  most  important  defcerminEtion  to  be 
made  reLriirdiugiiny  diet  is  its  caloric  (caloriHc)  value.  This  is  aiTivetl  at 
by  multiplying  the  nuiiiherof  gi^ammes  of  its  several  organic  constituents 
by  a  number,  determined  by  exact  oxiieriment,  representing  the  amount 
of  heat  produced  b}'  the  <>xidatinn  (if  1  grin,  of  the  carbohydrate,  fat,  or 
proteid  to  water  and  carbon  dit^xide  ami  to  urea.  Such  calorimetric 
experinientH  were  first  carried  out  systeroatically  by  Frankland,^  who 
determined  the  calorie  value  of  various  articles  of  diet»  and  his  results 
have  since  been  extended  and  contirnied  or  amended  by  various 
observers.^  using  impro^'e^l  calorimetric  methoils. 

According  to  Rubner,  the  average  caloric  value  of  the  proteid  of  the 
aliment  is  4124  pab»ric^,  \x.  1  gnn.  jiroteid  oxidised  to  urea  yields  4124 
grm.  degrees  (or  4'1  kilfigraui -degrees)  of  heal :  of  the  fat,  9H21  calories 
(9\:i  kilograMi-ilegrees);  and  of  the  carbf)hy*lrate  (starch),  4116  calories 
(4'1  kilogram-degrees).  Applying  these  numbers  to  Voit's  tliet  (see 
next  page),  we  obtain  in  rnnnd  numbers— 

105  grmft.  assimilated  proteid  x  4*1  -    430 

56      „     fjit  X  9%1  =    520 

500      „     <  arVnihydrfite  x  4^  =  2060 


=  3000  kilo-calories, 

or  3,000,000  calories,  as  the  energy  value  per  diem  of  the  fnml  of  a  man 
of  aljout  70  kilos.,  doing  hard  innscular  Wfjrk. 

Thin  fiiijuunt  is  probably  a  little  loo  high,  .since  the  whi>le  of  the  fat  and 
carbohydraie  of  a  mixed  diet  is  nut  Lu^rtiiiiilateil.  Knbner  e.stiuuite^  the  actual 
prodin^tii^u  at  2j84^i,U00  ealories.  Hultgren  and  Liiutergreiij  however,  found 
that  Swii^dish  w*irkiiif'iij  <«f  a  a  avi^rage  weight  \A  unly  f>7  kilos.,  consumtnl  on  an 
average  fter  diem  159  giuis.  [iroteid,  93  gruis.  fatj  and  570  gnus,  carhuhydratc, 
which,  even  allowing  for  thy  iion-nssimiiaLion  of  a  certain  projsortion  of  each, 
would  still  give  a  higher  caloric  value    for  tlie  total  foodstufls.      Probably, 

1  **Oii  th*^  Origin  of  MuRular  Power,"  LondoHj  Edinbitrght  and  Lhihliti  Phil.  Mi»g., 
f^^inhai,  180*),  vol.  xxxii.  j«.  182. 

-  8to}iiitunii,  Jtmrn,  f\  prfilL  Chfm.,  Lf*ipzig,  1879,  fJtl.  six.  8.  llfi  •.  Zf9^r,  f.  Bio(*^ 
Mtluditn,  1894,  n<K  \\'\\.  S.  Uii4  ;  Danikwsky,  Arch.  /.  d,  tje^.  Phy»iof.,  Bonn,  18S6,  lid. 
xxxvi.  »S.  2;!7  ;  Kubiier,  Zbtchr.  /.  Ukd.,  MuiK-hen,  1S83,  Bd.  xix.  S.  313  j  1885,  Bd.  »3ti, 
S.  250  u.  :137  ;  1886,  BJ.  %ii\L  S.  40  ;  1894,  Bd.  xxx.  8,  73. 
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therefore,  3000  kilo-ca!oriefl  may  be  taken  as  a  fair  average  for  the  caloric 
value  of  the  ingesiU  of  a  man  weighing  about  70  kiios.,  whicli  would  give 
about  i3  oalorie.*^  for  Rach  kilogram  body  weight.^ 

Id  women  the  amount  is  somewhat  k^ss  than  this,  Ijtnth  absolutely  and  also 
relatively.     In  children,  though  absolutely  leufi,  it  is  relatively  greater. 

Since  tlie  combustion  of  1  grm,  fat  produces  9*3  kihj-calorieB,  and  the 
combustion  of  1  gini.  pmteid  to  urea  CO.,  and  1IJ3  and  of  1  *^rm.  starcli 
to  (JOj  each  produces  4'1  kilo-culoriea,  the  conil>UHtion  of  100  grma  fat 
will  produce  an  ec^ual  amount  of  energy  with  the  combustion  of  2li7  grms., 
either  of  proteid  or  of  starclL  11) is  amount,  therefore,  of  proteid  or  of 
starch  ia  said  to  be  of  th(*  saine  "  isodynamie  value"  aw  100  gi^ms.  fat. 
U  has  been  abown  by  the  carefully  conducted  calorimetric  investigations 
of  Kubner,^  that  the  isodynamic  values  are  as  nearly  as  possible  the 
flame,  whether  the  conibuwtion  (M-curs  in  air^  f»r  in  the  tissues  of  the 
animal  body.^ 

Minimal  amount  of  proteid  necessary  in  food* — There  has  been 
mucli  disputation  as  to  the  ininiirial  amount  of  })roteid  wliich  it  ia 
possible  for  a  man  in  healtti  and  doing  work  to  take  in  his  diet  in  the 
course  of  twenty -fovn^  hours.  Ivanke  gave  as  a  nor  null  <liet  for  an 
average  man  (70  kilos,)  not  engagcil  in  muscular  work,  100  grms.  of 
proteid,  100  grms.  of  fat,  and  -i40  grms.  of  carbohydrate/"*  Voit 
aUowed  for  a  man  of  70  to  75  kiloa.,  doing  ten  hours'  muscular 
work,  lis  grms.  of  pn^teid,  50  grms,  of  fat,  and  500  giins.  of  carbo- 
hydrate.^ It  has,  however,  been  shown  that,  provided  the  non-proteids 
in  the  diet  are  iJicreascd — not  only  in  proportion  to  the  calcaic  value  <jf 
proteid  withdrawn,  but  considerably  more  than  in  such  proportion — a 
man  can  maintain  e«[ui[ibriuni  and  can  do  work  npon  considerably  less 
proteid  than  that  allowetl  in  tlie  diets  of  Hanke  and  of  Voit. 

Thus  Hirrtchfeld  (70  kilos.)  ^  found  that  hu  could  maintain  himself  fnr  a 
corLaideTable  time  in  pt^rfect  he^iUh  with  a  dinunutiun  of  proteid  down  to 
75  grms,,  or  even  for  a  time  down  to  49  grms.  per  diem,  but  amier  these 
t'ircumstJinees  it  was  net'esiiary  to  increase  enormously  the  annnuit  nf  non- 
proteid    and    especially    of    carb^thydratp    material    taken     with     tint    diet. 

^  Hultgren  and  Laatergri'ii,  vvurkiii^;  with  Tii^erste^lt,  foaiui  tlie  heat  vnliif^  r>r  tin?  food 
of  »ix  persotiH  living  on  a  freely  chosen  diet  to  vary  from  :t:i  tn  4fJ  calories  per  kilngmmtne. 
They  found  that  the  heat  value?  of  the  prntiitl  wvls  a-buut  Id  to  It*  \^x  eeut.  ut  the  t^ital 
h^'at  value  of  the  fcuHJ,  that  of  tlie  fat  luniig  about  21  to  21  [wir  cent.,  ;iad  that  of  the 
oarboliydrat*  abotit  00  ]M*r  eent.  Raiike's  A\v\  {ritk  injrn)^  witli  a  beat  value  of  only 
2,365,000  calorieii,  in  for  a  niuii  jw^r forming  no  nntweular  work. 

^Ztxhr.f.  E'mL,  aiUiiehf^ii,  181M,  \VL  xvx.  S.  1\\. 

*  A  more  eomplete  aeroant  of  the  heat  vnliit.^  uf  the  foorlHtiiirss  i^^  f(ivca  in  the  arliele  on 
"Animal  Heat"  in  \\.  8't:s.  For  the  inthienin  of  fonti  on  dn'.  rt'H[»iratury  exrban^e^  see 
article  *' Chemintrv  of  RiKpiration,"  p.  717;  nee  also  Mu;^riua-Lt^vy,  Arch.  /,  tl.  tjrs, 
Phjsiof.,  lionn,  }i^m,  lid.  ]v.  .S.  L 

*  To  thiii  may  hv.  u-ddtd  Hj  ^^rins,  Halt^  and  :^535  ^rmn.  water  {iiitliiditi^  tluit  eontainwl 
in  the  solid  fo<id).  Ttiese  heveml  nmHtitueaits  are  eontairjed  in  a  daily  ration  of  250  ^rms. 
meat,  400  grniM.  bre^id,  70  ^nnj*.  starrb  or  MUgar,  ]00  ^nii.H.  fut,  10  gniis.  m]t,  and  2100 
water  (J.  Ranke,  **  Die  Krnahrnnx  fi»  "^  Menseben^"  Moarbon,  1S76^ 

*  Sack  a  diet  rontains  about  18 ':^  grniN,  N,  aiid  abmrt  :i28  ^nis.  C,  whereas  Ranke's 
iliet  oontains  ahtmt  1:'»\'>  grms.  X.  and  ahnnt  *Jl!0  ^riiiH.  C»  It  nhoald  W  added  tbat  alioat 
13  ^tns,  of  the  118  ^niw,  proteid  of  Voit's  dii-t  i>  nut  absorbed  or  assiadbrted,  ho  that  the 
avadable  protekl  in  abont  lOfj  ^Tmn.  Tbin  c"Ui>*ely  eorreHpondH  with  the  residtn  of  Bloihtreu 
and  Bohland  (with  PHit^'er),  who  give  I-5f,TTTiHrpcr  kiln.  iMjdy-ueiglit.  Thi«  wonbl  he  a 
little  ovtT  105  grniH.  for  a  man  wt'i^djlji;;  70  kilos.  {Arrk,f.  ft  ifr».  PhysioL^  Bean,  1886, 
Bd.  xxxviii,  S,  1),  In  Hult^^ren  and  Luit*  r^ri  ii"h  fdwrvatinnH  the  aetxial  amonntof  the 
iugefitiKi  proteid  wliieb  ujidrnvent  melabrdinm  avera^^ed  101  "3  jLjraas. 

^  Areh.  I  iL  gts^  Phfmoi,,  Humu  1887,  Hd.  xli^  S.  ^*'A:i :  3.ad  l^S^i,  lid.  xliv.  S.  428; 
alio   Virehow'9Jrchii\  1BH8,  Bd.  exiv.  S,  aoi. 
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Elempareri  reduced  the  amount  of  proteid  in  bis  own  diet  to  as  little  as 
25  grins,  per  diem,  but  required  262  grms.  fat,  and  406  grms.  carbohydrate 
{with  a  total  L'aloric  value  of  more  than  5,000,000  ciilories)  to  mamtain 
6f[uilibrium. 

L  Munk  brought  a  dog  into  nitri:tgenous  equilibrium  with  a  diet  caii- 
sisting  mainly  of  proteid.  If,  now,  one -half  the  proteid  *if  the  diet  was 
removed  and  rejilact^d  by  n  on -proteid,  an  amount  of  non-proteid  having  a 
caloric  value  i^i  about  two-fifths  more  than  that  of  the  proteid  removed  was 
required  to  maintain  equilibrium  ;  and  the  more  the  proteid  removed  from  the 
diet,  the  greater  the  projKirtionate  amount  of  non-proteid  required.  Ultimately, 
the  amount  of  proteid  was  reduced  t<i  15  grms.  per  kilo,  body-weight;  under 
these  circumntimces  an  amount  of  n  on -proteid,  twelve  to  fifteen  times  the 
caloric  value  of  the  proteid  removed,  waa  req;iired  to  maintain  equilibrium," 
After  the  hipse  of  some  weeks,  the  animal  failed  properly  to  digest  the  targe 
amount  of  non-proteid  required,  and  it  became  necessary  to  reduce  this  and 
increase  the  pjoteid. 

The  amount  of  nitrogen  taken  in  these  experiments  was  diBtinctly  less 
than  the  amount  which  would  be  lo-^i  in  the  fasting  eondition. 

Of  the  two  chief  kinds  of  non-proteid  food,  v.  Noorden  and  Kayeer*  have 
found  thfit  carbohydrates  are  of  greater  value  as  proteid-spirers  tlian  fats.  In 
a  mixed  diet,  therefore,  containing  just  enough  proteid  and  non-proteid  for 
the  needs  of  the  economy,  fats  cannot  b(*  substituted  for  their  caloric 
equivalent  of  carbohydrates  without  loss  of  proteid  occurring.  Gelatin  is  of 
still  greater  value  as  a  proteid-sparing  food  than  are  either  fats  or  carbohydrates 
{see  p.  878),  and  by  it^  use,  although  it  cannot  be  built  up  into  tissue,  the 
amount  of  tissue  proteid  lost  from  the  biwly  can  be  reduced,  a*! cording  to  Voit, 
to  about  the  half  of  that  whieh  is  normally  lost,  and  which  on  Voit's  estimate 
amounts  to  about  33  gruis.  daily,*  or  1  per  cent  of  the  aetual  living  substance.* 
The  importance  of  gelatin  as  an  articde  of  diet  will  be  specially  treated  of 
later  on,*^' 

111  spite  of  such  experiments,  it  may  be  doubted  whether  a  diet  which 
includes  consiflerably  less  proteid  than  100  grms.  for  the  twenty -four 
hours  couki  maintain  a  man  of  average  size  and  weight  for  an  indefinite 
time.  It  has  freiiuently  been  asserted  that  many  Asiatic^^  consume  a 
\Try  much  smaller  puoportion  of  proteid  than  is  the  cage  with  Europeans. 
The  iiduibitiints  of  India,  Japan,  and  China  chietly  consume  rice  as  the 
normal  eonstitutian  of  their  diet,  which  contains  relatively  little  proteid  ; 
and  this  has  been  advanced  as  an  argument  in  favour  of  the  view  that 
the  minimal  amount  of  proteid  is  much  less  than  that  ordinarily  given 
as  essential  to  the  maintenance  of  nutritive  equilibriunL  It  most, 
however,  he  stated  that  we  have  no  definite  statistics  to  show  that,  in 

^  Arfh.  /.  Plii/sioL,  Lei[>?ig,  188S),  S.  -Jfil,  Similar  exiKJriraents  liave  been  made  by 
Peachel  (Diss.,  IJeiliu,  lSfia)a.iul  Graliam  Liisk.  ZMn\  /.  Biol.^M.mii^hmi,  1891,  Bd.  xxtil 
S.  459.  iyeG  also  E-  Voit,  Mtiitchrn.  wed,  l/V/»/tJ,TAr./l889,  S,  7-18  ;  and  C.  Voit,  ihitL, 
1891,  S.  195. 

'^Aixh,j\  PkysioL,  Leipzig,  18&1,  S.  338  {FcfhamiL  d.  phymal.  Q*9dbvh,)  atid 
Fifchott-'g  ArcJdr^  1S93.  Bd.  ujtxxii,  S.  91.  See  also  Rosenheim,  Arch,  f\  d.  gew.  PhjiMwi*, 
Buini,  lS9a,  li.J.  Iiv%  8.  61  :  and  Kitter,  Munclun,  trud.  Wchnschr,,  1893,  No«.  31  ftnd  82, 

■^  Arch./.  PfnjsioL,  L<niwig,  1893,  S.  371. 

^  The  half  of  this  aniouiit^  aince  it  can  be  replaced  by  gelatin^,  is  set  down  hj  VotI  to 
disiiitcgratinn  of  *' rirciiliitiu^  proteid"  iiiRteud  of  afitiial  **  tissue  prot«id.*' 

*  Hemiiitiu's  *'Haiidburli,"  B<b  vi.  S.  302,  and  /itjiehr,  f.  Bio!.,  MitjiclieEii,  18a0.  Bd. 
^-ii.  S.  284. 

•^  Paglieiie,  VeMralbL  f.  Phimvl^  Leii»zig  ^^,  Wien,  1897,  S.  329,  liJW  fontiri  that  fits, 
carbohydrates,  and  gilatin,  not  only  diminish  the  amount  of  the  nitrogen  excreted,  but 
also  the  i>|]oa|jhQric  acid,  and  this  even  in  a  ^eatet  proportion,  und  probibly  bj  diminish- 
ing the  waste  of  the  nucleo-prot^ids  of  the  tisaaea. 
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proportion  to  their  body  wmght,  Asiatics  doing  the  eanie  aniountof  work 
as  Europeans  require  a  lesB  amount  of  proteida ;  indeed,  such  evidence  as 
is  forthcoming  is  rather  in  favour  of  the  opposite  conclusion.^ 


The  following  table  {tvoxn   Hultgreii    and    Liintergren)  gives  the  ave 
amounts  of   the  proteiiK  fata,  and    carbohydrates  in  freely  chosen  diets  of 
workmen  of  different  countries,  together  with  the  total  heat  values  of  such  diets* : 


Protdd,         Fat,     ' 

dmte.' 

Klla- 
euIoHeii. 

Moderateiv 
hard  wort 

HArd  work 

/'Rujisian  workmen  (Erismaii) 
.  Munich  workmen  (Forater) 
I^Swediflh  workmen  (H.  and  L,)  . 
SwediBh  workuicD  (H.  and  L.)  . 

131-6 
131*9 
134-4 
189 

7a7 
81  "5 
79"4 
110 

583-8 
457*4 
5^22-8 
714 

3B75-2 
3174*1 
3436 
4726 

With  these  may  be  comi wired  the  following : — 


SoWieiJi  oil  active  ttervicfi  (Voit) 


Prate  id. 

Mr* 


100 


C'nrbohv- 
600 


Kilo- 
3r>74-5 


The  average  proportion  of  proteid  to  iion-nitTiJ^enous  constituents  of  the 
food  18  given  by  Hultgren  nnd  Lantergren  at  1  :  427  by  weigh  t»  iiml  1  : 4-95 
by  heat  value ;  of  fat  to  carbohydrate  at  1  :  C-34  by  weight,  and  1  :  280  by 
heat  value. 

The  manner  in  which  the  proteid  nnd  nnn -pmteid  fouBtitnenta  of 
the  diet  are  most  n<ivantagenuw1y  takt'ti  into  the  body,  or,  in  other  wordft, 
the  constitution  of  dietaries,  forms  a  subject  belonging  more  projjerly  to 
the  domain  of  personal  hygiene.  It  would,  moreover,  occupy  far  too 
much  space  to  discuBR  at  all  adequately  tlie  constitution  of  diets  of 
different  people  and  in  diflerent  i-ountries.  It  is  suflicient  to  state 
that  under  ordinary  circumstanc-es  tin*  |>rotei<ls  are  taken  in  such 
foiTiiH  as  flesh,  egg,  and  clieeset  bread  and  otlier  ( ereals,  an<l  legnniinous 
foods,  the  fat  in  the  buni  of  meat-fat  and  butter,  and  the  carbo- 
Ivvdrate  in  the  form  of  starch  or  cane-sugar  derived  from  or  eontained 
in  vegetable  food.  With  a  purely  vegetarian  diet  tlie  proteid 
of  the  fcjod  may  be  derived  largely  from  the  legunrinous  jilants  and 
to  a  somewhat  less  extent  from  the  rereala,  nnd  tho  fat  from  the  seeds 
of  plants.^  We  may  now  juoceed  to  consider  the  etfccts  uprni  imtrition 
of  some  of  the  more  important  constituents  of  the  diet. 

*  Cf.  Knniai^awa,  VirchmrA  Jrchif\  ISrtl',  Ikl.  cxvi.  S.  370:  Kellnpraud  Mon^  ZUehr, 
/.  BwL,  Miuichein  ISSt",  UA.  xxv,  .S,  102;  I.  Munk,  {hid,,  Iftfi:^,  Hd.  exxxii.  S.  91. 

^  For  statistic!!  cotjoeuiing  d\t^t  ma  J.  Raiiki',  "Die  Erncihiun;;  dea  MensHit^n," 
MCiiKheii,  1S76  ;  C.  Voit  in  Herniantfa  *' Hanilhueii/'  Htl,  vj.  { "  Pliy^iolo^e  flea 
allgerncinen  StofTweiiliHels  und  drr  Enuihrung''),  Lii\t7A*f,  1881;  Konij^',  *' Chem.  d, 
nu'nsehl.  Nahrungs-n.  tiennshrtiittc],''  IVrlin,  iS8*J,  AiifL  2  ;  I.  Mutik  and  UflHmann, 
'' Email n.ing  den  MenMchen,"  Wiru  u.  Liipziii!:,  1^^7,  iit  whkli  aisfj  the  literature  of  the 
rabject  up  to  that  date  will  l^e  fnnnd  ;  Selit-utiM,  -V////1. '/.  ihutsch.  Grsdhch,/.  KaL-u,  FMrrk. 
OstaaieitSf  Yokohama,  1882,  No.  21,  and  ^4rt'/j. /.  Htffj.,  Miiiithon  u,  rjei|i/i^,  1884^  M*  i.  S. 
362  (diet  of  .TapaiuHr) ;  Hnlt;^nn  and  IjantfTf^iii,  •' UnterBiidi.  iL  d.  Enuihr.  ScliweflLschtr 
Ar bei tern, "8toi"k holm,  1S91  ;  .Stn'lf^minid,  Anh.  f.  d.  itcn.  Jiii/m>L,  Bonn,  1891,  Bd.  xlviii* 
S.678  ;  Ohlniuller,  Zf^hr.L  BwL,  Mnncheii.  1S84,  Hd/xviiL  8.  3D3;  G.  Hnngc,  **Der  Vci,fe' 
tariAiibmUR/'  Berlin,  1H85:  KnmagnwH,  Firrhotr'sArchir^  18S9,  Bd,  cxvL  8.  370 ;  Albertoni 
and  Novi,  Arch./,  d.  g€S.  Phi^siol,,  Bonn,  1894,  Bd.  IvL  S.  213  (eritieised  by  Hultffren,  ihid., 
ISfifi,  Bd,  Ix.  S,  205).     Diet  statinties  will  aUo  be  found  in  mo8t  text  books  of  physiologj'. 
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Special  constituents  of  the  diet.— Proteids,— Proteids  are  chiefly 
taken  in  the  diet  in  the  form  of  egg-albumin,  vitellin,  myosin,  casein, 
the  proteids  of  eereiils  and  of  leguminous  seeds  (mainly  globulins).  The 
nutritive  value  of  the  proteids  from  any  one  of  these  sources  is  pretty 
nearly  the  same,  with  the  exception  that  somewhat  less  of  the  proteid 
of  vegetable  food  is  digested  and  aBsimilated  than  that  of  animal  origin, 
and  the  less,  the  larger  tlie  amount  of  cellulose  which  is  contained  in  the 
food. 

Peptones  and  alburaoses  have  about  the  same  caloric  and  nutritive 
value  as  the  proteids  from  which  they  have  been  formed.^  Certain 
proteids  are  assimilated  and  have  the  same  nntritive  value,  if  injected 
into  the  blood  vessels  or  under  the  skin,  as  when  digested  and  absorbed 
from  the  intestines.  This  is  the  case  with  serum-albumin  and  semm- 
globulin,  and  also  i-vith  acid  or  alkali  albumin  (even  if  prepared  from 
egg-albumin)  and  phytovitellin.^  Other  forms  of  proteid  are  not  thus 
directly  assimilable,  but  on  injection  appear  at  once  in  the  urine.  Such 
are  egg-albumin,^  casein,"*  peptone,  and  albumoses.  HLL-moglobin  must 
also  be  reckoned  with  these,  altliough  if  injected  as  blood  (with  the 
blood  corpuscles  intact),  it  remains  intact  If  injected  dissolved  In 
water  or  in  serum,  it  l>ecoraes  partly  broken  np  and  converted  into  bile 
pigment  and  partly  appe^i^  in  the  urine  as  b;emogIobin. 

Moat,  if  not  all,  proteids  ermtain  sulphur,  and  t!ie  nuclco-pniteidi? 
contjiin  phosphorus ;  an  increase  of  sulphates  and  sometimes  of  plios- 
jihates  in  the  urine  may  therefore  be  exjiected,  if  their  metaljolism  is 
increase! I     Tlie  metabolism  of  proteids  wall  l»e  subsequently  dealt  with. 

Gelatin,— Gelatin,  although  its  elementary  composition  is  very 
nearly  the  mime  as  that  of  proteids,  and  although  it  becomes,  like 
|>roteids,  converted  into  peptones  by  digestion,  and  after  being  assimi- 
lated is  oxidised  into  urea  CO.j  and  H/3,  is  different  from  proteids  in 
its  chemical  constitution  (see  ''  Chemical  Constituents  of  Body  and 
Food,  pp.  31  and  70),  and  cannot  wdiolly  replace  proteid  as  an  article 
of  diet.  This  arises  from  the  fact  that  the  biopkism  of  the  tissues 
is  unable  to  be  produced  from  it.  In  spite,  therefore,  of  its  con- 
taining nitrogen  and  all  the  elements  of  the  ]iroteid  molecule,  it  lb  a 
non-proteitl  food,  and  tiikt-H  its  j»lace  as  such  along  with  the  fats  and 
carboiiydrates.  Like  them  also  it  acts  as  a  proteid -sparer,  so  that  a 
certain  amount  of  proteid  can  be  removed  from  the  diet  and  replaced 
by  gelatin  ;  about  twice  as  much  of  this  must,  however,  be  added,  as 
proteid  is  removed.^  As  a  pniteid-sparer,  gelatin  acts  more  efficiently 
than  car  hoh  yd  rates,  and  still  more  than  fats.  This  is  shown  by  an 
expcrinuMiL  by  Voit  upon  a  dog  weighing  32  kilos.,  wMch  had  been 
maintained  very  nearly  on  nitrogeiious  equiUbrinm  by  a  daily  allowance 

^  Politzer,  Arch./,  d,  tjfis.  Physio/.,  Uonn,  1885,  Bd,  xxxvil  S.  301. 
'  ?hWA  and  Oyeriiai,  Ardf./.^d.  fff.^.  Physiol.,  Bonn,  Bd,  ix.  S.  325,  aud  Bd.  x.  8.  5S« ; 
Maly,  ihiti.,  Ikl.  ix.  S,  G05  ;  Adanikicwiiz,  Firdime'M  Archiv,  Bd.  Ixxv.  S.  1-14  ;  StokriK, 
CtniraibL  A  d.  mcd,  nisseiisch.,  Berlin.  1S64,  S,  596  ;  Lolmiftiiti,  rirrhmcs  Arehiv,  1864, 
Bd.  XXX.  S.  503;  Ponfick,  nrchmtH  Archie,  1875^  Bd.  Ixii.  S,  273;  Forster,  Ziaekr. 
f,  Biol,y  Miipchen,  1875,  Bd,  xi.  S.  517;  Tiizoiii,  Arth,  il^d.  flfe  fitW.,  Turin,  1S84,  Bd. 
"vi.  S.  395;  NeitindsU'r,  iiilxuwjsh.  d.  phifs.-jwd.  Qesellsdi,  zu  JVurzhurgt  1S89,  S.  W; 
ZUchr.f.  Bw!  ,  Miinrhen,  iHfll,  IM.  xxvii.  8,  :?0n. 

'  Bernard,  "  Leifotia  mx  les  |jn>pr.  physioL  ttc,/'  Paris,  1859,  tome  ii.  p.  467. 

*  Ruiiel»erg,  Ikutsch^s  An'h,/.  liin,  Mrd.,  Leipzig,  187 J*,  Bd.  xxLii.  S,  68. 

*  Acconiing  to  X'oit,  ouediftli  of  the  oitiinftry  amount  of  proteid  may  be  ao  replaced.  L 
Munk,  however,  in  the  dog  got  at  leftst  two-thinls  of  the  proteid  of  the  food  re[kUoed 
l»y  gelatin  witli  niaiiiteiiaticc  ol  equilibrium  {Arch,/,  d,  ges,  Fhywiol,,  BooD,  1S94,  Bd,  Ifiii. 
a  309,  and  Bd.  Ixi.  S.  mi). 
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of  500  grme.  of  meaL  On  removing  100  grmn.  of  thixS  Jioiii  tlie  diet,  an*! 
replacing  it  by  200  grnis.  of  gelatin,  there  was  a  gain  of  nitrogen  to  the 
liocly  representing  the  putting  on  of  44  grmsi.  of  tfewh,  whereas  when  the 
100  grniB.  of  jneat  was  replaced  hy  200  grniB.  of  fat,  or  hy  250  grnm.  of 
starch,  there  was  a  loss  of  nitrogen  representing  a  loss  of  tlesh  to  the 
amount  respectively  of  50  and  >i9  grnis. 

The  following  experinientn  of  Voit  uti  a  dog  are  also  inetrucfcive. 
Tlie  nnnibers  represent  grammes : — 


Kxpt. 

Uaxi  Ment. 

Qeklin. 

F]e»b  loit  or  g«ined. 

■■{ 

500 
500 

0 
^00 

-22 

+  54 

2000 

0 

+  30 

2.  ^ 

V 

2000 

200 

+  376 

f 

20U 

200 

-118 

8  J 

\ 

200 

yoo 

-82 

200 

200 

+  25 

i,  ^ 

0 

200 

-118 

That  it  cannot  wholly  re]*]aee  prntei<l  in  sliown  hy  the  fact  tliat 
even  when  very  large  ipiantities  are  given  either  alone  or  in  combination 
with  fat  and  carbohydrate,  an  ex(  ch^m  of  nitrogen  apjK'arw  in  the  excreta 
—in  other  words,  tliere  is  gtill  a  logs  of  Mesh  from  the  body.^  To  a 
certain  extent  gelatin  will  act  as  a  fat-s]iarer,  i^,,  when  given  along 
with  proteid,  it  may  prevent  the  oxitJatioo  nf  body  fat,  hnfc  its  activity  in 
this  reiipject  m  far  fielow  that  of  either  fatt^  or  carbohydrates.^  Even 
the  coUagenons  tiBHnes  can  aj)]ia.rrntly  not  he  formed  from  gelatin 
ingested,  Biiice  this  wholly  appeaiH  (iis  urea,  ete.)  in  the  excreta;  these 
tissues  must  therefore  lie  formed,  like  all  otfierw,  from  proteid  food.^ 
GelatiJi  18  also  not  assimilated  if  injected  into  the  hlood  or  under  the 
Bldu  ;  it  a]ipean^  at  once  in  the  uriTie,* 

Nucleins  a!id  nucleo-proteids,  as  well  ns  lecithins,  are  found  in  all 
forms  of  mixed  diet ;  and  altiioiigb  nuclein  in  not  digested  by  the  gastric 
juice,  nor,  according  to  Bokay;'*  by  artilicial  imncreatic  jidee,  there  are 
reason?^  for  Itelieving  that  a  part  at  least  of  the  nuclein  of  the  food  is 
absorbed  and  converted  in  the  body  into  other  snhstariceB.  It  is  founrl^ 
for  example,  that  the  ingCKtion  of  foodstuflk  enntaining  much  nuclein 
cauBes  a  marked  increane  of  uric  arid  m  the  \nine.®  and,  aR  we  shall 
show  later  on,  there  is  strong  reason  to  believe  that  tlie  iron  necessary 
for  the  formation  of  haemoglobin  is  derived  from  some  forms  of  nuclein. 

*  For  the  Gvitlt-in'c  u(  tliia,  .lee  C  \'oil,  tf}*,  fit  ,  S.  1  22. 
^Q,  Vnit,  op.  nt,  S.  lil«. 

*  An  iTitfri?8thi^  lustork-nl  nvvvniit  cf  th^'  'iTiej^tifJit  of  jL,'i^lat1n  as  an  nrtielc  of  diet  is 
jjfiVpn  Ity  Voit  {op.  rif,,  S.  'd^tt). 

*  CI,  Bernard  anr!  Barrf-swil,  Jottm.  df  phann.  el  chim  ,  Paris,  1844,  St'r,  3,  tome  v. 
p.   425. 

^  Ztsfhr, /.  phpsioL  Chcm.,  Sdasalnir;,',  1877,  Bd.  i.  8.  157. 

*  Horbaczew8ki^  SUzun{fgb.  d.  k.  Jkak.  d.  /fM^t/utf//.,  Wien,  1801,  Bd,  c.  Abtli.  3,  S,  78. 
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The  phosphorus  of  any  nuelein  which  is  absorbed  is  probably  converted 
into  phosphoric  acid,  and  excreted  as  phoBphatea  by  the  m-ine.  There 
is  no  evidence  that  the  nucleiii  which  is  absorbed  is  taken  up  by  the 
tissues,  aod  by  them  again  converted  into  tissue  nucleins ;  it  is  more 
probable  that  these  arise  by  indet>endeiit  syntliesis  from  proteid  and 
phosphates.  That  this  may  occur  was  shown  by  Miescher,^  who  found 
in  the  case  of  the  salmon,  which  travels  from  the  sea  to  the  upper 
Rhine,  there  to  deposit  its  spawn,  and  which  during  the  whole  period  of 
its  journey  and  sojourn  in  the  river,  lasting  some  weeks  or  even  months, 
takers  no  food  whatever  (the  ahmentary  canal  being  always  found  empty), 
that  the  ovaries  increase  in  size  at  the  expense  of  the  muscular  tissue. 
Now  the  ovaries,  being  mainly  composed  of  ova,  contain  large  quantities 
of  nucleiii  and  lecithin,  whereas  the  muscles  contain  mainly  ordinary 
proteids  and  very  little  of  these  substances ;  the  latter  must  therefore 
be  formed  by  synthesis,  the  materials  for  snch  synthesis  being  derived 
from  the  proteids,  the  fats,  and  the  phosphates  of  the  muscles. 

Amido- acids.  —  Experiments  to  deternnne  the  nutrition,  and 
especially  the  |jroteid-sf>aring  value  of  amido-acids,  have  chiefly  been 
made  with  asparagin,  wbicli  occurs  in  some  quantity  in  certam  vegetables. 
The  general  residt  of  these  inquiries  is  to  show  that  in  herbivora  (rabbity 
goose,  sheep),  tlie  anddo-acids  can  act  as  proteid-simrers,  whereas  in 
carnivora  (dog)  and  omnivora  (rat)  they  have  not  proteid-sparing 
effects  when  added  to  the  diet.^ 

Creatine  has  l)een  ft>und  to  have  no  nutritive  value.  If  given  with 
the  focnl,  it.  ap[>ears  wholly  in  the  urine  as  creatinine.^ 

Carbohydrates. — Af>art  from  tlie  small  amount  of  glycogen  or  sugar 
which  may  be  contained  in  flesh  foods,  and  from  the  lactose  of  inilk,  the 
carliohydrates  of  the  food  are  wholly  derived  from  the  vegetable  king- 
ilom.  The  chief  carbohydrate  constituents  of  an  ordinary  diet  are  starch 
and  cane-sugar,  with  a  certain  amount  of  gra|>e-sugar  when  there  is 
much  consumption  of  certain  fnuts.  Neither  starch  (in  solution)  nor 
cane-sugar  (Bernard)  is  directly  assimilable  when  injected  into  the  blood 
vessels,  and  the  same  is  true  for  maltose  and  lactose.*  These  sub- 
stances all  appear  nnder  such  circumstances  at  once  in  the  urine. 

On  the  other  hand,  dextrose  can  be  directly  assimilated,  even  in  large 
amoimts.  It  is  necessary  tliat  tlie  injection  should  be  conducted  slowly, 
so  that  the  liver  should  have  time  to  convert  it  into  glycogen  before  the 
proportion  of  dextrose  in  the  blood  much  exceeds  alxjut  0*2  per  cent 
Injected  too  rapidly,  or  in  too  large  doses  (more  than  1  grm.  per  kCo. 
body  weight),  glycosuria  results;^  and  if  its  elimuiation  by  the  kidneys 

1  Arch.f.  A  Hal.  ti.  Eniicckingsgeech.,  I^ipzig,  1 881 ,  S.  1 03 ;  and  '  'Statistbche  u.  bioL  B«itr. 
z,  Kt'Uiitiiisw  vnm  Ijebeii  tJes  RheinUchaes,"  1880  f quoted  from  Bunge's  "  Ilandbiieli "). 

^  WtiBke,  Ztschr. /.  Biol.,  Mimtheu,  1879,  Bd.  x\%  S.  261  ;  1881,  Bd.  iril  S.  416  j 
1884,  BiJ.  XX.  S.  277  ;  1894,  Bd.  xxx.  S.  2fH  ;  ZimtJE  mid  Bahlmanti,  ArtJL  /. 
PhijuM.,  Lfiipzit,'*  188li,  8.  424  {rcrhandf.  d.  phys.  friM/is^h/}  ;  PoUhast,  Jrth. /.  d,  gt^ 
PhysioL,  Bonn,  1883,  Bd.  xxxii.  S.  280  ;  h  Muiik.  Firchoir's  ArcJiiv,  1883»  Bd.  xciv.  S.  436 ; 
and  1884,  Bd.  xcviJi*  S.  Mi  ;  Maiitliner,  Ztschr,  f.  Bioi.,  Miinclien,  18^2,  Bd,  xxriii. 
S.  507  ;  E.  Voit»  Sitzuiufsb,  d.  k.bayer.  Akad.  d.  fi'iaseusrh.  z^n  MGnchen,  1883,  S.  401  ; 
Ztsrhr.  f.  Bhl.,  Muiieheii,  18R2,  Bd.  xxvii,  S.  4&2;  18&3,  Bd.  xxix,  S.  125;  Gabriel,  ibid,, 
S.  115.' 

»  MeiftsiKT,  Zfs<h}\j\  rttt.  Mat..  1868,  M.  xxxL  S.  283. 

*  Arcordin^  to  Dastrc  {Arch.  tU' phyitioL  nonn,  flpoUh.^  Paria,  1889,  p.  718),  jio/adov  if 
directly  asatmilaljle. 

*  Bi«Kil  and  Kraiii*  { IVicu.  klin.  WchftJKhr.,  1896,  S.  5S)  state,  liowever,  that  they  wert 
able  to  inject  as  nuich  a»  200  to  300  mTiiH,  of  grafie -sugar,  in  10  per  cent»  aolntion,  int^  tht 
vein  of  a  nmn,  witUout  producing  either  polyuria  nor  any  but  a  digbt  temponiry  glyconutik 
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be  preveiite<l,  as  by  tying  tht;  iirek^rs,  the  excess  of  sugar  under- 
goes clmugea  which  renult  lu  the  fornuitioii  of  lactic  acid,  Hcotone, 
diacetic  acid,  aud  other  substuneeB,  tlie  pnxluction  of  which  m 
acccunpaiued  by  convulsions,  and  eventually  coma,  as  in  severe  natural 
diabtitey.* 

Very  large  amounts  of  starch  can  be  taken  into  the  alimentary  canal, 
and  corresjHjuding  amounts  of  dextrose  alisorbed  into  the  bloud,  with* nit 
proilueiug  glycosuria  in  a  uormal  ainmah  But  if  the  assimilation 
powers  have  l>een  reduced  l»y  starvatiuu,  glycosuria  is  found  to  occur  on 
the  ingestion  of  a  large  amouut  of  Htarchr  On  the  otlier  liand,  if  ciine- 
8Ugar,  maltose  or  laet<:>se,  and  even  hevulose,  are  taken  by  the  mouth  in 
large  quantities,  even  without  a  pre\4ous  starvation  period,  juut  of  the 
uugar  ingested  appears  in  the  urine  (ahmentary  glycosuiiaV^  This  is 
apparently  due  to  tlie  fact  that  the  blood  vessels  of  the  intestine  ciinnot 
carry  away  all  the  absurbed  sugar  with  Hufhcient  rapidity  to  the  Uver, 
and  some  of  it  consequently  passes  to  the  general  circulation  by  way  of 
the  thoracic  duct,*  and  thus  to  the  kidneys,  whicli  always  imnjediately 
ehminate  any  excess  of  sugar  in  the  l flood  passing  through  them. 
Glycosuria  also  occuns  wheu  sugar  suhitions  are  injected  into  the  large 
intestine  of  dogs.^  ' 

Cellulose  is  not  readily  digestetl  by  carnivora  n<tr  by  mail,  Init  in 
some  forms  of  food  (carruts,  c^ldiuge,  celery,  lettnce)  a  considerable 
proportiun  of  the  cellulifse  present  nuty  become  dissolved  aud  absorbed  ;*• 
in  lierbi%*ora  it  undergoes  digestif tu,  and  is  eventually  alisorl>etl  as 
dextrose.  Its  chief  value  iu  tlie  diet  of  animals  seems,  however,  to 
be  due  to  its  action  iu  pr<«nioting  peristfLlsis  of  \\\\\  intestines.  Iiabbits 
die  from  inflammation  of  tiie intestines  if  devoitl  of  cellulose; its  place  can 
be  supplied  in  them  by  horn-shavings,  which  have  the  same  mechaniciil 
efltet  In  carnivora  and  uian  this  is  not  so  impmlant,  as  the  gut  is 
shorter,  but  probably  the  celhdose  <»f  Jinxed  food  tends  to  prevent 
constipation.  A  jiundy  luilk  <lict  is  well  known  to  be  coustipating 
(Bunge). 

The  fate  of  the  carbnhydrates  after  asHimihitimi  will  be  treated  of  in 
ttsjiecial  section  on  citrboliydrate  nieUibolism. 

Fats  are  taken  in  largely  in  tlie  form  iif  animal  fat  (fats  of  Hesh  and 
milk),  but  also  largely,  espxM-ijdiy  in  some  countries,  in  the  form  of 
vegetable  fats,  such  as  olive  oil  aud  tlie  fats  met  with  in  certaiu  seeds. 
Id  the  last-named  tVniu  they  aic  ]uotoctcd  by  cellulose,  and  arc  far  less 
easily  digested  aud  aswinnlated.  The  chnnges  wlncli  tliey  undergo  in 
the  processes  of  digestion  aud  absor]>tion  have  already  l»een  fully  con- 
sidered (pp.  44M— 4GM),  also  their  caloric  value,  and  thfir  impru-tunce  as 
proteid-sparers.  Tlieir  assimilation  to  the  natural  fat  of  the  body,  and 
their  fonuation  within  tbt'  body,  will  lie  treatetl  of  HubHcqucntly. 

Fatty  acids  and  soaps  liave  been  shown  by  I.  Munk  (in  dogs)  to 
have  very  nearly  the  same  nutritive  value  as  the  fats  froui  which  they 

'  V.  Harley,  Atth,  J\  PhtjsioL,  Leipzig,  1893,  SuppL,  S,  46. 

*  Hofmei-Htcr,  Arrh.  /\  eu^rr.  Path,  v,  PhartmrfcoL,  Lei|>?-i;^,  18H9,  UtL  xxv.  S.  240  j  and 
1890,  Bfi.  xxvi.  a  :jr.5. 

*  Worm-Muner.  Jrrft.  /.  tL  ffn.  Physw!.,  Bonn,  1881,  IkL  xxxiv.  8,  576  r  Hofnicifttpr, 
Arch.  f.  cxptr.  Ptdh,  u.  Phannakot,,  U-ifi^i^f,  IS^l*,  lid,  xxv,  S.  240 ;  C.  Voit,  Ztxht./.  Bioi.^ 
Munriiea,  1892,  B<L  xxviii.  S.  2';5  ;  Miura,  ilnd.,  ISS^d,  Hd.  xxxiL  S.  28L. 

^(Unflberg,  Arch./.d.  Qts.  PhHSwi.,  lionn,  1889,  JM,  xliv.  S.  a06. 

*  Kichhorst,  ibid,,  1871.  Hd.  iv,  S.  601. 

*  WeUke,  Zisdir.  J\  BioL,  Muiinhiii,  1870,  lid.  vl  S.  t:S  ;  Kiiiereni,  ihid^t  I88I1,  lid. 
ixi.  S.  67.     See  also  LuriU,  Arch,/,  d,  fjt^.  Pkijsiol.,  Bonn,  1891,  IU.  xlix.  H,  477. 
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are  formed.  This  has,  however,  been  already  discussed  (p.  750),  and 
will  be  again  referred  to  later  ou. 

Glycerin  has  been  found  to  act  in  some  measure  as  a  fat  and 
carbohydrate-sparer,  but  not  as  a  proteid-siMirer.^  Of  the  total 
amoLuit  ingested,  from  21  to  37  xier  cent,  is  secreted  in  the  urine 
unaltered,  when  gi%'en  in  large  doses.'  The  sparing  effect  of  glycx.*rin 
on  the  conversion  of  hver  glycogen  into  sugar  will  be  subsequently 
referred  to. 

Alcohol — The  nutritive  value  of  alcohol  has  been  the  subject  of 
confiitleralde  discussion,  and  not  a  few  experhnente.  Some  of  these 
tend  to  show  tliat  m  moderate  non-poisonous  doses  it  acts  as  a  non- 
proteid  food  in  diminishing  the  oxidation  of  proteid,  dnubtless  by 
becoming  itself  oxidised,^  Its  action,  however,  in  this  respect  is 
relatively  small,  and  indeed  a  certain  proportion  of  alcohol  ingeeted 
is  exhaled  with  the  air  of  respiration,  iloreover,  in  large  doses,  it 
may  act  in  the  contrary  manner,  increasing  the  waste  of  tissue  proteiA* 
It  cannot,  in  fact,  be  doulited  that  any  small  production  of  energy 
resulting  from  its  oxidation  is  nioro  than  counterbalanced  by  its 
deleterious  induences  as  a  drug  upon  the  tissue  elements,  and  especially 
upon  those  of  the  nervous  Bystem. 

It  is  of  interest,  in  connection  with  this  subject,  to  point  out  that 
alcohol  has  been  regarded  by  some  irhysiologists  as  prolmbly  formed 
at  a  stage  in  the  metabolism  of  carlwhydrntes  prior  to  their  complete 
oxidaticai,  traces  of  alcohol  having  been  obtained  from  fresh  tissues  by 
distillation  with  water,^ 

Inorganic  substances. — Mmeml  salts,  e8i>ecially  chloride  of  sodium 
and  phosphates  of  lime  and  of  the  alkalies^  are  essential  parts  of 
any   diet.     The   following   table    from    Bunge   gives   tlie   proportions 


K.O. 

NfljO. 

C»0. 

MffO. 

Fe.O,, 

P*0,. 

GL 

Be«r 

1-66 

0-32 

0  029 

O'lS 

0  02 

i*es 

O'is 

Wheat        .... 

0-62 

0-06 

0  065 

0-24 

0-02« 

O^M 

f 

Potato        .... 

2-28 

O'U 

0-100 

0-19 

0-042 

0*64 

O'U 

WLitcoregg      . 

1-44 

1-45 

0-130 

0*13 

0*026 

0-20 

1-W 

Peas 

1-13 

0  03 

0137 

0*22 

0-024 

0-90 

f    1 

Himiftii  milk 

0-58 

0-17 

0-243 

0-05 

0-OOB 

0-35 

0*33 

yiilkufcgg 

0-27 

017 

0-880 

0*06 

0*040 

I'&O 

o-ss 

Cow's  milk 

vm 

1*05 

1-51 

0-20 

0-003 

■  1-86 

1-60 

1  I,  xMimk,  VU'chm*B  Arthb\  BiL  Ixxvi.  S.  119  ;  Bd.  kxx.  S.  39. 

*  Tschinvitihky,  ZUchr.  f.  BM.,  Monchen,  1880,  Bd.  xv.  ;  ArnscliiDk,  <Wrf.,  1868^  Bd. 
xsiii.  S.  413. 

=  Strassmanu,  Arch.  j\  d.  grs.  PhimoL,  Bonn,  \mi,  Bel,  xHx.  S.  315.  ChitteiMlni 
{Joum,  Phifniol^,  Camhridgr-  ami  LoimIoh,  1832,  vol  xii.  ]k  220),  experiineDting  upon 
doj^8,  obtained  very  little  iritluence  on  pmteiii  mftaholisin.  For  tbe  earlier  litcratttre 
of  this  t|  11  est  ion,  cf,  L\  Vuit,  op.  tit.^  |*p.  169  and  415. 

*  Miura,  ZLhcJit,  /  klm.  Mrd.,  Berlin,  1892,  Bd.  xx.  S.  137.  I.  Mimk  obtained  aimiUr 
resLilt^  U|mn  da^^s  (  VcrhandL  d.  Fhjfihl.  Gesdlseh,,  187S^7S>,  No.  6  in  AreKf.  Ph^9ioi.\ 

» Ho|ipc-8eyler  and  Hajtwaky,  Jrc/t.  /.  d,  ms,  Physiol,,  Bonn,  1876,  BcL  li  & 
122. 
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per  cenL  in  whicli  the  different  salts  of  the  ash  occur  in  iLrkd  food- 
stuffs.^ 

Animak  from  whose  food  the  salts  huve  been  extracted,  some- 
times die  even  more  rapidly  than  animala  which  have  been  altogether 
deprived  of  food,  with  the  sujiervention  of  variolic  symptoms  indicating 
a  disturbance  of  the  central  nervous  system  and  of  the  digestive  system.* 
This  more  rapid  end  of  such  animals  is  due,  according  to  Bunge,' 
to  chronic  acid-],K)jsoning,  produced  by  the  oxidation  of  the  sulphur 
of  tlie  prateida  ;  such  acid  being  uormall}^  neutralised  by  the  basic  stilts 
(pliosphates,  carbonates,  and  alkali-albuminates)  taken  ui  with  the  food, 
whereas  in  the  absence  of  these,  basic  substances  are  removed  from  the 
tissues  to  take  their  place.  The  experiments  of  Lnnin  (in  Bimge*s 
laboratory)  upon  ndce  fe<l  respectively  npon  salt-free  footl,  or  uj^on  the 
same  food  to  wliieli  jsulheient  sodium  carbonate  was  ailded  to  exactly 
ueutnirlise  the  sviljihurie  acid  which  would  be  formed  in  the  oxidation 
of  the  proteid  of  tlie  fooil,  seem  to  show  tfiat  Buuge's  cinijecture  is 
correct;  for  such  aninifds  lived  cousiderably  longer  than  those  to  which 
no  soda  was  given,  or  than  those  tci  whicli  it  was  given  combined  with 
chlorine.*  This,  huwever,  is  proi>ahly  not  t!ie  whole  exjilauatiuu,  for  in 
both  the  dog  and  man  the  faculty  of  resisting  the  etlects  of  acids  in  the 
ingesta  depends  in  jiart,  at  least,  un  tlieir  neutralisatifm  by  ammonia, 
which  is  derived  fn>iii  metahulise<l  ]»rnLeiil.^ 

It  would  appear  that  sume  at  least  of  the  mineral  nuitters  of  the 
food  must  be  in  their  natural  condition,  which  is  ]irubahly  that 
of  combimition  with  the  jiroteid  substam-es.  lM>r  Linnn  found  that 
although  mice  will  live  iiideliiniely  on  desiccated  nnlk,  yet  if  they 
are  given  au  artificial  fnnd  consisting  of  a  mixture  u{  salt-freetl  casein  and 
lactose,  to  winch  have  In-cn  atbled  the  same  inorganic  salts  wiiieh  are 
present  in  the  original  nulk,  the  animals  will  die  at  abont  the  same  period 
as  if  sodium  foirhonate  alone  liad  been  added  to  the  casein  and  sugar.^ 

As  Bungo  haH  ]Mjiiited  out,  the  adtiiliou  of  chloride  of  sodium  to  the 
ordinary  food  a|>}>ears  to  be  essential  to  the  weli-lx'ing  of  all  animals 
the  fund  of  which  contains  a  btrge  propnrtion  of  p<jtassium  salts,  as 
occurs  in  most  vegetables.  In  conforraity  with  this,  we  iind  that  those 
rac^es  of  mankiutl  w!n(*h  subsist  mainly  on  vegetable  food  tind  salt  an 
absolute  1  necessity  of  life;  and  that  the  same  is  the  case  with  herbivorous 
animals  is  shown  by  ilie  fact  that  these  are  f>Ften  found  to  travel 
hundreds  of  nules  tf>  reach  a  place  where  salt  is  te  be  found  (saltdickB). 
Carnivorons  arnmals,  on  the  other  hand,  and  those  herbivora  whicl) 
consume  plants  and  lierbage  whicli  do  not  contain  a  great  excess  of 
]X)ti\S8ium  salts,  show  no  such  inclination  to  seek  srdt.  The  same  is  true 
for  those  races  of  nuaikiud  who  live  almost  exclusively  on  fish  ux  tlesh, 

'  Not€  f\H|M<pially  llh'  snuill  aonaiint  uf  NnXJ  m  wlieal  jiiui  Y-'V^  \  tlio  larpje  fiitiouiit  of 
CaO  in  liiiik  and  t;^^  yolk,  ami  tlu'  v«'i y  snuil]  aiuuuiit  uf  irun  in  iiiiik.  On  the  other 
liand,  tliti  asU  «f  the  jiL-tuM  con  tains  a  viry  Itirj^i'  T)ro|J4Jitionat«  attiuunt  of  irun, 

'Forster,  Zlschr.  f,  Biof.,  MniKhen.  ib7'6,  \h\.  i.w  S,  *Jt»7. 

^Zt^hr.f.  BwL,  Manchei),  1874,  li<1.  x.  S.  130,     Se«  aim  '*  Lectures,"  pji.  114-118. 

^  ZUdir.  f.  phj/smf.  Chem.^  Strassburg,  3881,  Bd.  v.  S,  31.  See  ulao  Sociii,  ibuLt  1891, 
Ikl.  XV.  a  ioo, 

•  Schniicdtiberg  and  WaU-t^rj  ArtK  f,  tJipT.  Ptilh.  u.  PhtrmakoLj  Leipzig,  Iki.  vil. 
S.  148  ;   Hallervonkii  and  Cotanda,  ifmL,  lid.  xii.  M,  7t>> 

•Somewhat  similar  <!oiKilu«i<)nw  were  anivL'i  at  l>y  linu^'o  and  SoHn  from  exjMirimfinta 
upon  another  artificial  food,  whirh  had  ln^en  hint  demived  oF  wilt*,  hnt  to  which  these 
were  ftflerwarfla  added.  TIiih  fo<jd,  alLhoLigh  iih|winjntly  oontaiidri^  all  needful  inaterialii 
for  nutrition^  was  niiable  to  keep  the  njkc  whieh  were  fed  ujmii  it  alive. 
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or  on  such  vegetiilile  food,  cjj.  riee,  in  which  the  potassium  salts  are 
only  premjnt  in  Binall  quantity.  It  ls  further  nuteworthy  that  the 
peoples  wlirj  live  on  an  animal  diet,  without  siilt,  carefully  avrad  a  loss 
of  blood  when  tliey  slaughter  the  animals,  for  the  Idood  contains  a  far 
larger  amount  of  sodium  in  prtiportion  to  j)otafisiuni  than  any  otlier  tiastie 
or  organ.     The  explanation  of  these  facts  is  thus  ofiered  by  Bunge  * : — 

"  The  amount  of  salt  which  herhlvorous  animals  take  in  with  their  food  is, 
compared  with  the  woiglit  of  the  body,  genorally  nut  much  le-ss  than  th&i 
consumed  hj  carnivorous  animals,  ()ii  the  other  band,  there  is  a  cunsideFahla 
difTerence  in  another  constituent  of  the  asli  of  their  food,  in  the  potaisytun. 
Herbivotoui^  animals  take  at  least  three  or  four  times  aa  much  of  ealta  of 
potassium  as  the  earnivura.  This  fact  leads  me  to  imagine  that  the  abundance 
of  |iotiis8ium  in  vegetable  frjod  is  the  cause  of  the  need  for  salt  in  the 
herbivora.  If^  for  instance,  a  salt  of  potassinm,  such  as  potassium  ciirbL»nate, 
meets  with  common  salt  or  elilnride  of  sodium  in  f^olution,  a  jjartial  excluinge 
takes  jilaeo — chloride  of  pitassiuiann*!  carlxmate  of  sodium  are  formed.  Now, 
chloride  of  sodium  is  well  known  to  l>e  the  chief  constituent  among  the 
inorganic  salts  of  blood  plasma,  W^hen,  tlierefore^  salt^  of  pottussium  reach  the 
blood  by  the  absorption  of  food,  au  exchange  takes  place.  Chloride  of 
potassium  and  the  sodium  salt  of  the  acid  which  was  combined  with  the 
potassium,  are  formed.  Instead  of  the  cldorid^^  of  stjilium,  therefore,  the  hlcKxl 
now  contains  another  sodium  salt,  which  did  not  form  part  of  the  normal 
composition  of  the  blood,  or  at  any  rate  not  in  so  large  a  projiortion*  But  the 
kidneys  possess  the  fimction  of  maint.aining  the  same  composition  of  the 
blood,  and  of  thus  eliminating  every  al>nornial  constituent,  and  any  excess  uf  a 
normal  constituent.  The  .sodium  salt  formed  is  therefore  ejected  by  tbe 
kidneys,  together  with  the  chloride  of  potassium,  and  the  blood  beeomet 
po^Drer  in  chlorine  and  sodium,  C<anmon  salt  is  therefore  withdrawn  from  the 
organism  by  the  ingestion  of  potassium  salts.  T3iis  lo«s  can  only  be  made  up 
from  without,  and  this  ex|jlains  the  fact  that  animals  which  live  on  a  diet 
rich  in  potassium  have  a  longing  for  salt," 

In  conflriuation  of  this  did  action,  liuuge  foun<l  that  the  addition  of 
pjtassiiun  salts  fcu  his  diet  produced  a  Btriking  increase  in  the  excretion 
of  chhu'ino  and  sotUnni.  Thus  18  grnis.  of  K.^O,  taken  in  the  form  of 
phosphate  or  citrate,  caused  the  h»Ks  of  an  extra  6  grnis.  i>f  chloride  of 
sotliutji  (as  well  as  2  ^rms.  of  sodium  in  other  forms),  about  one-half  of 
the  conunon  wait  which  in  contained  in  the  5  litres  of  a  man  8  blood 
AxiA  18  grnis,  of  potawh  is  an  ann>nnt  much  less  than  may  lie  intn^duoed 
with  nuiny  important  articles  of  vegetalde  diet,  such  as  pot-atoes,  which 
contain  20  to  28  gnus.  K./)  in  each  1000  grms.  of  dehydrated  material 
**  Having  regard  to  the  impmtaut  part  which  Halt  plays  m  the  urgamism 
{im  in  the  foruiation  uf  the  digestive  secretion,  or  in  dissolving  the 
globulins),  even  a  small  diminution  luay  be  prejudicial  t^:)  certain  func- 
tions, and  nuiy  give  rise  Uj  the  need  of  ret^overing  the  loas."  ^ 

There  are  two  other  conBtituents  of  tlie  food  which  need  special 
consideration,  namely,  iron  and  limr. 

The  amount  of  iron  wliich  is  egested  is  exceedingly  small,  and  it 
may  be  expected  therefrom  tliat  the  anionnt  present  in  the  food 
under   ordinary   circuuistaneeH   would   also   be   enialL     Stockman   has 

^  *'  Lectures,"  trail Hltttecl  by  Wookl ridge,  \k  11!>. 

'^  Biiiige,  op.  eU.^   [K  12!.     Tlic  «tii<lcnt  is  referred  to  Biinge*»  orifftQftl  publkftttat 
{*' hecinres'*  &inl  ^tschr. /,  Biol.,  Mtinclien,   1S74,  Bd.  x.)  for  a  full  and  rery  infei 
discussion  of  thh  ini^iortaut  nubject. 
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shown  that  onlj  about  10  nigrina  a  day  is  ingested  in  an  nrdhwy  diet* 
Of  this  amount ,  1  mgrm .is  egesterl  by  the  urine,  the  remainder  by  the  f feces. 
This  cannot,  however,  represent  all  the  iron  metahnlised,  for  the  iron  of 
the  haemoglobin  nf  disintegratpd  IiIimkI  ctnpuacles  i.n  retained,  mainly  by 
the  liver,  and  m  nn  doul»t  again  built  up  into  bluod  pigment.  The  nuclei 
of  most  cells,  brttli  animal  and  vegetable,  contain  appreciable  quantities 
of  iron,  and  in  thixS  form,  lUxA  in  the  fucmoglobin  of  meat,  it  must  occur  in 
most  fcK>d.*  In  both  these  cases  it  forms  an  integral  part  of  the  molecule 
of  the  |irotoid  or  unolcti-prnteid,  and  uuder  onUnary  oircumstauces  there 
is  no  inorganic  iruu.iKU^  any  iron  salt  of  organic  acid  pre.sent  in  the  diet. 
Such  compTunds  of  iron  as  are  cnntaincd  in  niicleins — Buch,  for  insttmce, 
as  the  unclein  of  the  jidk  of  the  egg — liave  been  termed  Ijy  Bunge  hirma' 
toffnui.  As  this  nuclein  is  the  only  iron-containing  constituent  of  the 
yolk,  it  is  clear  that  the  btemoglohin  of  the  developing  red  corpuscles  of 
the  chick  must  derive  its  iron  from  it*  It  has  further  iK^en  shown  by 
Soein,  working  in  liungc's  laburatory;' that  in  mammals  also  haemoglobin 
is  manufuctured  when  the  ntdy  irnn  contaiuc^d  in  the  food  is  in  the  form  of 
the  same  ynlk-ha-matt^gen,  and  tliat  the  urine  of  animals  (dogs)  fed  freely 
with  egg  yolk  shows  a  marked  int-rease  in  the  uuiuunt  of  iron  present. 

It  is  noteworthy,  as  has  been  pointe<l  out  by  Eunge,  that  tlie  Jiatural 
food  of  the  infant,  namely,  milk,  contains  mere  traces  of  iron,  although 
the  fonuatiun  of  liaiiirtghibiu  is  actively  proceeding.  This  is  accounted 
for  by  the  fact  that  the  foetus  lays  up  a  store  of  iron  (in  its  liver  and  else* 
wliere)  beff)re  birth,  and  gradually  chaws  npmi  such  store  for  the  manufac- 
ture of  h;L*moglnbin.  Thus  Ibmge^  found  18*2  mgrms.  iron  ]»er  100  grms. 
[Kidy  weight  in  a  uew-borii  rabbit,  as  coiujiarcd  with  ;V2  mgrms.  per  100 
grms.  in  an  aninml  twenty-four  days  old ;  and  Zalesky;'*  four  to  uuw  times  as 
nmeh  iron  in  tfie  liver  of  a  ncw'-bf>rn  l«o]i|iy  as  in  that  of  a  full-grown  dog. 

In  all  other  rt'Sjiecls  the  composition  of  the  asli  of  milk  nearly 
corresiHUids  with  the  composition  of  the  ash  of  the  suoking  iirdmab  as 
may  be  seen  in  tlie  following  table  from  Buuge,  Mhich  gives  the  result 
nf  two  exi>eriments  : — 


eti'pv. 

MttK  OF  BiTcir. 

A. 

B. 

A, 

/?. 

K%0   .... 
Na,0          .         .         . 
CuO    ,         .         .         , 
M-0  .        .        .        , 

tu      .... 

lPi2 

2i?'r.2 

1  -82 

0-72 

39-42 

8-35 

8-50 
8-20 
35-8 

leo 

0'34 
7-30 

14*98 

a -80 

27-24 

1  -r.  i 

0-12 
:U'22 

1*5  "90 

10-70 

rrio     1 
31-40 

1-50 

0-14 
37'50 
12-40 

*  Brif,  Mtd.  Jonrn^^  Lmnlon,  18t»3,  voL  i.  p]j.  381,  942  (ccintaiiiH  the  literature  regard- 
jn;^  iron  ttkHnrfitioii  \\\\  bi  tlmt  flati*)  ;  Joitnt.  l*hv,nitK,  Catnbri^i^^i  ami  Lomlrm,  189fi,  vtil. 
jrviiL  p.  485  ;  alsn,  wilh  <rr<M^,  ihid.,  lSf»7,  voL  xxi.  ]>,  55. 

^  Buiij|j;c,  Zischr.  /.  phtmuK  Vh*'m,,  »Sti'ai*sbiir^',  1885,   Hil.  ix.  S.  49.     For  tlio  miero- 

1891,  Vij|.  1,  p.  277  ;  nmt  QtmrLJtmrjt.  Mkr,  *SV.,  Loudiin,  vol.  xxxviij.  p.  175.  This  will 
probably  acouunt  for  tiiofact  that  tht"  fit'fi'H,  which  itielij<It'H  iisiiTjy  (iiHintognitcil  e^^llaof  the 
alinn^ntarv  ptissngcfE,  Hoiiutiiiu'«  »1iowh  u  ;;r<Mter  p^-niMita^'o  of  iron  than  is  preaont  in  the 
foor],  allhou^'li  l\w.  socrf^tions  puim'^l  into  ihr  int^stiiion  rjnly  ofJiitnin  imii  in  Tiiiimteamouuta. 
^Ztsehr.  f.  pfnm<fL  Chan,,  Stra«flbtirg,  1*01,  114.  xv.  S.  9:j  and  133. 

*  UmL,  1892,  lick  xvi  3.  177. 

*  Ibid.,  188*3,  lid.  X.  S.  47t>  miJ  495. 
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In  spite  of  the  fact  that  it  is  the  general  experience  of  memberft  of  the 
medical  profci^ion,  that  the  administration  of  iron  ealt«  promotes  Ihe  formation 
of  hiEmoglobin  in  certain  fomis  of  anrnmift  (chlorosis),  there  is  no  satisfactory 
evidence  that  the  administered  iron  enters  into  the  formation  of  the  newlj- 
fornied  haemoglobin,  and  it  has  even  been  denied  thnt  the  alimentary  canal  ia 
culpable  of  ahftorbing  iron  given  in  such  form*  The  experiments  of  Kunkel,^ 
however,  show  that  il  iron  salts  are  administered  to  animals  along  with  their 
food^  the  blood,  liver,  ppltn^n,  and  otlier  organs  exhibit  an  excess  of  iron  over 
that  of  control  animals.  Hall  -  also  obtained  distinct  evidence  of  iron 
absorption  un<ler  like  circumstfinces.  When  iron  salts  arc  injected  sub- 
cntaneously  into  a  vein,  most  of  the  iron  appears  at  once  in  the  urine,  some 
is  secreted  into  the  intestine,^  but  some  is  stored  in  the  liver  and  i«  only 
gradually  eliminated.  P^xperiraents  upon  animals,  in  which  the  haematogens 
of  Eunge  have  hten  removed  from  the  food  and  replaced  by  iron  salts,  have 
been  attempted,^  but  have  pre.^ented  serious  difficulties.^  Marfori,**  however, 
working  with  iSchmiedelierg,  obtained  a  large  amount  of  absorption  of  xsqul 
when  given  to  dogs  in  artihcial  combination  with  albumin.  Macallum  alao 
has  shown  that  iron,  both  in  organic  and  inorganic  combination,  is  absorbed 
by  the  intestinal  mucous  menibmne J 

Lime  is  taken  in  and  assimilated  by  the  organism,  also  in  all  probability 
in  the  form  of  organic  compounds,  probably  with  protcids.®  It  ocelli's  in 
large  amount  in  milk,  but  in  most  other  forms  of  fotxlstulTs  it  is  deficient 
as  compared  with  other  constituents  of  the  ash;  the  leguminoss 
contain  more  than  most  foodntuffs.  The  only  food  wdiich  has  the  same 
amount  as  milk  is  the  yolk  of  eg<^,  which  should  therefore  always 
be  given  to  childreu  when  milk  in  either  not  procurable  or  cannot  be 
digested/'^ 

The  withholding  of  lime  from  the  food  of  growing  animals  causes  rickets  ;  *® 
but  rickets  may  occur  in  children,  in  spite  of  their  food  containing  an  adequate 
amount  of  limeJ^  Probably,  owing  to  abnnrmal  eontlitions  of  nutrition,  the 
lime  is  under  thrse  circumstances  nut  a.ssimiluted. 

In  adnit  animals  {pigi?ons),  feeding  with  foods  containing  little  or  no  Lime 
has  been  found  eventually  to  cause  alterations  in  the  bones,  which  become 
unusually  brittle  and  thin  (osteoporosis)^- 

^  Arch,  f,  fL  g^s.  riivmtjf,,  ?5ot30,  Um,  B*i  1.  S.  11;  1895,  WA.  Ixi,  3.  595. 

^  Arrh,/.  rhtmoL,  Ln]mf^,  189J,  S.  4^n  ;  mid  ISm,  H,  49. 

^  Mayor,  Dish.,  D^irpat,  1850,  fjiiotnl  hy  Hunr.^(^.  Quincke  {Arch./,  AnaL^  Ph^giel.  «* 
wiMMOisch,  Med,,  1868,  8.  150)  failed  to  find  it  in  nn  inokted  j>ortma  of  inteatine  with  • 
Thiry  fif^tula.  but  MnnaUum  (Journ.  iVii/m/.,  Caiuhrklge  aiid  Londuiit  1894,  vol,  xvi.  p. 
268)  oltt4iiijf<!  evk!(*nr:e  of  it  in  the  crypto  rif  Lieli«rk(dm. 

*  Sorin,  Ztx^^hr.  f.  phynof.  Hirm.,  StraRslnir^,  1891.  B<3.  xv.  S.  98  ;  v.  Hiisslin,  ^^Cidbr. 
/.  Ei&L,  MllnciiPTi,'l882,  Bd.  xviiL  S.  {\V1  :  Hall,  Arch./,  Phi/snoi.,  Ix^ipzig,  18»6,  8,  H2. 

^  Consult  njw>n  t]w  suli.jprt,  Rnn^p,  '*  Lelirbneh,"  1894,  31^  Aofgalic^  S.  83  ;  and  Wool- 
drid^'e's  translatinTi ;  ftlat/Neumeister,  'MAdarbucli/*  Jena,  1897,  2tc  Aufl.,  S.  382>a^ 
where  the  subject  ia  very  ftdly  treated  and  many  tnftre  referencea  to  tlie  litGrature  will  be 
found. 

^AreJi./.  exper.  Path.  v.  PhannaloL,  Leipzig,  1892.  Bd.  xxix.  S.  212. 

'  Oj).  ciL,  18IM. 

"*  Fokkor,  Arch./.  *L  (fr.^.  PhffSf'd.,  Bonn,  1873,  Bd.  vii,  S.  274, 

^  Bailor,  **  I^xturcs,*' AVnoldriilgc'jt  tran^ilation,  p.  111- 

^"  .1.  Forstcr,  ^fsrhr.  f.  fltoL,  ^MUjfJn-n,  1S73,  Bd.  ix.  S.  369  ;  and  1876,  Bd.  xii.  S.  464; 
E.  Voit,  ihid.,  1880,  Bd.  xvl  S.  5ff;  Baginsky,  Arrh,  f,  PhyfioL,  I^ipzig,  18«l,  S.  35T ; 
and  P'^irchoiPA  Arehir,  1882,  Ud,  Ixxivii.  S.  3^1  ;  Seemann,  J^tseht.  /.  Uin,  Mtd.,  Bcfhil, 
1882,  Bd.  V,  S,  1  and  1">2. 

"  Rudd,  Arrh. /.  exprr.  Pitlh.  u.  Pkm-mnkol.,  I^ipzig,  1898,  Bd.  xxxiiL  S,  M;  0, 
Viernrdt,   VrrhaiidL  (L  3ii\  Ctm^. /.  injierr  Af*d.,  Wioshadeii,  1893,  S.  230. 

''■'  Cliossat,  Compf.  rriftL  Arwt  d,  sc.^  Parift,  1842,  tonie  xiv.  p.  451  ;  C.  Voit.  Bfr.  d,  F*rt^ 
rf,  Natarf,  z.  Mihichfn,  1877,  S,  243:  Art,  "  Ernalimng''  in  nfimann's  **  Plundbiieh,** 
Bd.  vi.  S.  379  ;  tbe  earlier  literature  of  the  subject  will  be  foittid  iu  this  article. 
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Metabolism  during  Inanition. 

The  problciiis  of  inetfilmlism  naturally  8itbdi\ide  themselves  into 
those  whirh  eniiciuu  tlic?  fate  nf  the  fufKlHtutts  after  they  are  absorbed 
'&nd  before  they  reach  tlie  tissues,  and  those  which  concern  the  fate 
of  the  »tirfts  which  foriu  the  tissues,  or  which  iiiidergo  changes  within 
and  by  the  agency  of  the  tissues.  The  simplest  condition  of  meta- 
bolism is  tlierefore  obtained  when  food  is  alt.t>gether  withheld,  as  under 
these  circumstances  we  have  only  to  determine  the  changes  wliich 
occur  in  the  bodystuiTs.       On  t!nK   account  a  very  large    amoutit   of 

ttention  lias  lieen  paid,  botli  recently  ami  previously^  to  the  changes 
tvhich  occur  in  t  he  tissues,  as  evidenced  by  the  excreta  during  inanition 
iu  animals  and  man. 

There  is  one  main  fact  which  comes  out  in  all  experiments  on 
inanition,  namely,  that  in  spite  of  the  w^ith holding  of  food,  all  the 
excretioriK  wjiitiiiue,  not  certaitdy  Uj  their  normal  anioinit,  but  at  least 
to  a  considerable  extent.  This  is  even  the  case  with  tlie  fa^es 
which^  in  the  absence  of  food^  miglit  be  expected  not  to  be  formed. 
But,  as  a  niatter  of  fact,  it  is  found  that,  during  starvation,  animals 
pass,  if  not  every  day,  at  least  every  t%vn  or  three  days,  a  faudy  regular 
amotmt.  This  is  conifKJsed  of  nmcus  and  of  inspissated  digestive  juices, 
a  good  deal  altered  in  their  composition,  together  witli  epithelial  cells 
and  other  debris.  dine  is  also  regularly  passed  during  a  |>eriod  of 
inanitioa  The  secretion  of  the  skin  is  given  oft':  carbon  dioxide  and 
water  continue  to  l>e  exhaled  from  the  lungs  ;  and  in  consequence  of  all 
these  losses  from  the  body  the  animal  gradually  loses  in  weight. 
The  gi^eatest  proportionate  amcntnt  lost  is  always  during  the  first  day 
of  a  fasting  periotl.  This  is  owing  to  the  fact  that  the  products  of 
nietabolisio  of  the  ^uoteid  food  previously  al^sorbed  and  that  sLili  within 
the  aliiuentary  canal  are  then  got  ri<l  of.  But  after  the  first  day  or  two 
it  is  found  that  the  loss  in  weight  is  pretty  definite,  and  nearly  regular 
from  day  to  day,  and  that  fairly  regular,  or  at  least  only  gradually 
decreasing,  amounts  of  the  various  excreta  are  lost  daily. ^  Thus  Voit,^ 
exj^erimenting  upon  a  cat,  found  that  about  4  to  5  grms.  of  nre^  were 
passed  each  ilay,  representing  a  lose  of  tissue  of  front  25  to  30  grms., 
and  tfiis  with  gi-eafc  regularity  until  the  twelfth  day,  wlien  there  was  a 
marked  rise  in  the  amount  of  urea  eliiuiiuited.  And  similar  i^esults 
have  been  obtained  both  with  other  animals  and  men  in  a  condition 
of  inanition. 

The  time  at  wliich  this  regular  daily  loss  of  nitrogen  begins,  depends 
>on   the  previous  condition  of  nouriHhment.     Thus,  in  a  dog  experi- 

iieated  ujion  by  Voit,  tliree  series  of  exi>eriments  were  made,  eacli 
nding  over  eight  days  of  total  deprivation  of  fooil.  The  animal  had 
ived  before  the  first  series,  2500  grnia.  of  Hesh  daily ;   before  the 

econd,  1500  grms. ;  and  befom  the  third,  a  mixed  diet  with  relatively 
flifctle  proteid.      The  results  obtained  arc   shown   in   the   table   on    p. 
888.      It  will  be  seen  that  the  regular  loss  begins  at  once  in  the  third 

ries,  but  not  until  the  fifth  day  in  the  first  series,  in  which  the  animal 
ceived  most  proteid  during  the  previous  perioil     The  actual  amount  of 

Toteid  excreted  per  diem  and  per  kilo,  bodyweight  was  found  by  Voit 

'  The  ttinount  of /a^  metabolined  in  the  dof^  waa  fotind  hy  PetteTikofer  and   Voit  to  l«e 
\^a  dunng  tlie  first  days  than  ilminiL;  tho  aul (sequent  period, 
^  Hermann's  *'  Haudbueh,"  lid.  vj. 
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6 

ia-8 

12*8 
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7 

12-5 

ia-9 

11-3 

8 
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12-1 

107 

to  vary  greatly  with  dillereiit  dogs;  email  animals  metabcdise  more 
proteid  per  kilo,  than  large ;  lean  aiiimalH  more  than  fat.  Small  dog9 
havu  a  larger  propoitioiiate  surface,  and  lelatively  a  smaller  amount  of 
body-fat.i 

Many  siiuilar  observations  have  been  made  on  fasting  men.  One 
of  these  (Cetti)  was  under  observation  at  ditterent  times  and  by 
dilferent  observera.  Hia  weight  waa  about  57  kilos.  The  amount  of 
m*ea  exereted  [jer  (hem,  during  the  firat  ten  days  of  fasting,  was  a  little 
over  20  gnus.,  equivalent  to  from  10  to  11  grnifl.  N.  Another  (younger) 
man,  weighing  about  (iO  kilim.,  wub  ako  found  by  L  Munk  to  excrete  per 
diem,  dnring  tlie  first  ten  dayH  of  fasting,  about  11  grins.  N,  representing 
an  average  loss  per  diem  of  abuut  70  grins,  proteid.  in  these  oases  there 
was  but  little  b(dy-fat.  In  other  individuale,  in  whicli  there  was  abund- 
ance of  body-fat,  tlie  N  excreted  km  been  found  to  l>e  much  less.  Thus 
Succi  (weiglit  6^^  kilos,  at  beginning,  o2  kdus.  at  end  of  |>eriml)  was  found 
by  Luciaiii,  during  a  thirty  days'  fast,  to  exeret-e  on  the  t-enth  day 
6  7  gruis. ;  on  the  twentieth,  4':?  grms. ;  and  on  the  last  day  *6'2  gnus.  N; 
and  Jacipies  (62  kilos-),  observed  by  No^l  Paton  and  Htocknian,  gave  an 
average  daily  loss  of  5 '29  N.  l*raussnitz  determined  the  amount  of  N 
excreted  hj  ten  pereons  during  the  second  day  of  fasting,  and  found  the 
average,  for  a  man  weigliing  al)0ut  70  kilos.,  to  be  13*7  grms.,  equivalent 
to  a  loss  of  90  grms.  proteid  per  diem,  or  alxjut  1"2  grms.  i>er  kila 
body  weight.  This  loay  therefure  l»e  regjirded  as  representing  the 
annnint  which  it  isabsuhitely  necessary  to  supply  in  the  ftK>d,  for  the 
maintenance  of  nitrogenuus  equilibrium. 

In  herbivoni  there  niny  bi^  joi  jictunl  incrpasp  in  tlie  nitrogenous  excreta 
at  thi^  bcgiiming  of  a  Kt^irvation  [teriod,  instead  of  a  ditniimtion  ;  due  to 
llie  hift  tfiat,  nnder  tiiese  liicnmstauces,  sticli  animals  being  reduced  to  living 
upon  their  tissiie.s,  bef'time  i tract ically  faniivorous.  Ah  in  camivom,  such 
increase  may  become  greater  towards  the  end  of  inanition,  in  couBequence  of 
the  exhaustion  of  the  fat  of  the  body,  and  an  increased  destniction  of  the  tissue 
proteid  8.^ 

Now,  the  auKnmt  of  urea  in  the  urine  daring  a  fasting  period  of  not 
too  long  thi ration  is  iirobalvly  a  definite  measure  of  the  necessary  de- 
struction of  tissue  proteid  %vhich  goes  cm  withm  the  body,  and  it  may 
therehire  be  taken  as  a  result  of  such  exjteriments,  that  the  amount  of 
this  metabnlism  is  fairly  constant.     Such  destruction  occurs  in  spite  of 

1  Rulmer,  Ztschr.  f.  BhL,  Miiiifhen,  ISS:],  Bd.  xix.  S.  hZh, 

-  Riihin-r,  ihiif.^  J881,  Uii  xvU,  S.  2H  ;  lleymans,  BniL  Acml,  roy,  d,  *r,  €it  Bd^*^ 
Bruxdleg,  1896,  p.  3S. 
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the  fact  that  there  is  still  jilenty  of  iicm-introgenniis  material  (fat)  able 
Xa\  he  drawn  upon.  The  siKtclen  iiirrejise  which  is  floraetiiiies  met  with 
after  a  prolungeit  period  of  starvation  ia  due  no  douht  to  the  fact  that 
by  thin  time  the  mjii-proteid  materials  of  the  htMly,  which  have  been 
up  to  that  time  used  for  the  protluction  of  cncrg}"  by  their  oxidation, 
are  now  practically  exhauHted,  and  the  whole  energy  and  heat  of  t!ie 
body  must  necessarily  be  clcrivc<l  fr(Hii  the  tissueH  themselvea  ;  emce 
these  are  composed  essentially  of  piroteid,  there  ia  a  et»nsiderable  rise 
of  proteid  metabolism. 

The  carlion  dioxide  exhaled  from  the  hmgs  during  starvation  con- 
tinues to  be  given  oiT  in  proportion  to  the  weight  of  the  body,  to  the 
work  done,  and  in  inverse  proportion  to  the  temperature  of  the  environ- 
ment. In  a  man  wei^^hing  71  kilos.,  l*ettenkoft-r  and  Vnit  frumd  that 
during  the  first  day  of  fasting  20 1  ^i  grms.  G  were  given  <A\  by  the  respir- 
atioii.and  5*8  ginis.  by  the  urine,  in  which  also  12o  grmw.  N  was  elimin- 
ated. This  corresponded  tct  a  loss  of  78  grnis.  pr(*teid  (370  grms.  fiesh) 
and  215  grins,  fat*  Tlie  same  man  was  fruind  by  Pettenkofer  and  Voit 
to  lose,  when  wurking  on  the  first  day  i\\  fasting,  75  grms.  proteid  (478 
grms.  flesh)  and  ^i80  grms.  fat.  The  amount  of  oxygen  taken  in  in  the 
two  cases  was  7*>0and  1072  grms.  respectively,  and  the  anmunt  of  wsU.cr 
exhaled  889  and  1777  grms.  Kanke  found  on  the  second  day  of  fasting, 
in  a  fat  Bubjeet  weighing  about  70  kih^s,,  8  grms.  N  and  3*7  grms.  0  in 
the  urine,  and  1801)  grins.  C  given  of!  by  the  lungs;  cmrcspoTiding  to 
50  gnus,  proteid  (2M5  grms.  Hesh)  and  204  grms.  fat. 

For  a  cmisidend4e  time,  as  a  result  of  the  oxiilation  f>f  fat  ami  liody 
proteid,  the  tenijierature  nf  ti  fasting  animal  is  niaintaioed  to  about  its 
normal  anu mnt.  Tiiwards  the  emi.  hf >wever,  of  starvation ,  the  temperature 
liegins  to  sink,  and  finally  ra]mlly  falls,  the  meaning  of  tliis  being  that 
the  animal  lias  now  practimlly  exhausted  all  the  nutriment  which  it 
can  Uike  from  the  tissues,  and  tliat  the  amount  of  oxidation  has  liecome 
reduced,  so  that  the  tcm]>eratnrc  is  no  longer  raj  table  of  being  main- 
tained at  Ufunial.  The  change  is  also,  in  |>art,  douhtlcsw  due  to  the 
fact  that  the  heat  regulating  fuHctiruis  of  the  nervona  system  are 
beginning  to  Ijreak  down  in  consecjuenee  of  tlie  deficiency  of  nutriment. 
It  has  been  suggested  that  an  animal  dying  of  starvation  practically 
dies  of  cold;  and  it  is  omfijubtedly  true  tliat  the  life  of  a  starved  animal 
can  be  prolf>nged  considerably  by  the  em]>li>yment  of  artificial  warmth, 
since  this  diminishes  tin-  amount  of  oxidation  necessary  for  maintaining 
the  animal  heat,  and  thus  econonn-ses  the  energy-] )roduf'ing  sul>stanr'eB 
within  the  body;  but  it  is,  of  cuiu*se,  not  possible  for  tire  artificial 
warming  u\  an  aninuil  tfj  iirolong  life  to  any  great  extent  under 
circumstances  of  comidete  dc]>rivat.ion  <if  fond, 

Nunicrous  cxijoriments  have  been  made  t*)  determine  the  amount  of 
loss  of  the  several  organs  and  tissues  of  the  body  which  have  ocourred 
during  starvation,  and  aL^o  tlie  relativtM'funpositinn  of  su(h  tissues  and 
organs  as  comi>ared  with  tbrise  of  a  well-nourished  animal.  All  such 
exiieriments  tend  to  sliow  that  the  most  essential  organs  of  the  body, 
such  as  the  heart  antl  nervous  system,  live  during  a  period  of  starvation 
at  the  expense  of  the  other  tissues.^ 

'  UuMflr  and  Hcliniidtj  "  VenJnimiit^s.siirte  ii.  StnfTwrfbscl,"  1852;  Bi^^-haff  ftiid  Voit, 
*' Dk'  Oesct/e  der  PjTiahniui^  li'.s  l'lr'iw.'hrrt*KHcr«/'  18^0;  J^ttciiknlir  and  Vf-it,  Zfi<chT, 
f.  Bvd,,  Mtliichen,  Udc.  ii.  .lud  v.  ;  J.  llrinko,  **]Ji<'  KrTiidinuigdi-s  Meiiw  In  11,"  isr^l ;  Voit, 
**ErniibrMrig,"  HtTiunim's  ''  FlaTMJUiiHi,"  1881,  Bd.  vi. 
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The  first  substances  to  disnppeaf,  as  may  well  be  supposed,  are  those  which 
are  least  essential  to  the  maintenance  of  life^  and  we  fiml  accortlhigly  that  the 
adipose  tissue  first  begins  to  lose  weight.  Finally,  at  the  end  of  starvation, 
90  per  cent,  or  more,  of  the  fats  of  the  body  (except  the  fatty  stibstAnoea 
which  are  found  in  the  ncrvons  system)  have  disappciired.  At  the  same  time 
the  jijlycogen  wliich  may  have  been  stored  in  the  liver  and  muscles  al^o 
begins  to  dif^aj^pear ;  but  it  is  a  long  while,  in  some  animals,  before  the  last 
traces  of  it  are  used  np,  e!^i>ecially  the  glycogen  of  muscle.  Certain  of  the 
organs  especially  become  diminished  in  weight.  Among  these  tlie  first  to 
show  a  falling  off  are  the  spleen  and  the  glandular  organs,  especially  those 
coni-erned  in  digestion.  Since  there  is  very  little  secretion  going  on,  these  are 
not  called  upon  to  exercise  their  normal  funetions.  Kext  follows  naarked 
diminution  in  the  amount  of  the  muscular  substance,  and  this  it  is,  no  doubt, 
which  accounts  for  the  muscular  weaknesn  which  manife.sts  itself.  When  all 
the  less  essential  organs  have  contributed  as  much  as  appears  posi?ible_to  the 
maintenance  of  the  normal  condition  of  the  bloody  in  order  that  it  may  suffi- 
ciently nourish  the  most  esHcntial  tissue8,  the  latter,  namely,  the  heart  and 
those  of  the  nervous  system,  might  next  Ije  expected  to  contriluite  their 
quota.  Apparently,  as  fioon  as  this  call  is  made,  they  fail  to  re-spond  to  it, 
and  the  result  is  that  death  speedily  supervenep. 

Vtdt  gives  the  following  percentage  loss  for  the  several  tissues  and  organs 
in  a  cat  killed  after  tliirteen  days'  deprivation  of  food  : — 


Ill  100  Parte  of 

hi  lOOParUof 

Fm 

I  Orgnns. 

Dry  Organa. 

Adipofie  tissue 

97 

«.. 

Spleen    . 

67 

63 

Liver 

54 

57 

Testes      . 

40 

Muscles  . 

31 

30 

lilood      . 

27 

18 

Kiilneys . 

26 

21 

Integument 

21 

Lungs      , 

18 

19 

Inti'stines 

18 

... 

Pancrc4i8 

17 

•  •« 

Jiones 

14 

... 

Heart      . 

3 

■  •  ■ 

Central  nervous 

system    . 

3 

0 

Tnminaga^  \\\\n  determined  {hy  KjchldarH  methoil)  the  amount  of  N  lost 
from  the  several  organs  t luring  a  prolonged  starvation  periLwl  in  rats  and 
rabbits,  as  follows  :— - 


Orgmn. 

liat. 

RiiWiit. 

Spleen 

93'4S 

67-06 

StnTTiarh  and  intestines  . 

59  47 

26-80 

MiiSL"l»-s 

35-98 

18-69 

Heart 

18-01 

2274 

Brain 

1179 

29-13 

Liver      

9-60 

57-60 

Kidneys.        .         . 

3-48 

24-80 

The  discrepaneies  in  these  results,  lioth  as  eom|>ared  with  one  another  and 
fts  c«jni|>ared  with  tlie  loss  in  the  rlry  organs  as  determined  by  Voit,  are  «o  con- 
iiderahle,  that  thoy  ran  not  be  accepted  without  c-onhrniation. 

1  CenlralhL  L  Phi/noL,  Lti\ifT.ig  xi.  Wieu,  1893,  H<J.  vii,  S.  381, 
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The  literature  of  the  Bobject,  since'the  article  by  Voit  in  Hermann's 
"Handbuch"  (1881),  will  be  fi>mul  mainly  in  tbe  memoirs  noted  beluw.^ 

Nutrition  with  a  purely  Proteid  Diet. 

Under  the  eircnniatances  we  !iave  been  considering,  namely,  complete 
deprivation  of  food,  tlie  nitn^gen  exereted  nuiwt  e<»me  from  tbe  nitrogen 
of  the  tissues,  and  it  might  be  mipponed  that  if  we  supply  a  Htarviiig 
animal  with  foml  containing  the  exaet  anioant  uf  nitrogen  (in  tlie  foim 
of  proteid)  whieh  it  is  lowing,  we  should  U^  able  to  entirely  prevent  such 
waste  of  the  tigsnes,  and  that  any  loss  then  occurring  would  arise  srdely 
from  non-prttteid  substances.  This,  however,  is  not  tbe  case.  For  if 
this  experiment  is  performed,  it  is  found  tliat  the  animal  bjsea  more 
nitnigen  tlian  we  give  it  Tlie  wliolu  of  the  nitrogen  of  the  adtletl 
proteid  apini'ars  in  the  urine  as  urea,  and  in  addition  tliere  is  a  certain 
amount,  although  not  as  much  as  (bniug  rom]«lete  starvation,  of  tissue 
nitrogen  still  present  in  tlie  ujine*  In  order  to  keep  up  nitrogenous 
equilihrium,  Voit  found  that  it  was  tu'cessary  to  give  two  and  a  half 
times  as  much  proteid  as  tbe  aninial  bad  metalioliseil  during  fasiiug. 
Tina  result,  which  is  at  first  sight  srajiewhat  unexpected,  is  due  to  the 
fact  that  the  ingestion  of  proteid  food  diiectly  excites  the  tissues  to 
increased  metabolic  activity,  so  that  tissue  proteid  itself  still  beciunes 
split  up  and  oxidised. 

How  and  why  tbe  activity  of  tin/  living  tissues  is  tbns  stimulated 
by  increased  ]»roteid  pabulum  is  a  pmblcm  iim  to  whicli  we  are  entiroly 
in  the  dark.  Non-proteid  sul ►stances  do  not  produte  lids  etlect  On  the 
contrary,  tbe  giviug  uf  gelatin,  carl Mibyt bates,  and  fat  has,  as  we  have 
seen,  a  sjmring  elVect  upnn  proteid  metabolism,  and  teiuis  to  dindnish 
the  amount  of  tissue  proteid  which  is  becoming  liroken  down.  This  is 
also  shown  very  conclusively  in  Voii's  experiments  on  dogs  whit  b  liad 
Ijeen  kept  in  a  condition  of  N-equilihriuni  with  ]»rolci<l  foml.  Tlie  crui- 
dition  of  N-ef|uilibrium  riadd  be  proibiced  with  a  far  sniidler  aiiiount 
of  proteid,  provided  that  fnr  tlie  amount  rcninveil  an  liilequatt^  quitnlity 
of  fat  or  carbohydrate  was  aildcd  to  the  diet.- 

If  to  a  starvin*4  anirafil,  instead  of  what  would  appear  to  Ijc  just  a 
sutficient  amount  of  ])roteid,  an  excess  Ije  given,  a  point  is  at  length 
reached  at  wlncb  tbe  buildin^^-up  ])rocess  exceeds  the  breaking-ilown, 
and  tbe  tissues,  and  tbercfr>re  the  body  pnerally.  gain  in  weight. 
This  increase  in  limly  wcigbt,  due  to  the  laying  iMi  of  tissue,  procotnls 
tn  a  certain  |>Mint  with  any  tcaistant  amoinU.  of  added  ]trot*'id.  until 
a  Imlance  between  tlie  N  laid  on  and  the  N  lost  is  struck,  when  a 
condition  of   N-cquilibrinm   is  again  <>btaincd.      A  fintlaa^  iucnease  of 

'  Luciaiii^  '*Fisiol.  U.  dijjiiino/'  Gennaii  tT^iiislation,  '*Ihiw  JTiingcr,"  18S9  ;  Rkhet, 
"  L'inarjition/'Travanx,  IS  1*3,  In  mo  ii. ;  Twsek,  Cmfrrt/ti/,/.  d.  mtd.  0 'mt^Aw:/( . ,  ncrlin,  ISMfi, 
S,  5y  ;  l^bmanii,  MuU^r,  ^Senator,  /iiTitz,  L  Muiik,  and  otln  ih,  J}i rl  Uui..  nWo^Wir,  18K7, 
S.  425;  nii«i  t^irrhoiv's  Jrehiv,  IS93,  VA,  rxxxi..  Sii|.j.l.-H-'rt  :  I.  Miiiik,  f\nlralhL  f,  if, 
imd,  IViEseiwdu,  Hirlin,  18H1*.  H.  ^*:i't ;  No*  I  Vi\Um  uinl  Stni  kiniiu,  /'/w.  AVj^/.  .S'o^,  Editi.^ 
1889,  p.  121  ;  Poiiis«nitif.  Mumhrn.  vtfd.  n'rhmtrhr,,  ISIU,  No,  18  ;  and  Zi^fhr. /,  Bud., 
Manchcn,  \m\  Ud.  xi.  S.  i:a  ;  K,  Mny,  ihifL,  1^**3,  VA,  xii.  S.  2I» ;  I.  Miitjk,  Arch,  f, 
d.  j^t,  J'hynoi.,  Brum,  IHP4,  \U.  Iviii,  8.  :>0y ;  JoliansnoD,  LaoiHf^reTi,  Sondc'ii  mid 
TiiierstOiii/skattdiiK  Arch/f.  PhtsioL,  Uip/ijt:.  ISI'6,  lid.  viU  S.  29;  (J.  Voit,  ZUchr, 
/.  Hiol,^  Miincheii»  ISIU,  lid,  xxx.  S,  510  (ooiupaiiftotj  uf  woiglit  of  <9r>^3iiis  in  wuU  iioumhed 
and  vtarved  dM^^su  .Sih-  sdw<»  on  this  aulijctt,  Lukjaiiow,  Ztsfhi'.  f.  jd^ysiM,  Vhtm.^ 
StrnMburg,  1881*,  Ikl.  xiii.  S.  339. 

*  Voit,  f^,  cU. 
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1^ 


these  twu  suTistanoefl  ai*e  allowed  to  act  ujinn  une 
ti^niperatiire,  and  under  pressure,  as  when  they  are 
or  Buiue  huurs  in  a  glam  tnhe  tu  a  teiiiperature  of  ICO'^ 
^ly  by  heiiting  monochloracetic  acid  with  beiiisaiiiide : — 

^Hj+CIlXnx'OOH=(C;H5C0)NILCH.^COOH+H01 

e)    (inoiiocliloracutic  acid)  (Idppiiric  iw:id) 

piirie  acid  in  vitro  was  speedily  followcil  by  that  of 

1828> 

esis  of  hippnric  acid  was  proved  hy  Bunge  and  Schnjiede- 

r  in  dogs  exchiBively  in  the  kidney,  antl  may  he  pri>ducjod 

temperature  of   the  room,  Ijy  pissing  oxygenated   blood 

enzoic  acid,  or  a  heuisoate.  an*!  glycine  tli rough  the  blood 

lie  organ,  or  even  by  allowing  sucli   blood  to  atand  for  a 

intact  with    the    minced    ki(hiey   of  a   fresh-killed   aniniah 

pveVj  the  kidney  cells  are  destroyed,  as  hy  !>eitig  ponnded  vnXh 

biortar,  no  hippurie  acid  is  produced.      If  benzoic  acid  be 

^  mouth,  hippurie  acid  appears  in  the  ui-ine;  the  glycine  for 

fiB  is  furnished  l>y  the  tissues.  If  the  kidneys  are  previously 
no  hippurie  acid  is  fonnd  in  any  of  tlie  organs  after  the 
I  of  benzoic  acid ;  !>ut  if  the  ureters  are  merely  ligatured, 
jid  is  found  in  abundiince. 

i  and  ral)l)its  the  syntltesis  of  hippurie  acid  is  not  confined  to  the 
it  is  found  to  occur  aftei'  the  extirpation  of  these  organs.^ 
iyn theses  besides  that  of  hippurie  acid,  wliieh  are  known  to 
IB  animal  body,  are  that  of  urea  in  the  liver,  fnau  anniioninm 
todanimoniuni  carbainate;  tlmt  of  uric  acid  in  tlie  binrs  hver, 
fimmonia  eompouuds;  tliat  of  glycogen,  from  glucose  in  the 
iso  in  muscles  and  in  many  other  tissues ;  that  of  protcids, 
ties  in  the  mucous  membrane  of  the  alimentary  canal ;  that  of 
ilatty  acids  and  glyceriji  in  the  intestinal  mucous  membrane ; 
I  from  c^irliohydrates,  or  fnua  the  elements  of  the  bn jken-duwn 
fte  molecule ;  and  also,  in  all  i»robability,  that  of  fats  fnmi  the 
juous  moiety  of  the  broken-down  proteid  molecule.  It  is  clear 
i  instances  that  the  importance  of  Byntheses  in  tlie  animal 
innot  be  overrated,  and  althougli  the  most  striking  feature  in 
fcabolism  is  the  breaking  down  of  complex  substances  into 
Daore  simple  fnrni,  yet  even  in  the  case  of  these  bri^ken-down 
here  is  fret|uently  a  subsequent  synthesis  before  they  are  got 
the  body.  Instances  of  this  occur  in  the  case  of  several  urinary 
uch  as  hippurie  acid,  urea,  and  uric  acid.^ 
Iige*  remarks:  "There  are  tv^^o  reasons  why  tliese  synthetic 
III  the  animal  body  have  excited  the  interest  of  physio - 
I  cliemists.  In  the  first  place,  they  were  in  contradiction 
Ig   dominant   doctrine   of    Liel>ig,   as    to    the    contrast    be- 

metaboHc   proceHsea   in   plants  and   animals;*  and,  in  the 
I 

td  Sclmiiedebcrg,  ArcJi.  f*  erper.  Paih.  «*  Phannakol,,  Leipzig,  1876,  Bd.  vi. 
kukii,  ihid.,  1877,  Bd.  vii.  R.  23&  ;  Kochs,  Arch./,  d.  fjc£.  Physiol,  Bonn,  1879, 

;  Salomon.  J  Ztseht\f,  physiol.  Cl\fm,y  Strasslnirg,  BcL  iii.  S,  365. 
|Ei{K}rtfm(>e  of  synthetic  processes  in  aninml  metalKilisiiiT  see  Pfllii^er,  Arch.  f.  d* 
(Bonn,  1888,  Bd.  xlii.  S.  144.  ^  ''Lebrbiuh/'  1894,  S.  288. 

fless,  the  main  diistiiietion  |iropoundiMi  hy  IJebig,  tlmt  Tuoat  pkiita  ore  able 
Lr  nitrogen,  antl  to  bnild  it  up  int^j  pvoteid  from  inorganic  nmteriiils,  wliereaa 
^  possess  this  power,  still  liolda  good. 


Sqz  METABOLISM. 

proteid  food  will  now  again  produce  an  increase  of  tiseue  and  of  body 
weight,  until  agjiiii  a  condition  of  N-equilibrium  is  establkhed.  And 
this  may  apparently  he  carried  up  to  the  Hmit  of  the  power  of  digestion 
of  the  animal  for  proteid  food,  so  that  ultimately  fifteen  tiniea  aa  much 
proteid  may  he  niet;iholiae<l  as  in  the  condition  of  inanition,^  On  the 
other  hand,  diniinntion  of  the  amonnt  of  proteid  food  trends  in  the  eame 
way  to  gradually  estahlish  N-cquilihriuni  on  a  lower  level,  and  with  a 
diniinislied  body  weight:  the  animal  losing  tiesh  until  snch  ei|uilihriiiin 
becomes  established,  and  then  maintaining  itself,  providt^d  the  N  ingested 
be  const-ant,  at  a  eonst;int  but  lower  level  of  N-C(]uihhriam.  In  short, 
*'  N-e^pnlibrium  is  possible  with  the  nmst  diHercnt  amounts  of  proteid 
in  the  food;'^ 

The  fact  that  the  anmnnt  of  urea  excreted  is  directly  dependent 
npon  tlie  amonnt  of  proteid  ingested,  is  well  ilhistrated  by  the 
following  observatinns  of  Voit  npon  a  dog  fed  on  lean  meat;  the 
nnniViers  are  giins. : — 


Me-at  per  diem 

.     300 

GOO 

OOO 

1200 

1500 

1800 

2000 

2500 

Urt'ii  per  Jit^m 

.       3"J 

49 

68 

88 

106 

128 

144 

173 

Al>oiit  80-85  per  cent,  of  the  ingested  proteid  is  nsnally  oxidated 
and  eliminated,  and  only  ahont  15-20  per  cent,  is  laid  on. 

On  T!IE  Building-up  and  Breaking-down  of  toe  Bodystuffs. 

The  food  of  animals  consists,  hcsides  water  and  a  certain  amount  of 
inorganic  salts,  of  organic  cunstittients,  nitrogcnons  (some  of  whicli  must 
Ih?  proteid)  and  non-nitrogt'nous.  The  fodd  of  the  higher  plants,  on 
the  nther  hand,  consists  normally  of  inoi-ganit^  materials,  some  of  which 
must  he  nitrogenous;  and,  as  has  been  long  recognised,  plants  have  the 
power  of  building  up  from  these  materials  complex  organic  substances, 
such  as  proteid s,  wirlxdiyd rates,  and  fats,  whereas  animals  have  not  this 
pdwer;  the  materials  built  \\\*  by  plants  serving  as  the  fowl  of  animals. 
Henre  arose  the  behef  that  it  was  an  essential  *lifTerence  lietween  the 
jdaiit  and  animal  raganisation,  that  the  one  posseiised  extensive 
powers  of  etl'ecting  syntheses,  whereas  the  other  had  practically  no 
powei^  of  synthesis,  but  must  receive  its  materials  already  syntbetised, 
either  directly  from  plants  or  uidirectly  from  plants  through  the  liodieB 
of  other  animals,  such  materials  being  siil>scrpiently  broken  down  into 
siijipler  materials,  which,  after  being  oxidised  within  the  tissues,  are  got 
rid  ol  in  such  simple  forms  as  urea,  water,  carbon  dioxide,  and  salts. 

These  views  have  midergone  considerable  modification  of  late  years, 
sine  e  we  are  now  familiar  with  mniierons  instances  of  spithciies  r>ccur* 
ring  in  animals.  The  first  welbestahlished  ease  of  the  kind  was 
determined  by  Wtihler  in  1824.  Wuldcr  found  that  when  benzoic  acid 
is  taken  with  tlie  food,  it  appears  as  hippuric  acid  in  the  urine.  Now, 
hipi>uric  acid  is  formed    syuthetiailly  from  benzoic  acid  and  glycine. 

M.\  Voit,  HHtnuuiii's  "  HaiidbiK-h,"  nd.  vi.  S.  105.  Voit  a  dog,  weighing  35  kilos., 
was  itble  to  iiiaiiiLdu  N-fqiiilikiiiiii  with  as  littlo  an  ftOO  and  oa  much  as  2500  gnns. 
ilesh,  cimtniniTiff  54H  ^xm^,  Axj  prot(^id.  With  Urtfer  amounts  tiian  tliii,  digestion  ww 
intc^ifenMj  with.  TW  Hiimi'  fntt  ih  still  ?iior«  atrikiii|^!y  shown  \>y  tho  oxfMirinicsnta  of 
Fllilgi^r,  who  kt-pt  a  largo  dof;  in  a  eoptlition  <if  nitrogenous*  €quilibriiira  on  mxk  si 
PKi'ln-Hiv^ly  protrid  diet.  A  man  Wi'i|;hiiig  70  kilos.  i»,  as  ii  nih^  unable  to  digest 
than  15!^0  gnus,  of  lean  ui*at  jmt  diem, 

-C.  Voit,  lac,  ciL,  S.  111. 
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It  is  prodiu  eti  when  these  two  suliHtaiiceR  ftre  allowed  to  act  upon  one 
another  at  vl  higlL  temperature,  and  under  pressnre.  as  when  they  are 
heated  btgether  iwv  some  liuurs  in  a  ^hi.sH  tuic*  to  a  tenqieniture  of  160° 
C-,  or  mure  aioiply  hy  he^itoig  moiitM?hhjraeetic  acid  with  heiizamide : — 

C«H,C0,NH3+CHjJl.C00H^{CeH,C0)NH.CH^C00H+HCl 

(beii3(jimid«)    (monochloracetit:  acid)  (hij^puric  acid) 

This  synthesis  of  hippiirie  acid  in  mtro  was  speedily  followed  by  that  of 
urea  (Wohler,  18-!8). 

The  synthesis  of  hippnric  acid  was  ]>rnved  hy  Bunj^o  and  Schmieden 
berg  to  occur  in  dog^  exclusively  in  the  kidney,  and  may  he  produced 
even  at  the  temperature  of  the  room,  by  passing  cLxygenatetl  hlood 
containing  benzoic  acid,  or  a  henzoate,  and  glycine  throngli  the  l)Ii>oil 
vessels  of  the  organ,  or  even  liy  allnwing  .such  hh«od  tn  wtand  for  a 
while  in  contjict  wiUi  the  minced  kiilney  of  a  fresli-killed  arihiial. 
When,  however,  the  ki<lney  cells  are  destroyed,  as  hy  heiug  ]>ounded  with 
sand  in  a  mortar,  no  hippuric  acid  is  produced.  If  benzoic  acid  he 
given  by  the  mouth,  hi{>iniric  acid  appears  in  the  urine;  the  glycine  for 
the  eyiithesis  is  furnished  by  the  tis.sues*  If  the  kidneys  are  previously 
extirpated,  no  hii>puric  acid  is  found  in  any  of  the  organs  after  Lhe 
exliibition  of  benzoic  acid;  but  if  tlic  nreters  are  merely  ligatured, 
hippuric  acid  is  found  in  abundEince, 

In  frogs  and  ralibits  the  synthesis  of  hippuric  acid  Is  not  confined  to  tlie 
kidneys,  but  is  found  to  occur  aftei'  the  extirpation  ol  these  organs.* 

Otiier  syntheses  Imsides  that  of  hippuric  aciil,  which  are  known  to 
occur  in  the  animal  bndy,  arc  that  of  urea  in  tlie  bvcr,  from  ammouiuin 
carbonate  and  iunmnuiiuu  carbamate :  that  of  uric  acid  in  the  bird\s  liver, 
also  from  ammouia  cnjnpounds;  that  of  glycogen,  from  gliui>se  in  ific 
liver,  and  abn  in  uuiscleH  and  in  nuuiy  otbcr  tiHsues ;  tliat  of  protcids, 
from  peptones  in  tfie  murruis  mendjraue  of  the  alinientiuy  canal ;  that  of 
fats,  from  fatty  acids  and  glycerin  in  the  intestinal  mucous  membrane; 
that  of  fats  from  citrbohydrates,  or  from  tlie  elements  of  tlic  hrokcn-dtAvn 
carbolmlrate  molecule;  and  alsu,  in  all  prubability.  tliat  of  fats  from  tlie 
non-iiitrogeuous  moiety  of  the  brokcu-down  proteid  molecule*  It  is  clcai* 
from  these  instances  that  the  iniportauoe  of  syntfic.^es  in  the  animal 
economy  wirmot  be  overrated,  and  altliough  the  nuist  striking  feature  in 
animal  metal loliwm  is  the  breaking  down  of  complex  substfuiccs  into 
others  of  nujre  sini]*le  form,  yet  even  in  the  case  of  these  liroken-down 
products  there  is  frcrpu^^ntly  a  sub.sc<iuent  s>nitlieHis  before  they  are  got 
rid  of  from  the  body.  Instances  of  this  occur  in  the  cuse  of  several  urinary 
products,  such  as  liippuric  acid,  urea,  and  uric  acid- 

As  Bunge^  remarks:  *' There  are  two  reasons  why  these  syutlictic 
pnxjesses  in  the  animal  body  have  excited  the  interest  <jf  pliysio- 
logists  and  cliemists.  lu  the  first  ]dace,  they  were  in  cmitradiction 
to  tiie  long  dominant  doctrine  of  Liebig,  as  to  the  contrast  be- 
tween the  metabolic   processes   in    |daut8  and    animals;*   and,  in   the 

*  Buu^  and  Sdimie^leberg,  Arrh.f.  e^/'pn:  Pffth.  u,  J'futrmakoL^  Leipzig',  \S7f*,  M.  vi, 
S.  233  ;  HoEfman,  ibifL,  1877,  Bd.  vii.  S.  1239  ;  Kindi.H,  Arrh.  j\  tL  ;/^x  Fhtfsioi,,  Uonii,  1879, 
Bd,  XX.  8.  61  ;  Sakution.,  Zhcht'.  f,  phtjsioL  Ch*m.^  *Stra.HRlniTjLf.  Tid.  iii.  S.  3G5, 

'  On  the  injjK>rtari{"e  of  syiithi'tie  fjrixresaesiu  animal  nietabnh'.Hin,  stiH  PfT!ilR«r,  Arch./,  d^ 
ge4.  PkifsioL,  Bonn,  1888,  lid.  3ilii.  S,  14-4.  •'  ^' Lehrl.ueli/*  1894,  S,  2SS, 

*  NevtTthclf'^H,  the  n^aiIl  (li-itiJir  tion  jiroponiiflcd  l>y  Litliig,  tliat  most  jibiitH  aro  aMe 
to  obtain  tbeir  nitrogeiu  and  to  build  it  \i[i  into  i»ruteid  from  inorganic  nmterialti,  wbereaa 
ftnimaLi  do  not  possess  this  power^  still  holds  gooa. 
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second  place,  the  methods  of  eynthesis  in  animal  (and  vegetable) 
organisms  are  Btill  an  unsolved  problem,  in  spite  of  the  fact  that 
it  is  tlie  rapid  progress  in  our  knowledge  of  the  syntheses  of  organic 
combinations  wliich  constitutes  the  greatest  triumph  of  modem 
chemistry.  Chemists  are  already  able  artificially  to  build  up  atom  for 
atom  out  of  their  elements  a  series  of  organic  compounds,  some  of  a  very 
complie^ited  natine.  We  no  longer  doubt  that  all  the  rest,  even  the 
most  complex,  will  be  thus  produced.  Nevertlieless  the  processes 
employed  in  no  way  represent  the  synthetic  prweases  of  the  living  cell, 
for  all  artificial  syntheses  can  only  l>e  achieved  liv  the  application  of 
forces  and  agents  wliieh  can  never  jtlay  a  part  in  vital  ]>rcK^es^es,  such  as 
extreme  pressure,  high  temperature,  concentrated  mineral  acids,  and  free 
chlorine — agents  which  are  innnediately  fatal  to  any  li\nng  cell/* 

It  must  nevertheless  be  admitted,  in  spite  of  the  numeroim  instances 
of  syntlieses  of  organic  compounds  which  liave  accnmidated  of  late  y^ira, 
thai,  so  far  as  the  fnrinatiiin  of  bioplasm  is  concerned,  the  only  material 
from  which  the  animal  or«j:anisni  is  capable  of  forming  it  is  proteid,  and 
this  protei<l  nnist  be  present  \m  such  in  the  f<Kid.  Nc»  doubt  tlie  ultimate 
cliange  of  the  circulatory  (^r  bloiid  proteidsto  the  proteid  of  Idioplasm  must 
depend  upon  a  sjiecial  synthesis,  but  we  are  necessarily  completely  ignor- 
ant as  to  the  luatmer  in  wlneh  such  synthesis  occurs,  since  we  are  ignorant 
of  the  actual  chemical  constitution  of  both  living  tissue  and  dead  proteid» 

Witii  respect  to  the  l)reaking-do^\m  of  the  liodystntlk  in  the  prr^cess 
of  nietahnlism,  there  are  rejisons  for  believing  tliat  tliis  consists  of  two 
phases,  namely,  a  splitting  of  the  complex  nn;jlee»des  into  eimi>ler  mole- 
cules, and  an  oxidation  of  some  or  all  of  the  simpler  substances  thii« 
arising.  It  is  probable  that  in  the  metabolism  of  proteid  these  two 
phases  usually,  if  not  invariably,  occur  at  diH'erent  times^  and  even  in 
different  ]daecs  in  the  bndy :  for  example,  the  materials  derived  from 
the  splitting  u[t  of  the  metabolised  proteids  of  muscle  do  not  all  leave 
the  muscle  in  a  fully  oxidated  condition,  but  are,  in  part  at  least,  in 
the  form  of  oxidisable  substances,  such  as  lactic  acid.  Doubtless,  in 
the  formation  of  tlie  ultimate  products,  oxidation  is  the  prominent 
feature,  for  these  products,  in  the  form  in  which  they  leave  the  body, are, 
as  com[>areil  with  the  materials  that  enter  the  tissues,  im questionably 
in  a  c^>nditii>u  of  oxi<latioM,  in  some  eases  uf  comj^lete  oxidation.  There 
is,  liowever,  no  distinct  evidence  that  the  process  of  splitting  of  the 
complex  midecules  is  necessarily  innnediately  combined  with  that  of 
oxidation.  On  the  otlier  hand,  there  is  reason  to  think  that  such 
splitting  may  occur  without  immediate  oxidation  ;  for  example,  the 
splitting  of  proteids,  which  are  taken  in  the  food,  into  urea  and  nou- 
nitrngf'uous  substances.  For,  in  a  dog  fed  with  proteid,  the  urea  was 
found  by  Feder  to  nuike  its  appearance  in  the  mine  within  fourteen 
hours  after  feeding,  wticreas  the  removal  of  tlie  remainder  of  the  proteid 
mtdecule  in  the  form  of  carbon  dioxide  and  water  did  not  occur  for 
twenty-four  bour-s  after,  so  that  the  splitting  of  the  proteid  molecule 
must  have  occurred  at  one  time,  anrl  its  complete  oxidation  at  another.* 

It  is  found  that  any  conditions  which  tend  to  diminish  the  normal 
oxidations  of  the  liody  generally,  or  of  the  incUvidual  tissues  (such  as 
the  ingestion  of  prussic  acid  or  the  cutting  off  or  diminution  of  the 
arterial  supply  to  an  organ),  cause  such  substiinces  as  lactic  acid  and 
dextrose,   which  are   probably  products  of  proteid  and  carbohydrate 

^  C.  Voit,  Zt^chr.J\  BwL,  MtincbDn,  1891   2,  B«l.  xxviiL  8.  292. 
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metabolism  respectively,  to  aiipenr  in  larger  amount  than  usual  in  the 
blood,  and  to  become  excreted  in  the  urine.  ^ 

Relative  Metabolic  Activity  of  the  Tissues  and  Organs. 

Before  we  trace  the  fate  of  tiie  foodstulTs  in  the  body,  it  is 
impurtaiit  we  should  liave  an  idea  of  the  relative  mctaholic  activity  of 
the  tissues,  since  all  essential  ctuinges  which  criutriltute  to  the  pro- 
duction of  the  energy  of  the  l)ody  occur  within  the  tissues. 

It  was  at  one  time  believed  that  the  1)1(kkI  waw  the  seat  of 
important  oxidation  processes ;  but  whilst  it  cannot  be  denicfl  that  a 
certain  amount  of  oxidation  may  occur  in  the  bluod,  as  shown  Ijy  the 
rapid  diniinutinn  in  the  oxygen  of  the  oxyluenut^rlobin,  on  allowing  blood 
to  stand  iu  Jt  closed  vessel,-  it  is  certain  that  by  far  tlie  greatest  ]>art  of 
the  oxidations  in  the  binly  occiirs  in  the  tissues,  and  esjieciidly  in  the 
muscles.  It  was  found  by  rHiigHr,  that  frngs  wlinrtc  bluod  had  been 
wholly  reidaced  by  salt  solution  t<iok  in  Just  as  much  nxygen,  and  gave 
off  just  as  much  CO,^,  as  nnrnial  animals.^  Moreover,  Tembrey  and 
Giiirlier  f<unul  hardly  any  alteration  in  tlie  oxidation  processes  in  rabbits 
whieli  had  been  deprived  fif  a  large  prftportion  of  their  Itlonti* 

Plaeing  the  tissues  in  order  «jf  relative  activity,  the  muscles  must 
take  the  first  place:  next  Uy  these  the  secreting  glands;  and  next  to 
these  the  tissues  of  the  nervous  system,  esjteeially  tlie  ^gW'S  inattei". 
Last  in  the  scale  corne  the  skeletal  tissues,  whic!i,  i>erfiirming  as  they 
do  a  passive  functi<m,  may  be  assumed  to  exlnbit  comparatively  little 
metabalic  activity.  With  regard  \>u  the  most  active  of  the  tissues, 
Bamely,  the  muscles  and  the  cells  of  stM-reting  glands,  we  nuiv  !iote,  in 
passing,  that  their  (henucal  composition  is  by  no  means  identical. 
The  most  pnunineut  org;inic  ru;iterial  in  muscular  tissue  is  native 
proteid  of  the  globulin  class,  whereas  the  mttst  preeminent  organic 
materials  in  the  living  tissue  of  glantl  cells  are  nueleo-proteids.  This 
distinction,  thfuigh  frequently  ignored,  is  one  of  consideralde  imjiort- 
ance,  for  the  nucleo-prv>teids  have  a  c<uistitution  nune  complex  than 
lliat  of  jn'oteids,  consisting  as  they  do  of  a  condonation  of  proteid  with 
phosphoruS'Containing  sul (stances,  which  yield  as  prudvu'ts  of  decruuposi- 
tion,  xanthine  bases,  nucleins,  ]>arauucleins,  and  ]jhosphoric  acid,  and 
some  of  them,  at  all  events,  a  carb^ihydrate  (see  \\\\,  06,  G7).^ 

There  can  be  very  little  doubt  that  the  greater  part  of  the  oxidation 
of  the  liody  octcurs  in  the  inusclus.  Tbe  foruiatiou  of  heat  can,  in  fact, 
be  shown  to  be  nuiinly  due  to  the  cbendcal  activity  of  the  muscles,  an 
activity  called  into  play  under  the   irdluence  <A  the  nervous  system; 

'  Zjtlesfin,  Zt&chr.f.  jj/p */**>>/ .  Ch^m.,  Straasbtirg,  ISUl,  Btl.  xv*.  S.  3S7  ;  Araki^  ibid., 
1691-4,  Bde.  xv.,  xvi.,  xvii.,  xjx. 

'  The  (imp[>earaiK'e  of  the  oxy^t'ii  of  oxvlin'iiioglohiii  which  oecurH  in  Mood  on  ittanrlirig, 
haJi  been  afloriljcil  to  the  prc'^ciji  <;  of  layputheticfil  Huhstanrt»H,  to  which  the  t^!■^ln  "reducing 
Biih«tAnces''  hfia  been  jij([»l!e<b  No  i-biniuMl  HuhstiuiceH having  such  a  rf'<hn  iti|/  power  Hfivp, 
hnwever,  been  either  iHohvted  from  hh>f)d  or  rhoiiiically  inw.Hti;(aU-d.  Mnreover,  ibi?  rediif> 
lion  of  oxyh5f?mQfilobin  in  blowi  on  standi ii|^%  may  he  due  to  its  oxyjfjjeii  }ieing  removed 
hy  the  biopijiHrii  lioth  of  the  white  eorpnsw'k'M  and  of  ptttrefiintive  haeterln,  whieh  rapidly 
begin  to  appear  and  nmUiftly  in  drawn  blaod.  Heddrtioti  even  ncenri*  with  Hdlutions  of 
pure  crystalU^^ed  oxyha^mo^lobin  hennetirall}'-  sealed  in  glass  Odies, 

■  Ardi.  f.  d.  *je^^.  rkifStioL,  Ikinn,  Bd.  x.  S.  251  ;  fte«  aI»o  (»trnann,  ibid.y  1877,  Bd.  xv. 
S,  382. 

^  JourfK  PhjtsiaLj  Canihridf^e  and  Lonikm,  If^PI,  voK  xv.  p.  449* 

*  In  copnectioti  with  thiii  quoHtiou,  the  iKjjfiiihility  imint  n«t  be  forgotten  tbat  even 
ordinary  proteids  may  liave  a  carbohydrate  Ducloua  in  their  molecule  (cf.  p.  64)» 
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and  the  greater  the  aiermnt  of  muscular  activity  the  greater  the  amount 
of  oxidified  materials  in  tlie  form  of  carbonic  acid  and  water  that  are 
formed  and  got  rid  of  from  the  body.  It  is  prolmble  that  the  oxidation 
processes  which  occur  in  gland  cells  are  hy  nn  means  so  active,  fur 
although  a  glaud  when  stimulated  to  activity  receives  a  larger  amount 
of  oxygenated  blood,  yet  a  considerable  amount  of  the  oxygen  of  that 
blood  simply  passes  through  tlie  capillaries  without  being  ab84:»rbed,  so 
mucli  so,  in  fact,  that,  as  noted  hy  Bernard,  the  blood  of  the  veins  of  the 
salivary  glands  during  stimulation  of  their  cranial  nerves  flows  almost 
as  l^^ight  red  as  tliat  of  an  artery.  And  in  confirmation  of  this  we  find 
that  the  largest  gland  in  the  bfMly,  the  liver,  is  supplied  with  a  relatively 
small  amount  of  arterial  blood,  and  tliat  almost  the  whole  of  it« 
metabolic  activity  is  carried  on  with  blooti  which  already  has  pissed 
through  the  intestinal  capillarica,  and  which  has  thereby  been  deprived 
of  a  large  part  of  its  oxygen.  Fmther,  it  was  noted  by  Ludwig  that  the 
saliva  flowing  from  the  duct  of  the  submaxillary  glaud  containB  more 
oxygen,  than  is  tlissolvetl  in  the  plasma  of  the  arterial  blood,  an 
mdication  that  the  cells  of  the  salivary  glands  cannot  be  greedy  of 
oxygen  since  they  jjass  oxygen  out  along  with  the  secretion  rather  than 
retaining  it  for  the  formation  of  earbon  dioxide  and  water.  The 
salivary  glands^  moreover,  have  been  shown  by  the  recent  carefid 
observations  of  Bayliss  and  HilP  not  to  produce  any  appreciable  anioimt 
of  heat ;  and  although  it  is  stated  that  the  blood  tiowing  through  the 
liver  is  the  warmest  bluod  in  tlie  body,^  and  warmer  than  that  flc»wing 
through  the  muscles,  it  must  be  borne  in  mind  tiiat  it  is  almost 
impossible  to  measure  exactly  the  normal  temperatiure  of  the  blood 
flowing  from  the  muscles,  because  the  operation  necessary  for  obeerving 
the  temperature  of  such  blood  would  tend  U)  expose  it  to  loss  of  heal' 

In  conformity  with  the  conclusion  that  the  muscle?  are  the  organs  which 
possess  by  far  the  greutcnt  amount  of  metabolic  activity,  it  has  been  estimated 
that  the  muscular  tissues  ctmtrdn  about  one-fourth  of  the  whole  blood  of  the 
body^  The  liver,  whieh  has  imporU^nt  special  functions  to  f>erform  in 
metiibohsm — functions  which  are,  liowover,  prohubly  in  large  measure  inde- 
pendent of  oxidation — contains  another  fourth  of  the  blood,  one- fourth  is 
employed  m  ker^ping  full  tlie  larger  arteries  and  veins,  and  all  the  rest  of  the 
IxKiy  put  t^igetlHT  lias  for  its  capillary  supjily  ouly  the  remaining  fourth.  Il 
is  clear,  th^^n,  that  in  all  observations  and  experinient8  up:*n  the  metabolian 
of  the  body,  the  mettibolism  of  the  muscles  must  occupy  a  prominent  place. 

NlTROGKKOUS  METABOLISM  IN  THE   TISSUES. 

Of  tl^e  proteitJa  of  the  body  Voit  di^tiDguishes  two  kinds — (1)  Thoee 
which  form  an  integral  pirt  of  the  living  substance  or  bioplasm,  and  (2) 
those  which  occur  in  the  tiRsuc  jnice  and  in  contact  with  the  bioplasm, 
but  which  are  not  to  be  regarded  as  forming  an  integral  part  of  that 
substance  itselL     To  this  latter  kind  he  has  given  the  name  of  **  circu- 

*  JouTR.  rhifnol.^  Cambrklge  and  Loinion,  1894,  vol.  xvi.  p.  351.  Preriotistj  to  tkb 
work,  it  had  been  uccciitiHl,  on  the  authority  of  I  Aid  wig  aad  otliers,  that  the  secretioa  of 
saliva  is  accompanied  l>y  a  marked  firoduetim)  ol'heiit  witlun  the  siihniflxillary  gtaud, 

^  Ree  \K  826.  Wayiooutli  lieid  was  uiiahle  to  liud  any  cU'ect  on  the  teni^teratore  of  the 
liver  as  the  result  of  stiniuliiting  the  w|»lai;itdiiiie  and  vagi  nerves  ('*  Pixw,  Fhys.  Soc,*' 
1895,  p»  xxxi.,  in  Jouni.  Pltifsitjl.,  Canihridgt;  tin/l  Loudon,  vol,  xviii.), 

^  In  his  experinientH  tT|*on  thi^ gaf^eous  exi'hatige  in  Mood  ijcrfusefl  through  "  surviving'* 
uiaiuinalian  niuBcle^  v.  Frey  found  that  the  blood  leaviug  the  muscle  WM  aligbtly  wvmrr 
than  that  entering  it  (Arch./.  Phynioi.t  Leipdg,  1885,  p.  659). 
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latiug  proteid/'  while  the  proteid  which  is  assiuned  to  act\ially  form  the 
living  su Instance  of  the  tisanes  is  termed  hy  Voit,  Orfjaneiwem,  which 
may  be  rendered  in  Eiigliah  hy  "organ-  or  tissue-proteid." ^  If  the 
term  *'  cireulatini^  proteid  "  he  uaed  to  include  the  proteida  of  the  blood 
and  lymph  as  well  as  those  which  occur  in  the  actual  intersfcicea,  if 
any,  of  the  hioi>]asm,  no  exception  can  be  taken  to  it,  hut  if  it 
is  used,  as  has  been  sr>metinieH  done  by  Voit,  in  a  restricted  sense, 
merely  to  indicate  proteid  material  which  is  interpolated  amongst  the 
moleeulea  of  the  proteid  forming  t!ie  biophisni,  without  itself  actuaUy  con- 
stituting part  of  that  Bubstancc,  it  must  be  adndtted  witli  Piliiger-  that 
such  employment  of  tlie  term  win  only  be  misleading.  Uning,  however, 
the  term  circulating  or  unorgaiused  proteid  in  the  wider  sense,  there  are 
still  two  ]MLS.sihiUti<^R  open  as  to  the  manner  in  wljich  the  ]iroteids  of  the 
body  undergo  metabolic  changes — (1)  We  may  assume  that  the  circu- 
lating proteiih  reaching  the  ti.^^u^'s  and  becoming  imbilted  by  them, 
must  he  completely  incorporated  and  built  up  into  them  l>efore  it  is 
aplit  up  anfl  oxidised  ;  or  {2)  it  m  open  to  us  to  suppose  that  the 
unorganised  proteid  may  be  spht  up  and  oxidised  outside  the  actual 
mohK!^ules  of  the  orgainsed  proteid  of  tlic  living  bu Instance,  but  as  a 
consequence  of  the  action  of  that  sultstance.  In  the  one  case  we  may 
suppose  it  to  produce  a  direct  formation  or  building  up  of  bioplasm — a 
transformation,  in  fact,  of  unorganised  into  organised  proteid  ;  in  the 
other  case,  as  undergiiing  contact  changes  by  tlie  action  of  the  bioplasm, 
much  in  the  same  way  as  contact  changes  are  brought  about  by  organised 
ferments. 

One  reason  for  believing  that  the  circulating  ]u-oteid  only  becomes 
in  part  built  up  into  the  material  of  the  bioplasm,  is  derived  from  the 
following  observation  (Voit).  If,  to  an  animal  kept  upon  a  diet  con- 
sisting of  non-protci<i  food  (fat),  gelatin  is  given  in  an  amount  Bulhcient 
to  replace  a  caloric  ei|uivrdent  of  such  non-prnteid  material,  it  is  found 
that,  reekcuung  fnr  the  amount  nf  nitrogen  due  to  tlic  metabolised 
gelatin,  which  alwuys  appears  in  full  as  lU'ca,  there  is  less  nitrogen  given 
oirfrom  tlie  body  tlian  lie fore  ;  that  is  to  say,  there  is  less  tissue  substance 
broken  do^vn.  But  in  the  total  absence  of  nitrogenntis  food  there  is  a 
definite  amount  of  body  proteid  raetaboligied;  and  since,  wlien  gelatin 
is  given,  it  is  metabolised  instead  of  ]iart  f>f  this  proteid,  altliougb  it 
cannot  itself  be  built  up  intn  tissue  substance  (p.  878),  it  must  be 
assumed  tliat  the  gelatin  has  taken  the  place  of  proteid  which,  although 
in  such  intimatL^  contact  with  the  bioplasm  as  to  become  metabolised 
under  its  influence,  did  not  actually  form  bioplasm.  It  may  further 
be  argued  that  the  rapidity  with  w!uch  metabolic  chang(!S  in  proteids 
occur  within  the  body,  and  the  large  ammuit  of  such  metaliolianj,  when 
excess  of  pruteid  is  taken  ay  IYhkI,  render  it  improbable  that  all  meta- 
morphosed proteid  has  been  built  up  to  form  bioi>laHm. 

*  C,  Voit,  '*  Die  Ernahmng,"  Ileiniaijn'i^  *' ITaiitllMieli/'  \\t\.  vi.  S.  301.  Tin*  terms 
''or^aiiisca  "  and  **  unorgauiseJ  "  |kr<it«4  iiro  prelVrnble  in  *' tiNiiUtj'"  iind  "circulating''- 
prot#i(J,  wljieh  ImvjnJjw n  tned  at  flitVerent  times  in  ditrfient  senses.  In  enrlier  puliIieationB 
{ZtH-hnf.  BmL,  Miiiielien.  1874,  Ud.  x\)  \  uil  itielinlni  tlie  protdds  of  iiltioil  j^ltwrna  uiuler 
the  deM>cnatioii  **Or^an«iHi-i?is,"  fnunrliiijL;  thin  view  ufion  the  fact  tliut,  jis  tlie  exiicnnieiita 
of  T.Hchirit'W  (/-Vr.  c^.  l\  mrhn,  (tfsfJhth.  d.  n'ts-tfusch,,  isJL  S»  111)  ami  Fart^tfT  (SUztfTKjsfK 
d.  k\'bayer.  A  tad.  d.  WiMrm^ch.  zv  Sfiaiih'it,  IHTfs  S.  20^5)  B^^emerl  tn  Hlimv,  tninsfusion 
of  biQodi  does  not  inertJastj  the  protuid  motabolihin  of  tlje  iKxiy,  Pfnifter,  however  (/^.  eit.j 
infra,  pp*  362  ft  se^.)  has  shtpwu  thftt  the  renults  af  Tscbiriew  jind  Forwtcr  are  capahjo  of 
a  diaTnetrieally  upposit^  intet|jr4it:itioi], 

-  Arch./,  d.  gcs,  Phyfriof.,  ISnim,  1893,  Bd.  l\v.  fi.  333. 
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Voit  has  drawn  a  muc!i  sharper  distinction  between  the  organised  and 
unorganised  (tissue  and  circulating)  prot-eid  than  that  atx>ve  indicated.  He 
denies  that  tissue  prot*jid  can  ajs  such  undergo  metabolism,  even  in  inanitiaii. 
According  to  his  view,  it  must  first  be  dissolved  up  and  take  the  form  of 
circulating  protcid,  and  be  carried  in  this  form  to  other  tissues  iejj,  from  the 
muscles  to  the  heart  and  nervous  system),  to  be  metaholised  as  circulating 
proteid  in  these,*  This  view  is,  however,  difficult  to  reconcile  with  the 
supposition  that  there  Is  no  ckemieal  difference  between  the  two  forms  of 
proteid/*  for  if  there  is  no  such  tliflference,  it  ia  not  clear  why  the  proteid 
should  not  become  metaholised  in  the  tissues  themselves^  but  should  need  to 
he  conveyed  outside  them  l)efore  imdergoing  metabolic  changes.  Moreover,  it 
is  entirely  inconsisteut  with  the  experiments  of  Oertmann  and  Pflliger,  of 
Pembrey  and  C4lirber,  and  of  Schondorff  (with  Pfliiger),  which  will  be  suhee- 
quently  referred  to. 

The  arguments  and  experiments  by  which  Voit  has  endeavoured  to  support 
his  position  are,  however,  quite  insufficient  to  ciirry  conviction,  and  it  must  be 
regarded  as  having  been  rendered  completely  untenable  by  the  experiment* 
and  criticisms  uf  Piiuger.^  A  view  exactly  the  contrary  to  that  of  Voit  wai 
taken  by  Liohig,  and  has  been  maintained  by  HoppeSeyler,  and  in  a  some* 
what  qualified  form  by  Pflijger,  According  to  this  view,  it  is  only  organised 
proteid  which  can  undergo  metabolic  changes—never  unorganised.  Unorgan- 
ised proteid  must  therefore  first  he  converted  into  organised  before  it  is 
capable  of  metabolism ;  in  other  words,  tissue  bioplasm  must  be  built  up  out  of 
circulating  proteids  before  these  last,  whicli  then  of  course  have  become 
tissue  proteids,  win  be  broken  down  and  oxidised.  It  is  therefore  denied  th&t 
any  metabolinni  of  proteids  can  occur  outside  the  actual  molecules  of  the  living 
substance — that,  in  short,  there  can  be  any  contact  action.  It  has,  however, 
been  shown  in  the  case  of  yeast,  that  chemical  action  may  take  plac^  outside 
the  living  cells,  although  under  their  direct  ngency,  so  that  the  possibility  of 
metabolic  changes  occurring  under  the  influence  of,  but  outside,  the  acttial 
molecules  of  the  protoplasm  of  cells  cannot  he  denied.  Moreover,  it  is  not 
probable  that  the  nonq>roteid  materials  (fat,  carbohydrate,  gelatin)  of  the 
food  become  after  assimilation  buUt  up  into  bioplasm,  and  although  they  are 
undouhtedly  Liken  into  cell  protophxsm  they  can  hardly  he  regarded  as 
forming  constituent  parts  of  the  molecules  of  its  bioplasm.  In  this  sense, 
therefore,  they  are  outside,  although  in  contact  with,  the  bioplasm  of  the 
tissues ;  nevertheless  they  are  found  to  undergo  metabolic  changes  under  the 
influence  of  that  substance.  It  may,  of  course,  he  argued  that  they  also  are 
really  built  up  into  the  living  proteid  molecule,  and  must  be  so  before  they 
can  become  mct-a>Milised,  but  there  is  ahsohitely  no  evidence  that  this  is  the 
case,  or  that  fat  or  carbohydrate  are  necessary  constituents  of  bioplasm. 

The  fat  drops  which  we  see  embedded  in  the  protoplasm  of  cells,  are 
certainly  not  constituent  parts  of  the  bioplasm,  although  under  its  influenoe 
they  undergo  physical  and  chemical  changes,  and  the  same  is  the  case  with 
the  glycogen  clumfis  which  ciin  be  seen  in  the  liver  cells,  to  say  nothing  of 
the  starch,  aleuron,  and  fat  granules  of  vegetable  cells.  The  phenomenon  of 
contact  change  is  in  short  too  universal  to  be  denied.  Since  this  is  so,  the 
most  reasonable  view  to  be  tiiken  of  the  matter  ap[>ears  to  be  one  which 
supposes  that  nietaliolism  may  occur  both  as  a  splitting-up  and  oxitlation  of 
the  molecules  of  living  tissue  or  bioplasm^  and  as  a  splitting-up  and  oxidation 

»  Zoc.  eit,  S.  303. 

'"Ml  will  alHo  niclit  daniit  einen  chcmiscben  Uutiiraclited  bezpiebnen,  BOiideni 
znnichst  uur  eincn  Unterscliiedin  demOrtfl  an  deni  es  sich  belindet.  .  .  .  Ein  und  dissclbe 
Molokiil  Eiweiss  kann  in  uineni  bDHtinimten  MomeiiU'  Eiweiaa  <le»  Blutpkamis,  in  nsumt 
nachsten  Eiweiss  dcr  ErHahniiTKsJlusiiigkcit,  in  oinQm  anderen  Eiweiaa  der  Lynipll«  odor 
auch  Organeiweiss  sein  "  {loc.  cit.,  S.  301). 
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both  of  unorganised  proteid  and  of  non-proteid  materials  outside  but  in 
contact  with  the  niylecules  of  bioplasm.  Sui^h  ti  view,  which  is  in  a  sense 
intermediate  between  the  extreme  opinioo^  advocated  by  Yoit  and  Pfliiger 
respectively,  is  consistent  with  all  the  known  factB,  and  is  more  readily  applic- 
able to  the  phenomena,  both  of  animal  and  vegetable  metabolism,  than  the 
exclusive  acceptance  of  either  of  those  opinions, 

Wliether  directly  or  indirectly,  tissue  proteid  normally  undergoes  meta- 
bolism to  the  extent  of  about  1  |jer  cent,  of  its  substance  per  diem  (Voit). 

The  proteids  of  the  food  are  converted  by  digestion  into  albumoses 
and  j>eptones  ;  ultimately,  probably,  entirely  into  peptones.  Tbey  are, 
however,  not  absorljed  as  peptones,  for  no  peptones  are  found  in  the 
blood  or  chyle  leaving  the  intestines.  It  is  clear,  therefore,  that  the 
process  of  assimilation  or  the  reconversion  of  peptones  into  proteids 
must  occur  during  their  absorption,  that  ia  to  say,  in  the  sidistance  of 
the  raucous  membrane*  It  must  not  be  forgotten,  however,  that  a 
certain  amount  of  the  p»roteid  of  food  may  possibly,  as  occurs  in  vitro, 
be  broken  down  bey 0 ml  the  stage  of  peptone  into  simpler  nitrogenous 
bodies,  such  as  the  amidu-acida;  and  these,  if  their  formation  really 
occurs  to  any  extent  in  the  intestinal  tract,  would  be  absorbed  as  such 
into  the  portal  blood  and  conveyed  liy  it  to  the  liver.  Now  we  know 
that  the  addition  of  araitlo-aeids  to  the  1j1oo<1  which  is  allowed  to  circu- 
late through  the  liver,  as  well  as  their  athninistration  with  the 
food,  c-auses  an  increase  in  the  amount  of  urea  in  the  blood  after  it  has 
passed  through  that  organ,  and  an  increased  excretion  of  urea  by 
the  kidneys.^  From  this  it  may  be  assumed  that  any  amido-acids 
absorbed  are  converted  by  a  piocess  of  syntliesis  (possibly  preceded  by 
a  previous  more  complete  breaking-down,  into  ammonia  compounds)  into 
urea.  If  this  process  of  formatirm  i>f  amido-acids  otjcurs  at  all  in  natural 
digestion,  it  is  obviously  a  change  by  which  the  proteids  of  tlie  food 
would  not  be  directly  serviceable  for  the  production  of  tissue ;  and  in 
this  sense  such  c^>nversion  of  peptones  into  aniido-acids  may  he*  looked 
upon  as  a  direct  waste  of  p^roteid  food.  It  is  extremely  improbable  that 
such  a  change  occurs  to  any  extent  in  the  normal  organism,  nor  has  the 
presence  of  these  substances  to  any  marked  degree  been  determined  in 
the  normal  intestinal  contents.  ^loreover,  as  Bunge  remarks,  there 
is  not  suflicient  carbon  in  the  proteid  molecule  t*j  permit  of  all  the 
nitrogen  issuing  as  amiilo-acids.-  In  any  case,  these  bodies  must 
probably  lie  split  up  and  oxidised  into  carbon  dioxide  and  ammonia,  and 
from  these  urea  lH?come  formed  1ty  synthesis  in  the  liver.  We  may 
therefore  prol^ahly  put  aside  as  exceptional  this  mode  of  transformation 
of  proteid  into  urea,  and  consi<ler  only  the  change  wliich  is  undergone 
by  the  proteid  which  is  iictually  assimilated. 

With  regard  to  the  agents  in  the  mucou?^  membrane  which  pro<luce  the 
aBsiniilation  of  proteids,  that  is  to  say  the  conversion  of  peptones  into  proteids, 
there  can  be  ver^'  little  doubt  that  tin*  columnar  efiithelium  occupies  the  first 
place.  It  is,  howevtr,  difticult  to  fiDive  ihtit  the  change,  which  is  one  of 
synthesis  and  dehyilration,  does  actually  occur  in  these  cell?^.  We  have  chiefly 
analogy  to  guide  us  in  coming  to  thii*  conchision.  It  can  be  definitely  proved 
that  a  8ynthei»u«j  of  fat  does  occur  in   them ;  and  it  ia  therefore  probable  that 

*  Sctiultzcn  iD<i  Nencki,  ZUrhr.  f.  BwL,  MUnnhen,  1872,  Bd,  viii.  S,  124  ;  S4lkow»ki, 
Zlschr,  /.phytiol,  Ckem,,  Straasburg,  1879,  Bd.  iv.  S,  100  ;  r.  Knieriem,  ZUchr.  /.  BioL, 
Manchcn,  1874,  B<L  x.  S.  279. 

^  **  Lectura,"  p.  320. 
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otb«r  synthesea  which  accompany  assimilation,  such  as  the  formation  of 
proteidj^  from  peptones,  iiiunt  alsa  nceur  within  them.  Hufmeistcr  *  has 
suggested  that  the  leucocytes  may  also  take  an  important  part  \\x  determiniDg 
the  assimilation  of  the  foodstnffs.  They  are  prciseat  in  great  ahnndance  in 
the  intestinal  mucyus  memhrane,  and  ejsjiecially  those  parts  of  that  membnme 
where  aKsori)timi  proceedn  most  extensively ;  and  they  are  alsti,  it  has  been 
shown,  greatly  increased  in  nnmher  duiing  the  process  of  absorption.  It  is, 
however,  ditficult  to  obtain  affirmative  evidence  upon  tliia  point,  and  sinoe 
leucocytes  ebewbere  do  nut  jMJS^ess  this  power,  it  is  improbable  that  thej  are 
the  agents  for  such  conversion  in  the  intestine. 

After  assimilation  the  proteids  are  absorbed  by  the  blood  vessels  of 
the  intestinal  nuicons  membrane.  The  evidence  for  this  has  been 
already  given  in  the  article  on  "  Digestion  and  AbBorption  "  (p.  433). 
If  any  proteida  are  taken  up  by  the  lac-teals  of  the  small  intestine,  they 
do  not  get  into  the  thoracic  duet,^  but  must  be  transferred  to  the  blood 
vessels  in  passing  tlirtmgh  the  mesenteric  glands.  At  any  rate  we  may 
assume  that  nearly  the  whole  of  the  proteids  are  ultimately  taken  by  the 
portal  vein  to  the  liver.  The  portal  vein,  therefore,  contjiins  the  absorbed 
material  derived  from  digestion  and  assimilation  of  proteid  footl ;  it 
must  have,  therefore  (besides  the  ordinary  constituents  of  blood  plasma), 
an  additional  amount  of  serum  albumin  or  of  serum  globulin,  o1>taiued  by 
the  transformation  uf  the  peptones  into  these  materials  ;  also  exti-actives 
of  the  meat  or  other  forms  of  proteid  diet  (w  hich  are  absorbed  equaUy 
by  the  blood  vessels  of  the  intestine),  and  in  addition  any  prcilucts 
of  further  deconifiosition  of  peptones,  such  as  the  amido-acids,  the 
possibility  of  the  presence  of  which  we  have  already  discussed.  But  it 
must  be  borne  in  mind  that  the  blood  How  through  the  portal  system  is 
so  large  and  rapid,  that  one  could  hardly  expect  these  substances  to  be 
absorbed  into  it  io  such  a  prop<)rtion  that  it  woidd  lie  possible  to  detect 
by  chemical  means  any  appreciable  ditference  of  composition  between 
the  blood  of  the  portal  vein  and  that  of  the  system  generally,  nor  are 
there  any  satisfactory  analyses  directly  show^ing  such  difference.  Never- 
theless there  is  a  distinct  physiological  diHerence  lietw^een  the  portal 
blood  collected  during  absor[^tion  of  ftNtd,  and  especially  of  proteid  fo<:*d, 
and  the  Rime  blood  collected  during  the  intervals  of  digestion  ;  for  it  has 
been  shown  that  in  the  former  case  such  bloody  on  being  passed  through 
the  liver,  sh'>ws  an  incrciised  amount  of  urea»  whereas  in  tlie  latter  case 
such  an  increase  is  not  noticed.  It  is  certain,  at  any  rate,  that  the 
products  of  aljstu'ption  and  assimilation  of  proteid  foods  are  carried 
to  the  liver,  and,  having  traced  them  to  this  organ,  we  have  next  to 
consider— (1)  Whether  they  are  stored  at  all  within  it;  (2)  whether 
they  undergo  any  change  in  passing  through  it 

Influence  of  the  liver  on  proteid  metabolism*— With  regard  to  the 
possilde  st<u"age  of  proteid  in  the  liver,  it  is  oi»en  to  us  to  suppose 
that  \\\\  excess  of  proteid  material  which  is  present  in  the  portal  blood 
as  the  result  of  the  absorption  of  proteid  food^  might  i>e  temporarily 
taken  up,  at  least  in  some  measure,  by  the  hepatic  cells,  and,  after  l:)eing 


^  Arck.f.  e^rper,  Ptfth.  u.  PlmnnaM,,  Leipzig,  1884-7,  Bile.  xix.  S.  1  ;  xx.  S.  29  ; 
a  306. 

^  Asiher  and  liiirl>era  found,  howuver,  in  a  dog  a  maTked  rise  both  in  the  Amcmiit  of 
cliyle  and  of  the  riitro^n  of  the  chyle  (estimated  by  Kj^ldahl'a  methcxl)  during  digesdon 
of  purt!-ly  proteid  focMl,  givtji  liy  a  gastrif^  fis^tiila.  The  rise  vi&s  greatest  at  ihe  aixta  hoar 
aft*r  feeding,  but  there  uas  a  ivrinmry  eulniiimtitin  at  ihe  second  hour  {CtnlmihL  f, 
Phymof.,  Leip?:ig  u.  Wien,  1897,  lid.  xi.  8.  403). 
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stored  within  them  for  a  tiuie,  passed  cm  into  the  he|>atie  blood  to  reach 
the  general  L-irculation.  There  is,  however,  no  clear  evidence  that  such 
storage  takes  place  in  the  li^er,  or  tliat  if  it  does  the  stored  proteid 
undergoes  any  change  witliin  the  liver  cells. 

When  we  examine  the  secretion  of  the  liver,  we  find  that  it  contains 
a  considerable  amount  of  nitrogenous  organic  material  (bile  salts),  in- 
eluding  a  certain  amount  nf  sulphur  in  organic  condjinHtion  (taurine)* 
These  nitrogenous  and  sulphur-containing  materials  can  only  be  derived 
from  proteids,  and  since  they  arc  fi»rnied  in  greater  amount  during  absor]>- 
tion  of  digested  prodiicts  than  at  other  times,  it  might  well  be  sup])osed 
that  they  may  be  formed »  at  least  in  part,  from  the  absorbed  products 
of  proteid  digestion.  As  against  tliis  conjecture,  we  cannot,  however, 
fail  to  notice  that  the  ap]»carance  of  tfiese  nitrogenous  and  sulphur- 
containing  materials  in  the  liile  salts  m  accompanied  by  a  consiileral>le 
amount  of  material  in  the  form  of  bile  pigments,  winch  can  only  be 
derived  from  the  ha-moglolnn  of  the  red  blood  corpuscles;  and  since 
hcemogh>l>in  readily  deciunjioscs  into  h:cmatin,  which  is  probably  the 
part  directly  converted,  with  eliminatiiui  of  iron,  into  bile  ]>ignient,  and 
a  proteid  or  protcids,  it  has  been  Cimjectured,  and  with  some  pro- 
bability, that  the  bile  acids  are  actually  derived  fn>m  this  proteid  part 
of  the  broken-dnwn  ha  inoglobin  molecule.  The  only  direct  evidence 
that  we  have  of  the  breaking-down  of  blood  corpuscles  witlun  the  liver 
is  derived  from  ccrtiiin  i^nunirration  ex]>erimentB,  which  appear  to  show 
that  tlie  inunl*er  of  blood  corpuscles  per  cubic  millimetre  passing  to  the 
liver  is  gre^iter  than  tlie  number  per  cubic  millimetre  in  tlie  Idmjd  flow- 
ing from  the  liver.*  This  by  itself  is  nut  very  strong  evidtmcc,  but  it 
becomes  stronger  wlien  we  rcnuMnber  tliat  the  blond  Howing  from  the 
liver  may  be  expectwl  to  contain  Ifsn  water  than  that  wbicli  reaches 
the  liver,  since  there  has  passed  awa)'  from  it  the  water  of  the  liile 
and  also  a  large  amount  of  lyjnph.  Moreover,  the  constant  ]iresence  of 
lecithin  and  cholt'stcrin  in  the  bile  nuiy  well  lie  associated  with  the 
destruction  of  red  blood  corpuscles,  which  contain,  relatively »  consider- 
able amounts  of  these  sulmtiinces. 

Willie,  tlierefore,  tlie  presence  of  the  l>iie  acids  is  a  clear  inilication 
of  the  breaking-down  of  proteid  in  the  liver,  their  presence  does  not 
necessarily  indicate  that  sucli  proteid  is  derived  fr<m»  the  blood  plasma, 
but  it  is,  on  the  whole,  more  proljable  ihat  it  arises  from  the  hania- 
globin  of  blood  corpuscles.^ 

The  storage  of  glycogcti  in  the  liver,  uncler  circumstances  wlicn  it- 
can  only  be  supposed  to  be  formed  from  proteid,  indicates  another 
change  which  proteids  may  undergo  in  this  organ.  Such  a  formation 
of  glycogen  from  protein  I  prnljably  occurs  hardly  at  all  during  absorption 
of  a  jnixed  meal,  befeiuse  the  amount  of  carlioliyilratc  aijsorbed  from 
such  a  meal  would  he  nioic  than  sufticient  to  ficcount  hw  tlie  glycftgen 
8t<:»red  in  the  liver;  Imt,  in  the  absence  of  carbuhyilrate  from  the  food, 
the  proteids  may  Ijecoiiie  so  split  up  that  f>ne  portion  of  the  proteid 
becomes  converted  into  orva,  or  into  matetials  which  ultimately  form 
urea,  and  the  f»ther  jiortion,  iMissibly  by  Ijccoming  first  somewhat 
broken  down  and  then  again  synthetised,  into  glycogf^n, 

A  simUar  conjecture  may  be  made  with  regard  to  the  fat  which  is 

•  Nicolaides,  Arch,  'h-  phuMioL  nitrm.  itjmfh.,  Pari^.  1&82,  p.  r»;il, 

^  Aoconling  to  Kimkfl,  tan  Hue  may  \iv  foniifd  from  protci^lh  in  the  tLssuea  generaJUy, 
And  carried  to  the  liver,  Btr.  d.  k.  Mchs.  GtsdiMh.  (L   fFisHtn^h,,  1^75, 
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foirnd  in  the  liver  cells  during  absorption.  We  iinist,  it  is  true,  aBsuiue 
that  when  fat  is  present  in  the  food,  the  fat  which  *jccitr8  in  tlie  liver 
cells  during  absorption  is  derived  from  it ;  for  the  absorbed  fat,  aft4?r 
passing  through  the  columnar  epithelium  cells,  in  wliich  there  is  little 
doubt  that  it  inidergoes  metiibolic  changes,  gets  into  the  thoracic  duct, 
and  80  into  the  blood,  in  which  it  is  carried  to  the  liver  and  elsewhera 
Nevertheless,  in  the  absence  of  fat  from  tlie  food,  any  fat  which  is 
found  within  the  liver  cells  may  be  supposed  to  be  obtained  from 
proteid  after  the  splitting  oil'  of  the  elements  of  the  urea  molecule; 
but  we  must  suppose  a  considerable  breaking- ilowTi  and  a  re- 
synthesis  to  occur.  In  both  carbohydrate  anil  fat  formation  we  must 
recognise  the  possibility  of  the  preliminary  splitting  of  the  proteid 
molecule  occurriug  elsewhere  tliau  in  the  liver,  although  there  is  no 
reason  to  suppose  that  the  protoplasm  of  the  hejtatic  cell  does  not 
possesSi  in  common  with  protoplasm  in  general,  the  power  to  prrxluoe 
this  change.  Tlie  possibility  of  fat  l)eing  formed  from  proteid  is  shown 
by  the  fact  that  in  dogs  subjected  to  a  twelve-day  j>eriod  of  inanition, 
and  to  which  phosphorus  is  then  administered,  the  liver  contains  from 
two  to  four  times  as  much  fat  as  in  the  normal  animal — the  amount 
of  fat  in  the  muscles  being  also  greatly  in  excess  of  the  normal  amount.^ 
Tins  question  of  the  forrmition  of  carbohydrate  and  of  fat  from  proteid, 
both  within  the  liver  eells  and  elsewhere,  will  be  considered  later  on. 

Tiie  circumstances  that  in  mtynmals  urea,  and  in  birds  uric  acid, 
occur  in  a  larger  {jroportion  in  the  liver  than  in  any  other  organ  in  the 
body,  that  there  is  an  increase  of  urea  in  blood  which  has  been  passed 
througli  the  liver,  provided  such  blood  is  derived  from  an  animal  during 
absorption  of  proteid  food,  and  that  if  Idood  contaijdng  certain  ammonia 
compounds  is  passed  thrcmgh  the  liver  it  receives  a  very  appreciable 
addition  of  urea,^  all  point  to  the  fact,  which  is  now^  unquestioned,  that 
urea  and  uric  acid  are  produced,  if  not  exclusively,  at  all  events  mainly, 
in  this  organ. 

But  the  urea  whicli  is  found  in  the  liver,  and  whirl i  is  fiasseil  by  the 
hepatic  caiiillaries  into  the  hepatic  lilood,  although  ultimately  derived 
from  the  proteids  of  the  food,  is  in  all  prt)bal>ility  not  to  any  appreciable 
extent  ijumediately  so  derive<l-  If  this  were  to  be  the  case,  we  should 
have,  as  with  the  fr>rniation  of  leucine  and  tyrosine  in  the  intestine,  so 
far  as  the  tissues  generally  are  concerned,  a  waste  td  nutritive  material — 
a  condition  wiiich  is  unlikely  to  obtain  to  any  extent  in  the  animal 
econoni}'.  It  may  therefore  be  taken  for  granteil  that  the  great  part  of 
the  proteid  w^hich  is  absorlied  from  the  intestine  passes  on  through  the 
hepatic  veins  into  the  general  circulation,  witliout  being  stored  or  at 
once  modified  in  the  liver ;  and  since,  after  the  absorption  of  any  large 
amount  of  proteid  from  the  alimentary  canal,  the  relative  and  absolute 
amoimt  of  ]iroteid  in  the  blood  and  lymph  is  not  materially  altered,  we 
may  assume  that  the  exces.s  pr(»teid  is  wiurcd  somewhere  else. 

The  plac*e  of  sncli  storage  is  ]irobably  not  far  to  seek.  The  fact  that 
an  increase  of  assimilated  pmteid  in  the  blood  rapidly  increases  Uie 
metabolism  of  muscles,  points  at  once  to  such  proteid  passing  into  the 

1  Storcb,  Diss.,  Kjobenlmvn,  1865  ;  DeuUchfs  Jrch,  f.  hlin,  Mfd,,  Leip/Jc,  1S67.  M.  ii 
8,  264;  Bauer,  Ztackr,  f\  BioL,  Mihichcn,  1871,  Ri.  vii.  S.  63;  1878,  Bd.  xiv.  S.  527; 
Coiieneuve,  Jkv.  nuntt.  df  m^d,  *fchii\^  Piiris,  ISSO,  tome  iv.  pp.  26.'i,  444  ;  Stoluikow,  Ar^ 
f.  PkysioL^  Leipzig,  1887,  Suppl.^  S.  1. 

*  V.  Schroder,  Ardi/f,  exper.  Path.  u.  PharmakoL,  Leipzig,  1882,  Bd.  xr.  S^  964; 
ihid.,  1885,  Bd,  xix.  S.  273;  Salomou,  Virch^jw's  Archii\  1884,  Bd.  xcTii,  S.  149. 
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muscles  :  ami  Bince  Buch  uifieased  metabolisrii  continneB  during  Romo 
time,  the  exeesa  pruteid  miiat  be  supposed  to  be  in  the  tirnt  nistance 
stored  within  them. 

The  influence  of  aBsiniikted  proteidg  in  increasing  the  metabolism  of 
the  tissues,  and  the  manner  in  which  such  increased  metaholiBni  is 
brought  about,  has  received  tbe  attention  of  many  workers.  Aceording 
to  the  view  held  by  Voit,  which  has  been  ah'eady  referred  to»  wueh 
additional  proteid  is  not  built  up  iuto  tlie  bioplasm  of  the  timuoH,  but 
passes  into  the  tissues,  and,  by  contact  with  tlie  l*ioplasiiJ,  stiiuidittes  it 
to  increased  metahnliHrn  ;  such  metabolism  occurring,  aceur<hrig  to  Wat, 
entirely  in  the  circulating  proteid,  and  outside,  in  a  seuKC,  the  actual 
bioplasm.  On  the  other  hand,  according  to  the  view  wbich  luis  been 
strenuously  supported  by  Ptiuger,  such  excess  of  proteid  is  directly 
stored,  not  in  the  interstices  of  the  bioplasm,  luit  by  licing  built  n\\  into 
its  constitution ;  so  that  tbia  substance  grows  at  tbe  cx])ense  of  any 
excess  of  proteid  pabulum  which  is  brought  to  it  by  tbe  eircidatiiig 
fluid,  and  such  growth  or  increase<l  nutrition  of  li\ang  substance  in  itself 
directly  promotes  an  increased  destructifni. 

That  this  view  is,  at  least  in  jwirt,  correct,  appears  from  tlie  experi- 
ments by  Schoudorff",  which  were  carri(*d  out  umler  Plltjger*s  direction.^ 
Schondorff  f»erfused  blood,  taken  fr'no  a  dog  whicfi  bad  becji  kept  faHtiug 
for  some  days — (1)  through  tlie  lindw,  and  then  thmugb  tfie  liver,  of  a 
welhnourished  dug,  winch  Ijad  Ijcen  k'ept  chiefly  upiUJ  proteid  food,  and 
which  w*as  killed  immediately  before  the  ex]jerinjent;  (2)  tfirough  the 
limbs,  and  then  through  the  liver,  of  a  tlog  wbich  barl  licen  kejtt  fasting 
for  some  days  ;  and  (3)  Wood,  which  wa.s  taken  from  a  well-noiiriHiicfl  dog, 
was  passed  through  tbe  lindjs  anrl  liver  of  a  fastijig  animal.  In  hve 
experiments  in  which  blond  from  a  fanting  aniiaal  was  sent  tbniiigh  ttio 
organs  of  a  weihmuirislied  dog,  tlie  urea  of  tbe  }>erfused  bbiod  was  in- 
creased by  amoimLs  varying  from  alnjut  a  rjuarti^r  to  njore  than  double 
its  original  quantity.  Out  of  (ive  experiments,  \\\  which  the  Idood  of  a 
fasting  animal  was  sent  through  tlie  orga?js  of  a  fasting  animal,  the 
amount  of  urea  was  diminished  in  tw<i  by  9-."i5  and  61*  per  wnt.,  while 
in  three  it  was  hardly  aj>preciably  altered.  In  these  cawfs,  there- 
fore, there  was  practically  no  proteid  nietalxdi/^UL  In  two  experiments 
in  which  the  blood  of  a  well-nourished  animal  w^as  sent  through  the 
organs  of  a  fasting  animal,  the  urea  of  the  blMxl  was  diminislted  by 
13'5and  14-4  per  cent.  There  wai?  therefore  aln^i  here  no  prot4.-id  meta- 
bolism, the  diminution  of  tbe  urea  ha\'ing  lieen  probably  tlue  X/i  iliffiision 
out  of  the  blood  into  the  tissuei*.  TJiat  tlie  increaw-  which  was  obtained 
by  passing  the  bbx^l  of  a  fasting  animal  through  well-nourinbe*!  organs 
was  not  due  to  the  diffu.^ion  of  j*  re-ex  lifting  UTi^it  from  the  well-iiourislied 
liver,  was  determined  by  a  control  exijeriment,  in  which  it  was  found 
that  the  amount  of  such  diffui^ion  waH  at  niont  verj'  smali* 

Tbeee  cxperimente  ehow,  a/x<irdijjg  ^J  PHug*;r,*  llml  the  effer^t  of  increated 
proteid  food  has  bc^u  to  firrxluce  change  in  th<;  biophmm^  diri^tly  catunng 
this  to  grow  asd  to  Ijecome  more  active  in  \\m  metal>oiiKixj  \  wkenssi^  on  th« 
other  hind,  a  diminutiaD  of  proteid  f^vxl  hsu^  pro^iucjtyj  the  reveree  change, 
namely,  dij&iniitio&  in    amount    of    biopUvm,    with   ifia'livity  of    proteid 

I  AniLf.  £,  fern.  FhifM..  Bcmii,  \^n,  Bd.  iir.  H.  «20. 

^TIicaaMNiat  of  urea  m  tlie  bI<Jod  of  the  9\^rt*A  riv^*t  «T«ra(g0d  <HMI  fjcromt.  ;  tbe 
maxlDniBi  unouii  in  tb«  |cut«id4«d  d^^.  0*1^^  y^  otiiL 
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metabolisnip  even  at  a  time  when  tlie  tisiaiies  are  temporarily  supplied  with 
circulating  proteid  from  the  hlood  of  a  well'iiourished  afiimiil 

That  a  continuance  of  liberal  proteid  diet  does  |iroduce  an  increased  growth 
of  muscular  tiiksuEj  may  also  be  looked  upon  as  extremely  probable,  from  the 
daily  experience  of  athletes.  As  is  well  known,  the  diet  upon  which  training 
is  chiefly  earned  out  consists  very  largely  of  proteid  matter,  the  proteids  of  the 
food  being  in  much  larger  proportion  i^}  the  fats  and  carlvohydnites  than  in  the 
normal  diet  uf  untrained  persons.  It  would  appear  hkely  that  this,  which  Lb 
the  result  of  the  exi>erienee  of  many  generations  of  trainers,  must  have  a 
physiological  basis,  and  that  the  elfect  t>f  such  excess  of  proteid  in  the  diet 
must  in  itself  not  only  cause  an  increase  of  the  prot-eid  metfibolisoi^  hut  also 
lead  to  the  formation  of  actual  tisrfue  proteid.  Under  ordinary  circumstances, 
however,  whether  tlie  proteid  which  passes  to  the  muscles  is  actually  btiilt  up 
into  tlicir  tissue,  or  whether  it  is  simply  inchided  in  the  interjstices  of  the 
living  substance,  it  is  not  stored  there  for  long  ;  for  it  is  found,  after  a  meal 
containing  much  proteid,  that  within  a  few  hours  practically  the  whole  of  the 
proteid  which  has  been  absorbed  is  removed  in  the  form  of  urea. 

That  the  change  in  proteid  which  results  in  the  formation  of  urea 
must  primarilf/  occur  within  the  muscles,  within  which,  as  we  have 
seen,  the  greater  part  of  the  iixidations  of  the  body  occur,  there  can  Ic»  very 
little  doubt.  But  there  ban  always  been  this  diflicnlty  in  connection 
wit!i  the  queyticui,  that  altbtJiigh  urea  in  the  ultiinate  product  of  p^roteid 
metabolism,  the  nurscles  practiealh'  contain  either  no  urea  or  only  a 
very  small  amount  An  exception  is,  it  is  true,  foinid  in  certain  animals, 
e,g.  the  Elasmobrancb  fishes,  the  muscles  of  wliich  contain  a  considerable 
amount  of  urea.  Jiut  this  is  not  the  case  with  most  animals,  and  it< 
cannot  be  supposed  that  urea  is  formed  to  any  appreciable  amount  in 
the  muscles,  es|)ecially  since  we  Icnow  that  by  far  the  greatest  amount 
is  actually  formed  in  tlie  liver. 

A\liat  precursor,  therefore,  of  urea  is  formed  in  tlie  muscles  from  the 
proteid  which  is  metaljolised  within  them  ?  The  nitrogenous  sutistancse 
wfiieb  rould  liest  he  supposed  to  be  i>roduced  from  the  metabolism  of  jtvo- 
tcids,  is  ereatine,  since  this  is  the  one  found  in  largest  amount  within 
the  muscles:  and  it  is  natural  to  sup[iiise  that  creatine,  which  m  capable 
of  being  converted  in  the  laboratory  without  any  great  iliifjculty  into 
urea  and  sarcosine,  might  be  the  immediate  precursor  of  urea*  It  is, 
however,  found  that  if  creatine  is  injected  into  the  blood  or  subcutaDe- 
ously,  or  if  it  iw  taken  witli  food,  and  thus  ubsorlied  into  the  blood,  it 
does  not  become  converted  into  urea,  but  is  found  in  the  urine  as 
creatinine;  and  we  cannot  therefore  sup]iose  that  tlie  creatine  of  the 
mustdes  is  absorbed  by  the  blood,  and  carried  b}'  that  lliiid  to  the  liver, 
and  there  converted  into  m^ea,  since  we  find  tliat  creatine  added  to  the 
blood  does  not  become  so  con  vert  ed» 

Without,  ignoring  the  ]»ossil»ibty  that  the  cre^itine  which  is  found  in 
muBtde  may  still  ]\e  a  preliminary  stage  in  the  transformatioB  of 
proteitl  into  urea,  we  inusi.  h»ok  for  other  products  of  nitrogenous 
metabolism  parsing  from  the  muscles  which,  whether  derive<i  immedi- 
ately from  the  proteid  or  indirectly  from  it  tlirough  creatine,  may  be 
supposed  to  be  the  real  precursors  of  ui-ea.  As  a  matt-er  of  fact,  such 
products  are  found  in  the  form  of  ammotua  salts.  It  was  noticed  by 
8chrnidoriVj  in  the  experiments  already  quoted,  that  in  cases  in  wluch 
the  Idood  of  a  fasting  animal  was  sent  through  the  limbs  only  of  a  well- 

*  Stiidclei  and  Fnrnlisi,  Joura,  J\  prali,  CAem.,  Li*ipzig,  1868,  Bd.  lixiii.  8.  48. 
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nourished  uiiimid,  there  was  an  increase  of  ammonia  salts  in  tlie  bltxKL 
It  is  also  a  well-establiahed  fact  that  corUiii  annnonia  Baltf^  passed 
through  tl»e  li%'er  along  with  the  bl(M>d  become  syuthetised  within  the 
liver  in!* J  urea.  The  actual  form  whieh  such  amnionia  salts  probably 
take  is  that  of  a  combimitian  with  sjircolactic  acid,  which  is  also, 
as  is  well  known,  produced  in  muscle,  and  widcli  is  found,  probably 
in  combination  with  ammonia,  in  the  bbx»d  generally.^  These  facts 
render  it  not  improbable  tiiat  the  ultimate  condition  of  the  proteid 
which  has  been  metiil^^dised  in  nmsele  is  lactate  of  ammonia  (wliether 
passing  throyj^b  the  intermediate  condition  of  creatine  or  not).  Tiiis 
lactate  of  anmionia  passing  into  the  general  circulation  and  being 
conveyed  to  the  liver  is  there  converted  in  mammals  iut^i  urea,  in 
birds  into  niie  acid,  in  whicli  form  it  is  excreted  by  the  kidneys,  in 
conformity  with  this  it  was  fuinid  by  Alarfori  ^  thfU  lactate  of  ammonia 
injected  into  the  vein  of  a  dog  at  tin-  rate  of  GO  to  100  mgrins.  per 
kilo,  per  hour,  was  wholly  changed  to  urea.^  The  rest  of  the  molrcule, 
there  can  be  very  little  donbt,  is  oxidised  and  got  rid  of  in  the  form 
of  c^rljou  dioxide  and  water. 

What  iniennediate  changes  may  be  gone  through  Vietween  the 
splitting  of  the  pr<jteid  molecule  int<*  a  nitnigcncuis  and  non-nitrogenous 
part,  and  the  ultimate  oxidation  of  the  uon  -  nitrifgenou.s  part  into 
carbtm  ihoxide  and  water,  is  a  matter  maiidy  of  conjccturt^ ;  but  since  we 
find  within  the  nmscular  tissue,  as  an  itlmoHt  constant  constituent, 
glycogen,  it  is  conceivable  that  in  part  at  least  the  sjdit-oir  non- 
nitrogenous  ]^iortion  of  the  proteid  nmlecule  may  first  become  converted 
into  that  sul^stance^  and  posnitily  into  grape-sugar,  to  be  subscfjuently 
fnrtlier  split  np  and  iLxitlised  to  form  the  ultimate  ])rodacts  nf  oxidati^uu 

That  the  proteid  nndeeule  can  split  up  iutn  u  nitrogenous  part  and  a 
part  which  in  capable  of  being  converted  int<»  earbohyfhate,  is  sliown 
very  strikingly  by  the  plienonjena  of  diabetes,  wliether  natural  anil  of 
the  severe  form,  or  whether  due  to  the  administration  of  pbloridzin  or 
pancreatic  extirjiation.  In  these  ejises,  even  when  the  diet  is  ex- 
clusively proteid,  or  even  wlien  fooil  is  altogrLlnT  withheld  und  the 
st-arving  animal  is  com[]ellcd  to  live  mainly  upon  the  janU-ids  of  its  own 
tissne,  sugar  becomes  formed  in  great  anujunl,  and  must  be  produced  by 
the  transformation  of  prfileids.  It  is  not  nnreasonable  to  suppose  that 
tills  is  merely  an  abnormally  heiglitenetl  form  of  the  normal  condition 
of  things, and  that  under  ordinary  circumstances  a  sinnlar  transformation 
of  the  proteid  molecule  may  go  nn  in  the  muscles,  bir  in  pbloridzin 
diabetes  at  any  rale*  the  formation  of  sugar  is  indcjtendent  of  the  liver, 

Witli  regard   to  the  sulpliur  of  tfie  metamnrpliosed   juxjteids,  this 

'  CagUo,  Aftii.f.  I'hifitioL,  Lriji/ijr,  iS80,  S.  400.  <J*igl!Q  sliouefl  not  only  that  lactic 
acid  18  t^jiiBtaiitly  preHriit  in  tin?  lilaod,  Imt  that  its  (unoiuit  U  inorcaspfl  in  Mu<m1  jiorfiised 
through  various  *' surviving  "  orj^'ann  {kulncyw.  hin^^s).  Hte  Jilso  p.  159  tif  tliis  vohuuo. 
V.  Frey  nho  obtuiiied  an  imnnsc  at  lartic  anA  in  btjod  \v1ir)i  IiHtl  liwn  pcrfusjinl  thruUgh 
**»nrvivirij^"  nnjHit-  (Jr*it.J\  I'hifsiuL,  Lii>/ig,  188'*,  S,  53;J). 

^  Arch^f,  rxprr.  J'afk.  n.  P/tarmidof,,  Lei|izig,  1893,  B*l.  xxxi,  S.  71. 

'  Miukow^ki  founij  that  in  g'H.^f,  aUvr  rxtirpfttidn  oftlm  liviT,  thf  finimonia  of  the  tiiiuei, 
which  in  uormat  gei'fic  lunonnts  tu  from  9  to  18  jwr  tnii.  of  tlio  total  nitrogen,  was 
iiK^reased  to  from 50  to  tJO  [hi-  t  tnt.  {Arrh,  f,  ri-prr.  pafh,  u.  Phnrmakol,,  Lui[>/ig,  188^!,  Bd. 
xx\.  S.  41;  and  ibi^L,  ISU'.i^  Brh  xxxi.  J^,  2141.  whiUt  the  nnc  aitd  almost  fTiHa|ii»t'arcd. 
The  ammonia  wii8  in  thf  foini  at  hittat^',  although  in  the  normal  animal  th^jre  is  no 
tt|>prermi>lL'  amount  of  tutie  a<Md  in  tho  nrin<\ 

*  In  pftUfTeatie  ilialnHr.H,  iiiMorrlin^  to  MartUHi*  (  Verhumil.  d.  physir^.  OiuitUsch.  zu 
JJerlin^  1893-4,  S.  U8),  this  in  not  the  cj*s«.  Frogs  thj^rived  of  liver,  an  well  aa  panercaa, 
although  they  livm3  'd  to  6  dayB,  ahowtd  uu  glyt'osurin. 
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undoubtedly  is  mainly  trauBfonned  by  oxidation  into  sulphate,  for  it  ifl 
found  that  the  sulphates  of  the  urine  go  liand  in  hand  with  the  anioimt 
of  proteid  metaboliBni  which  is  proceeding  (see  also  p.  630), 

Nitrogenous  metabolism  in  the  liver.— That  a  very  important  part 
of  the  nitrogenous  metabolism  of  the  hotly  occurs  in  the  liver,  has  been 
insisted  upon,  and  the  experiments  which  have  led  to  onr  knowledge  on 
this  matter  liave  already  been  incidentally  referred  to. 

Urea. — The  evidence  of  the  formation  of  urea  in  the  liver  was 
obtained  by  v.  Schroder  in  a  series  of  researches  of  reniarkable  interest 
and  importance.  Schroder^  first  determined  that  this  substance  was  not 
formed  in  the  kidneys,  at  least  exclusively.  He  foimd  that  when  the 
kidneys  were  extirpated  in  a  dog,  the  amount  of  urea  in  the  blood  was 
increased  in  the  next  twenty-four  hours  to  four  times  the  normal 
quantity  (from  0*05  per  cent,  to  0^2  per  cent).  Nor  was  he  able  to 
obtain  any  increase  of  luea  in  bh^od  passed  through  the  kidney,  even 
when  sue! I  blood  contained  substances  {e.g.  carbonate  of  ammonia)  w^hich, 
by  the  liver,  are  capable  of  being  synthetised  into  urea.  This  is  the 
more  striking,  because,  as  we  tiave  seen,  the  kidneys  are  cajiable  of 
performing  such  an  important  synthetic  process  as  the  fonnation  of 
hippuric  acid  from  benzoic  acid  and  glycine  (Bunge). 

Schroder  also  showed  that  urea  is  uot  formed  in  tlie  musclea. 
He  found  that  blood  containing  carbonate  nf  ammonia,  when  perfused 
tlirough  the  liind -limbs  of  a  diig,  showed  no  increase  of  urea.  On  the 
other  hand,  blood  .similai  ly  treated,  and  passed  several  times  through 
the  liver  of  a  freshly-killed  auiuial,  was  found  to  contain  twice  or  tliree 
times  the  amount  of  urea  which  it  had  before  passing  through  the 
organ.  It  was  necessary  for  success  in  these  ex}ierinients  that  the  hver 
shouM  Ik^  taken  from  a  well-nourished  animal  If  removed  from  a 
fasting  dug  no  urea  was  forme<l.  A  similar  result,  obtained  by 
Sclu^ndorir,  has  been  already  referred  to  (p.  903). 

These  ex]>eriments  were  repeated  by  Salomon®  both  upon  sheep 
and  dogs.  Tbey  sliow  conclusively  that  the  liver  is  capksble  of 
fornung  urea  from  carbonate  of  ammonia.  We  have  already  aeen 
that  it  m  als<>  ca])able  of  forming  urea  from  blood  containing  the 
products  t>f  digcstinn.  Other  salts  of  ammonia  besides  carbonate 
are  found  to  be  elective ;  amongst  others  lactate  and  carl>amate 
of  annnonia,  and  also  the  amiilo-acids,  such  as  leucine  and  glycine. 
On  the  other  hand,  in  extensive  disease  of  the  liver,  eapecially 
of  rapid  occnrrence,  and  in  ex]terimeiits  involving  removal  of  the 
liver  in  mammals,  combined  with  the  establishnient  of  a  conimunioa- 
tion  between  the  jjortal  and  the  general  venous  system,  so  that 
there  shmdd  be  no  stasis  of  }>loi;d  in  the  capillaries  of  the  intestinal 
circulation,  ammonia  salts  are  found  to  largely  replace  urea  in  the  urine, 
such  salts  taking  the  form  of  lactates  and  of  carbamates  (]».  908).  With 
l>artial  extirpation  of  the  liver,^  and  also  with  iihosphorus  poisoning,  in 
which  the  liver  cells  undergo  extensive  degeneration,  there  is  also  a 
greater  or  less  diminution  of  urea  in  the  urine,  and  a  corresponding 
increase  of  aunuonia ;  as  regeneration  occura,  the  urea  becomes  again 
gradually  increased.  Tlie  same  has  also  been  noted  hi  extensive  disease 
of  the  liver,  especially  when  of  rapid  occurrence,  but  also  in  caaee  of 

^  Sei-  note  2,  ]i.  m2,  *  Ibid. 

^  Ponfii'k  Oil  rabbit),  Firchow^a  Arehiv,  BJc.  cxviu.  8.  225  ■  ciix.  8. 193,  cxxxviii.  SisppL 
S.  81  ;  V.  Meist«r  (in  cAt  and  dog),  UtiUralhh  f,  ailg.  Path.  n.  path,  AneU.,  Jeua,  1891,  Bd.  li 
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cilThrisiB;  the  ainijuuiia  is  UBually  aLC-i>mi»anietl  hy  lactic  acid.^  In  acute 
yelluw  alri^phy  there  is  hesides  a  cuiiHitlerahle  amoimt  of  leucine  aud 
tyroBiae.  Wheu  ctirbunate  of  aiaiiioniu  m  administeied  to  iiiammals,  the 
excretion  of  uuuaoiiia  is  not  iucreaHeil  in  the  urine,  hnt  area  is  formed 
in  proportion  t<^i  the  amount  of  amniduium  carlKuiate  ingested/^ 

It  is  iK)S^iblc  tlaitj  as  Drechsel  ^  supposes,  t-arhamate  of  ammonia  may  be 
the  iujmediate  precursor  of  ureaj  thtj  tiarboaate  being  lirst  converted  into 
carbamate  and  then  into  urea.  By  ehmiiiatioii  of  one  molecule  of  water, 
carU)iiiitt^  of  amaiouia  foruis  carbamate,  and  by  elimiaalion  of  a  second 
molecule^  urea.^ 

/0(NH,)  /NH,  /NH„ 

c=o  c=o  ^  c=o 

\0(iXH,)  N.O(NHJ  \NH, 

(carbouat<5  ofanimoniu)  (caHiainatt)  oraiiiiiioDia)  (urea) 

When  chloride  of  ammoniii  is  adiniaistcrtid  witli  the  faad  in  herbivora 
(rabliita),  the  whoh^  oi  tlie  lagosted  amaioaia  uppears  a.s  aiua  in  tht.^  anin>, 
but  in  wirnivora  and  in  man  suine  of  tbe  anuuonia  is  excreted  in  the  uriiie*^ 
Tire  difference  is  due  to  tlie  fact  that  the  inorganic  .salts  of  the  food  of 
herlnvora  ctuitain  an  exce»si^  of  potasaiaai  <!iir}junate.  This  takes  the  hydro- 
cbluric  acid  from  the  chloride  of  anuuonia,  and  carbuiiatc  of  amnjonia  ia 
formed,  wliich  is  readily  convcrteil  into  urea.  Jjut  when  there  is  an  exccHs  of 
proteid  in  the  diet,  sulphuric  acitl  is  formed  by  oxidation,  and  this  combines 
with  any  bases  present,  so  tliat  tlie  ammonia  is  not  set  free  from  the  hydro- 
chh^rie  aeirl,  and  the  (ddoride  of  ammniiiu  passes  unchanged  (liunge).  In 
fasting  dogs  all  the  ammonia  administered  may  be  recovered  from  the  urine.^ 

It  is  obvious  that  the  ftuiiiation  ]»y  synthesis  of  tht^  neutral  substance 
urea  from  the  alkaline  salt,  carbonate  of  ammonia,  wddtdi  is  formed  in  the 
metabohsm  of  pn^tei"!,  is  a  protcrti<in  friun  tlie  ilelcterinus  elTects  whicdi 
might  otherwise  cnsne  from  t*io  liigli  an  alkidinity  s^f  the  circulating  flrud 
and  urine. 

The  preBii  nipt  ion,  tbercFore,  undoiditedly  is,  that  uiirler  ordinary 
circumstances  the  ultinmte  transforination  nf  the  pro^lucts  cjf  nitru- 
genouB  Hie  ta  holism  takes  place  ujnlor  tbe  iniluence  of  the  hepatic  cells  J 

*  For  ri'fereticcfi  codhuU  Biingo's  ''  UoturcH, "  |>ii.  327  and  S-Jfi  ;  al«u  Neunteiater, 
"Lelirbnch,''  S,  liir>. 

'  Hallcrvorrleii  (with  Htlniiiidi^luMjL'),  Arch.  f.  Cj-jh-r.  rath.  w.  PhftrfnahjL,  Leipzig, 
1880,  Bd.  xii.  S.  2:i7  ;  F^acraii.!  K.  V.ijl,  Ztj^chr^f.  BiuL,  hUmAiLH,  IttfsD,  M.  xvL  8.  177. 
Yifhr  mid  Vuit  IouimI  that  a«'<'tati'  ot  tMnaioiim  also  (miua  nrviu  Thr  saTiio  tliitig  was 
det^^nuincd  for  uitratf  of  aiimiouia  hy  Lohrci",  with  ijurhhciiii  (Pi'^y*,  Dnrpfit,  ]8t52).  Thi« 
i«  the  reason  why  t  itrati:  of  aniTiHauu  docs  iiot,  like  dtnit*-  of  pijta^h,  make  tlm  uriiio 
Alkaline.  Both  citrates  an'  rojivf^rtc-d  iiiti>  wirlnjiiutia  in  thr  ImmIy,  hut  the  mrbojiatc 
of  auiiiioniA  hfHHjriit\s  tiaJiMloriutd  iTito  the  iiPiitral  una,  Viliile  the  rttrtiLHiate  ^jf  jiotajab 
(mwiffl  at*  such  irilo  the  mine. 

■  Ser.  d.  k.  nufhit.  (trKcf/sth.  tl.  fFih^ n^rh.,  1^7rs  -S.  171  ;  Jotfrfi.  /.  prakt.  f'hnn.^ 
Leipzig,  187ii,  K,F.,  WX,  xii.  ;  1H77,  VA,  \\u  \  l^SO,  lid,  x\ii,  ;  Arrh,  f.  Hi^nwL,  Lt'ip/ig, 
18*^0.  H.  5r*0, 

*  Ilop|je'843ylcr  (Bcr.  tL  (ffttfsck.  chcm.  Gearfh'h,,  Heiliii,  1874,  Bd.  vii,  S,  3i)  and 
SalkowKKi  {VenirtdbLf.  d,  imih  it'iHscnsch,,  litrliii,  lh7&j  S.  i*\'i  ;  and  Ztschr.  /,  pkifsivl. 
Chrm.^  8tra3»l>urg,  1.h77j  Bd,  i.  S.  liif)  regairl  {\  an  prohahly  thit  cyanic  aeid  may  be  the 
imnjediate  precniHor  of  urea,  vvhir;h  is  readily  foinied  fiojii  cyaiiate  of  anitiiuijia.  But  the 
evidence  in  favour  of  thin  Hupiiowition  is  hj  no  iiuaus  autheient,  Mherca,'*  that  in  favour 
of  aninioinuni  iiarlnjnrite  (atjtl  earhaniatL}  lieiiig  the  preenrsor,  is  very  strong. 

*  V.  Knieriem,  Ztachr,  f.  fhoL,  Munelieii,  1871,  Bd,  x,  8,  2453  ;  Salkowski,  Zisdtr,  f, 
pkyitiol.  Chem.,  8tra.s.HhurKi  181^7,  Bd.  \.  S.  L 

*  Fedtr,  Ztschr. /,  BioL,  Miniehrn,  1877,  Bd.  xiii.  S.  2r>(j. 

'  Richiit  haa  sltown  that  a  urea-fornuriK  ferment  can  ho  precipitated  hy  alcohol  from 
iu|iieoiiE  extract  of  livtr  (fJmnpl.  rcitd.  Soe.  dc  hkd,^  Paria,  181^4,  p.  525). 
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It  rnuBfc  not,  however,  be  assumed  that  the  whole  of  this  ultimate 
metabolism  occurs  in  tlie  liver,  for,  as  a  matter  of  fact,  after  complete 
destruction  of  the  liver  by  disease,  or  after  its  comjilete  removal  or 
destruction  by  operation,  the  urea  of  the  urine  does  not  wholly  die- 
appear,  although  in  large  measiu^e  replaced  by  ammonium  salts  (and 
under  some  circumstances  by  ifeucine  and  tyrosine).  It  is  not  certainly 
known  in  what  other  organs  ure^i  may  be  formed.  The  occnrrence  of  a 
large  amount  <^f  mea  in  the  muscles  of  Elasniohranchs  might  seem  to 
point  to  the  nmscles  as  the  |>osBible  source  of  such  nrea.^  But,  on  the 
other  hand,  as  we  have  seen,  v.  Schroder  was  unable  to  ijbtain  any 
evidence  of  the  appearance  of  urea  in  IiIchkI  perfused  through  muscles 
of  dogs.  It  is,  on  tlie  whole,  more  probable  that  other  glandular  oi^ans 
may  have  some  share  in  its  production.^ 

The  total  removal  or  destruction  of  the  liver  in  mammals  has  besD 
rcnuiered  jaossible,  by  the  discovery  that  it  is  feasible  to  establish  a  peniianent 
comrainiication  between  tlio  portid  vein  and  the  inferior  vena  cava  (Eck'e 
fistula),^  and  thus,  after  tying  tbe  hepatic  artery  a.s  well  as  the  portal  vein,  to 
shunt  tlie  liver  altogether  out  of  the  circulation  ;  in  fact,  after  such  a  fistula 
is  c^tabli-sheil,  the  organ  may  be  altogether  removed.  A  large  number  of 
such  operations  have  been  made  upt*n  doj^s  by  Ilalin,  ilassen,  Xencki, 
and  J.  PawloWj  and  tlic  rej^ults  upon  general,  and  eispecialiy  nitrogenous 
metabolisni,  carefully  recorded.*  About  orie-tliird  of  tbe  number  in  which 
the  lis  tula  was  esta  hi  itched  recovered  fmni  the  effects  of  the  operation,  but 
those  in  which  tlie  organ  was  completely  removed  only  lived  a  few  hours. 
Many  of  those  witli  the  Eck  Ji.'itula  refu?ied  food.  Tha'w?  soon  showed 
symptoms  of  convulsirms,  and  eventually  died.  Thone  which  fed  well 
recovered  weight,  and  showed  no  very  obvious  symptoms,  unlesis  given  an 
excesa  of  proteid  food;  this  invariably  brouglit  on  coniadsions.  The  same 
result  was  produced  by  giving'  earl>aniic  salUs  witli  tbe  fomi  {although  these 
produce  no  such  8ym|>tcini  in  normal  dogs).  The  urea  was  nnly  dightly 
diunni.shed  in  those  with  the  Eck  fistula  only  (but  greatly  so  when  the  liver 
waa  coni|dctely  removerl) ;  the  uric  acid  excreted  was  at  tirst  greatly  increased 
(finu'  times),  but  afterwards  became  normal  j  the  ammonium  salts  in  the  tirine 
were  iticreased,  and  were  partly  in  tbe  form  of  carbamate.  Merely  tying  the 
hepatic  artery  in  rabbits  may  al.HO  cause  the  appearance  of  ammonium  lactate  in 
the  urine,''  a  result  inolxddy  due  h\  interference  with  its  oxidation  to  car- 
bonate of  ammonia,  and  tbe  syuthesi8  of  this  to  urea.  The  amount  gradually 
diminishesj  under  these  circumstances,  as  a  collateral  arterial  circulatioii 
becomes  estidjHsbed  in  tbe  liver, 

Xencki,  Pawlow,  and  Zaleski^'  f<»und  tliat  tbe  jwrtal  blood  of  flesh-fe4  doge 
contains  three  and  a  half  times  as  rnucb  ammonia  as  the  hepatic  blood. 
Nevertheless  the  amount  in  tlie  portal  vein  (which  they  calculated  to  have 
been  4*73  gnus,  in  ten  hours  in  a  dog  weighing  9  5  kilos.)  was  too  gmall  to 

^  The  mUHcles  ot  Elasniohranebs  were  ftanifi  by  v.  S«.'hnkler  (i^/A'Ar. /,  j*^y»i<rf,  Chtm.^ 
fttrasslmrg,  1S90,  lid.  xiv.  S.  f(76)  tu  eoutaiu  2  porct-iit.  of  urea  ;  tbe  bloody  2*6  per  cent. ;  Ui« 
liver,  I'M  (wr  nmt.  Tbr  (uuonut  fomul  in  the  nnisoli\'!  remained  the  same  after  reraoTil 
of  the  Hvur.  It  is  tlHTefore  evident  that  the  conditions  of  nitrogeBoas  met«bolimil  «» 
i^uite  diffcrt'iit  in  tlu-se  Miinial.4  froTii  thow  nn't  with  in  mammals. 

^  VJ,  Mitn^er,  Arrh,f.  r^rper,  Ptfih.  n.  FhtrmaloL,  Leipzig,  1894,  Bd.  xjcziii.  S.  164; 
Kaufm^vnn,  J  nit*  fh^physiol.  norm,  ft  pith,  ^  raris,  }H94^  p,  53L 

^  Euk,  Trat\  Hoc.  d.  mdttr.  dt  St.  I'f^UirMf/Oftr*j,  1879»  toniC  x. 

*  Jrch.  de  sr.  hhL,  .St,  Petoi-sUmrfC,  1892,  tome  i,  i^  401  ;  Areh,  /.  ejrjMfr.  Daik. 
tt,  rhirmnl'd.,  lAl\m<^,  ]Si*3,  Bd.  xxxii.  S.  161.  8ec  iilso  iStern,  tWei.,  Bel*  x\%,  8.  46; 
ami  V.  Sihn^dor,  ihld.^  S,  37'L 

*  Zillesnen,  /Aschr. /.  physioL  Vhem.,  Strawsbnrg,  Un,  Bd.  xv.  S.  387, 

^  Arch./.  €XptT.  Path,  n,  PkarmahfL,  Leipzig,  1896,  Bd.  XXXyiL  8.  26. 
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account  for  the  whole  of  the  urea  excreted  by  the  kidneys  j  they  conaidep^ 
therefurti,  that  it  must  be  partly  fonncd  in  other  organs. 

Uric  acid. — ^In  those  animals  in  which  the  ultimate  product  of 
nitrogenrms  metabolism  is  urit-  acid  instead  of  nrtm,  it  is  probable  that 
the  primary  changes  wliich  go  on  in  tho  inuacles  result  in  the  f<jnnation 
of  similar  substances  (lautic  acid  and  aunnonia)  a8  are  formed  as 
antecedente  of  urea,  and  tliat  the  secondary  change  to  uric  acid  occurs 
in  the  liver.  For,  after  extirpation  of  the  liver  in  birds,  these  subgtancea 
are  found  in  the  urine  replacing  uric  acal.^ 

Minkowski^  removed  the  liver  in  geene,  taking  advaiitxige  of  IIk^  fact  that 
in  birda  there  exi^^tH  a  vein  (Jacobson^s  vein)  whkh  effei  Lh  a  comninnitiation 
between  the  portti  vein  an<l  the  vena  iidveheUH  cif  the  kiilney,  f<<»  that  when  the 
|)ortul  vein  Ls  lied  beyond  tiiis  coniniunieation  tlie  blixn!  i>f  the  niet^enterie  veins 
pasiiejif  tiu'wigh  the  kidneys,  and  is  wA  cau^^eil  to  ^itagnati*  as  in  nianjuialB,  In 
some  animals  he  niendy  tifnl  the  [Mtrtal  vein,  in  rttherri  lie  eompletely  removed 
the  liver  ;  tin  j^e,  h-ivvrver,  only  snrvivetl  tlie  operation  a  few  hoiira  (at  mowt 
twenty).  The  urie  aeid  of  the  urine  sank  as  iln^  result  of  this  ujterationj  so  that 
from  represL'ntin^  GO  to  70  per  cent.  «*f  thelntal  nitro^^-n  of  that  sec  re  ti  on  ^  ns  in 
normal  antmaLsj  it  re[»resented  only  3  to  G  per  cent,  the  amtfunt  of  ammonia  in 
the  form  i>f  lactate  heing  correspondingly  inereaiiied.  Tlie  lactic  aciil  found  hi 
the  iifine  under  the.si^;  circumstances  is  the  Bareolaetic  which  ih  formed  in 
muscular  tissue  ;  it  in  present  in  even  larger  jiroportions  tlian  ammonia,  ho  that 
the  urine  i.s  strongly  aeid.  Alto^^ether  half  the  solids  iff  the  urine  were  formed 
of  annnoidum  lactate,  although  in  tiie  normid  animal  nom^  is  prest-uL  No 
amido-acids  were  found  in  the  urine,  and  no  .snliiliates.  The  urea  ami  creatine 
were  mmltered  in  amount.  In  the  blood,  lartic  aeid  wan  present  and  abo  some 
leucine  and  tyrosine.  ll^rija  injected  into  the  stomaeh  a]i|jeared  as  sucli  itt 
the  urine,  although  in  the  noraud  goose  it  is  converted  into  uric  acid.  Tlie 
administration  of  glycirHJ^  and  asparagine  cunsed  a  great  increase  in  the 
animunia  of  the  urine.  The  same  edVct  as  irxlirpatii>n — namely,  the  re[>lace- 
mcnt  of  uric  aoii!  hy  lactate  of  anuaiuna — may  he  j>roduced  hy  nu^ely  tying 
the  hepatic  artery  in  birds,''  a  result  which  is  probably  due  to  the  fact  that  the 
oxidations  within  the  organ  have  been  thereby  so  greatly  inti^rfered  with,  that 
the  transformation  of  the  laetiite  of  anirnoniainto  carbonate  and  the  subsequent 
synthewiH  of  uric  aeid  has  l>een  prevented.  That  uric  acid  can  l>e  f^^rmed  in 
mfro  iviim  lactic  acid,  amnjonia,  and  carbonic  acii],  has  bren  sliown  by 
Horliaczewski,  who  obtained  urie  aeid  by  heating  trichlorlactamide  with  urea 
(see  p.  587). 

We  are,  however,  not  justified  in  asHunnng  ttuit  the  uric  acid  which 
i.H  found  in  the  urine  of  n^aunualH  runs  a  jwrallfd  cuurst;  in  its  formation 
with  tlmt  taken  in  the  foiTaation  of  urea.  For,  in  the  fiiHt  place,  it  is  not 
in  them,  as  in  birds,  necessarily  incrcawed  in  aniuuiit  hy  the  ingestion  of 
proteid  food,  nor  does  it  go  hand  in  hand  witli  the  excretion  of  urea. 
And  whereas  in  birds  tiie  ingestion  of  the  aniido-acids  and  of  ammonia 

^  V,  Scbroder  flbowed  that  urie  ricid  is  not  furanMl  in  the  kiilneys  in  birrlH  Rod  snakes, 
bat  tbftt  alter  tlu'  reinoTal  <tf  thos^  organs  it  jircanuiliitt^s  in  the  hlotid  uiul  tiH*aics  (Arch./* 
Physiol.,  I^ipzig,  ISSO,  Sni-pb  S.  113;  Beitr,  t,  PhpuoL  C,  Lttduiij  z.  n.  /O  OtburtM., 
Leipzig^  18S7,  S.  89).  v.  iScIirodor  idso  wlicnvrd,  in  contirnintion  ol  ua  i^arlierobservution  of 
Meisaner,  that  the  liver  of  binls  tontainN  more  nric  anid  tliiiii  \}w  blond.  According  to 
A.  OarrcKl  (Proc.  Ili^y,  Hoc.  Loudon^  1S93,  vob  liii.  p.  -i?!^),  thiirc  is  110  iirir  acid  normally 
in  birds*  blood,  and  this  t^ontninH  fw  niiub  nrva  .ih  tbnt  fd'  a  niannual.  ^iarrod  in  of  opinion 
that  uric  aoiil  i^  j»n»diM  ed  in  th<-  kidiH'yN  by  syntbesiy  of  iir^a  anrl  glytjine,  U  the  rysulta 
of  V.  ScliRMjer  are  cornxt,  it  in  diltuidt  to  uiidH«land  tbin  ronrluttion. 

^  Arch.  I  exper.  Path.  1/.  Pharmakoi.,  Leipzig',  1880,  lid.  xxi.  8.  H. 

»Minkowaki,  ihid.,  1893»  Hd.  xxxb  ^.  2\A. 
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salts  is  followed  by  an  increase  of  uric  acid  in  the  urine,  such  siibstanees 
given  with  the  food  to  mammals  and  man  produce  only  an  increase  in 
the  urea  excreted.  The  same  thing  occurs  even  when  uric  acid  itself  is 
given  to  dogs,  whereas  the  addition  of  urea  to  the  food  of  birds  produces 
an  increase  in  the  uric  acid  excreted.^  There  is  in  fact  a  funclamental 
difference  in  this  respect  between  the  proteid  metabolism  of  mammals  as 
compared  with  birds  and  reptiles,  but  the  difference  is  in  the  later  stage 
of  such  metabolism,  which  occurs  in  the  liver,  and  not  in  the  earlier 
stage,  whicb  occurs  in  the  muscles.  It  has  been  noticed  that  in 
mammals  the  diet  which  inost  tends  to  produce  an  increase  of  uric 
acid  is  glandular  sidistance  and  especially  thymus  gland,  which  con- 
tains a  large  amount  of  nucleo- proteid.  It  is  not  increased  by  a 
flesh  diet,  unless  this  includes  nucieo-proteids ;  whereas  in  aftections  in 
which  there  is  an  increased  formation  (and  presumably  therefore  also  an 
increased  destruction)  of  lymph  cells  (leucocytosis),  a  marked  increase  of 
uric  acid  has  been  noticed  {ejj.  in  leukiemia).^ 

For  a  further  discussion  of  this  subject,  see  "  Chemistry  of  the 
Urine,"  pp.  593-596. 

Mares  ^  found  the  uric  acid  of  the  urine  tu  be  increased  during  digestioD ; 
he  ascribes  this  Uj  the  activity  of  glaudular  cells  and  increased  metabolism  of 
nueleo-proteids.  In  accordance  with  this  view,  ho  found  pilocarpine  to 
produce  a  Bimilar  increase.  Horljaczewski  **  found  tlie  uric  acid  diminisbed 
in  cases  of  cirrhosis  of  the  liver,  and  concludeij,  therefore,  that  it  is  not 
formed  in  mau  in  this  organ.  On  the  other  hand,  by  digesting  spleen 
pulp  (which  narmally  contain  hi  neither  uric  acid  nor  xanthin  nor  hypo* 
xaiithin)  with  arterial  bltiod  at  40'  C,  he  obt^iined  a  couBiderable  formft- 
tiou  of  uric  acid,  and  the  same  when  nnclein  was  used  inst-ead  of  spleen 
pulp. 

Uric  acid  given  to  mernmals  (dogs)  with  their  food  <loes  not  hicrease  the 
uric  acid  of  the  urine  but  the  urea.  In  ail  probability  it  become^?  transformed 
into  urea  in  the  liver.  The  uric  acid  which  is  found  in  the  urine,  and  which 
baH  probably  been  formed  from  the  nucleo-proteid  of  the  food,  or  of  degenerated 
cells  of  the  tissues,  may  be  .^^npposed  to  have  reached  the  kidneys  without 
having  pa.Hsi?ii  thrt»ugh  the  liver. 

If  in  a  (log  with  an  Eck's  tistula  the  uric  acid  in  the  urine  be  estimated, 
and  the  hepatic  artery  then  tied,  it  is  found  that  the  uric  acid  in  the  urine  is 
largely  increased.  Tlus  may  be  explained  by  supposing  that  the  uric  acid 
formed  from  the  products  of  disintegration  of  nucieo-proteids  of  cells,  such  fts 
those  of  the  spleen  and  lymphatic  glands,  has  not  been  transformed  into  ureft, 
as  would  Ije  the  case  were  it  allowed  to  pass  through  the  liver.  Those 
products  of  disintegration  are  proteids,  phosphates,  and  xanthin-  (alloxuric) 
bases.  The  latter  i>artly  undergo  further  oxidation  into  uric  acid,  partly  are 
eliminated  directly  by  the  kidneys  as  xanthin  or  hypo  xanthin.  They  axe 
increased  in  blood  which  has  been   perfused  through  almost  all  organs  of 

^  Hyposaiithiti  givt^ii  to  liiiTis  also  markedly  increases  tlio  uric  arid  of  the  uritie  ;  thi« 
also  occurs,  however,  when  the  liver  is  removed.  It  is  therefore  probably  transformed  bjr 
a  procesa  of  simple  oxidatioD  in  tin-  tiNsxieji  (v.  M&cli,  with  Minkowski,  Artk,  /,  «a^pfr. 
Path,  u,  Fhannakol.,  Leipzig,  1887,  Bd,  xxiii.  S,  139). 

-  Sta^ltlmrren,  f'irchntp'a  Archiv,  1887,  ¥ki.  fix.  S.  390,  found  no  iirio  add  in  the  spleen 
or  liver  in  vjlshh  of  leuk:rmiaj  but  abiindanee  of  xaittbiii  and  hyjioxanthin*  There  was  a  gnmt 
increase  of  uric  acid  in  tlie  uriuo,  but  this  was  not  further  increased  by  giving  uri©  acid 
with  the  fo(xl» 

*  Arfh.  slaves  tk  hid,,  Paris,  1887,  tome  iii.  p.  207. 

*  Sifznmtsh.  <f.  t.  AkmL  d.  f^f j?5tf rt**/t. ,  Wicn,  18S9,  Bd.  xcviii.,  Abth.  3,  S.  801  ;  t&»tf., 
IS&l,  Bd.  e,  S.  78  j  Jreh,/.  Physiol.,  Leipzig,  18l>3,  S.  109.  Cf,  Har^a,  6il^nff§b,  d.  k. 
Akad.  d.  iris,^nseh.,  Wien,  Bd.  ci,,  Abth.  3,  S.  12, 
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the  body,  but  especiiilly  those  with  much  lyuiphoid  tissue.*  In  amphibia 
and  tithes  tho  oxidatiou  to  uriti  acid  does  n^t  occur,  and  this  substance  is  not 
found  in  the  urine, *  Part  of  the  uric  acid  of  the  bird's  urine  appears  to  be 
produced  m  the  same  manner  m  in  aiammalsj  and  does  not  disappear  after 
extirpation  of  the  liver,* 

Influence  of  muscular  activity  on  proteid  metabolism,— As 
we  have  already  iuniafced  upou,  the  greater  part  of  the  metabolisui  of 
the  body  goes  on  in  the  muscles-  This  is  the  case  lx>th  when  at  rest 
and  in  activity,  but  their  nieUibolism  m  greatly  increased  during  aGti\ity. 
This  is  sufficiently  shown  by  the  fact  tliat  a  much  larger  amount  of 
earbonic  acid  m  given  olT  from  the  body  when  the  muscles  are  con- 
tracting actively  tfian  when  in  a  condition  of  rest ;  and  the  chemical 
changes  which  can  be  sliown  to  occur  in  the  nmseles  as  a  result  of 
contraction,  such  as  the  production  of  sareolactic  acid  and  of  L'O^,  as 
well  as  the  disappearance  of  glycogen,  must  mean  increased  metabolism. 

Although  there  is  a  general  consensus  of  opinion  that  the  CU,  output 
of  the  body  is  largely  increased  as  a  result  of  muscular  activity,  the  evidence 
that  the  CO.^  leaves  the  muscles  as  such  is  by  no  means  conclusive.  The 
observations  which  have  been  made  ujion  this  subject  are  of  two  kinds, 
namely,  {a)  the  observation  of  the  CO,,  given  off  by  excised  "surviving" 
frog's  muscle,  tet^inised  at  intervals,  as  compared  with  the  amount  given  otF  by 
corresponding  nmscle  at  rest ;  and  {b)  the  observation  of  the  amount  of  CO;^  in 
the  veQous  blood  of  the  muscles  of  mammals,  taken  during  conditions  of  rest 
and  of  contraction  of  the  muscles  respectively.  The  Ijcst-known  experiments 
of  the  first  kind  are  thowp  f»f  L.  liermann/  in  confirmation  of  the  results  of 
Matteuci  ^  and  Valentin/'  who  found  that  the  CCL  yielded  by  tetaniped  frog 
muscles  was  greater  in  amount  than  tliat  yielded  by  resting  muscles  under  like 
conditions.  The  ditterence,  however,  was  greatly  diminished  by  agitation  of 
non-contracting  muscles.  A  careful  repetition  of  this  experiiaent,  condut^ted 
in  1893-4  in  my  laboratory,  by  L.  llill,^  failed  to  show  to  the  most  careful 
analysis  any  appreciable  clillVrence  in  the  COj  output  of  two  such 
Bets  of  muscles  (contriicting  and  resting).  Similar  experiments  by  Tissot* 
yielded  results  confirmatory  of  those  of  Hermann,  Recently  the  question 
has  been  again  investigated  by  FletclKT,"^  who  employed  a  titration  method 
for  the  estimation  of  the  CO,>j  and  made  use  of  the  extremely  accurate  ap- 
paratus devised  by  Black  man  '^  for  estimating  the  fraseous  exchanges  in  plants. 
Fletcher,  both  with  skeletal  and  with  cardiac  nmscle  (tortoise),  was  able 
to  obtain  only  the  smallest  possible  ilifference  cKf  CO..  output  between  rest 
and  contraction,  and  he  comes  to  the  conclusion  that  the  contrary 
results  obtained  by  Hermaim  and  others  are  due  to  the  prolonged  stimula- 
tion inducing  the  commencement  of  rigor  mortis,  a  condition  which  is 
attended  by  a  considerable  output  of  C^L  The  other  method  of  investi- 
gation, by  the  estimation  of  the  CO^  contained  in  the  blood  which  has 
passed  through  muscular  tissue,  as  compared  with  that  entering  it,  was 
first  undertaken  by  Ludwig  and  Sczidkow  ^^  upon  muscles   in  situ  in  the 

*  Horbaczcwflki,  Aliftrnf^h.  f.  Chem.^  Wien,  1889,  Bd,  x,  S.  G24,  and  loc.  ciL^  supra, 
=  Nebelthau,  ZL^chr,  jBioL,  Miuiclien,  1889,  Bd.  xxv.  S.  129. 

*  ilinkowaki^  loc.  eit. 

*  *' Stofrwe^-liRel  tlor  Miiskeln.'*  Berlin,  1867. 

^  Ann.  tie  <^Mm.  etphys.,  Paria,  18f>6,  Stir.  3,  tume  47. 
«  ATth.f,  }thimd,  Hdik\,  Stnttgart,  1857- 
'  Hitherto  nnpubliabi'd. 

^  Arch,  dephysifd,  vwrm.  et  petth.^  Faiis^  181M-i>. 

"Communkation  to  ilw  I'liyaiologicjd  SuL-icty,  May  1S97,  not  yet  published, 
^"^PhiL  Tram.,  London,  1895,  vd,  tjlxjcxvi.  p.  ^Sfi. 
^^SUzungsb.  d.  Jt.  Akad.  d.  fVUsetusch.,  Wieri,  18fi3,  B*h  xlv. 
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living  animal,  and  by  Ludwig  and  Schmidt^  upon  separated  and  perfused 
muscles  of  the  dog.  Moat  of  these  experiments  showed  an  increase  of  CO^ 
during  eon  traction,  but  in  some  there  was  no  increase.  Minot-  (also  with 
Ludwig),  using  serum  for  perfusion  iuBtead  o!  blood,  could  tind  no  reUtioD 
between  the  C0;2  output  and  the  contraction  of  the  muscles.  He  came  to  the 
conclusion  that  CO;,  is  not  one  of  the  disintegration  prmlucta  formed  during 
contraction.  Frey  and  Gruber,"*  using  somewhat  improved  methods,  have, 
however.  ol>tained  more  distinct  evidence  of  an  increase  of  COj  during  con- 
traction ;  and  a  Kimilar  result  wa.'?  got  by  Chauveau  and  Kaufmann,*  w*ho 
investigated  tlie  amount  of  C(  K»  in  the  blootl  fjassing  to  and  from  the  levator 
lahii  inferioris  of  tlie  horse  when  at  rent,  and  when  in  natural  activity  during 
masticati<jn.  It  must  be  state*!,  however,  that  the  results  obUiined  by  f»er- 
fusion  of  separated  mammalian  musclar  are  not  altogether  free  from  the 
objection  raided  by  Fletcher  regarding  the  excised  surviving  muscles  of  the 
fro^%  that  [prolonged  ext^itation  may  tend  to  hasten  the  approach  of  rigor. 

It  is  theielore  not  absolutely  certain  whether  the  CUj,  ivhich  lb  ultimately 
produced  as  a  result  of  musuular  activity,  actually  leaves  the  muscle  as  such, 
or  in  some  other  form,  suc!i  as  lactic  acid,  which  is  destined  to  be  further 
oxidised  elsewhere.^ 

The  most  interesting  question  in  connection  with  the  special  meta- 
bulifsm  of  the  nmsclcB  which  rcnmins  tu  be  considered,  ie  the  effect 
which  their  cxerciBe  produces  upon  the  proteid  metabolism  of  the  body. 
It  was  the  opinion  of  Licbig  that  tlie  energy  of  muscular  contraction 
was  produced  by  the  oxidation  of  nuiseular  Hubstance,  and  it  would 
follow  from  this  that  the  exercise  of  the  nmscles  must  tend,  ceteris 
parihiLs,  to  increase  the  amount  of  nitroji^en  excreted  in  the  urine. 
This  doctrine  of  Liebig  was  nccei>ted  for  many  years  by  physio- 
logistH,  but  was,  for  a  time  at  least,  completely  overthrown  by  the 
results  of  the  famous  experiment  of  Fick  and  Wislicenus,*  known  as 
the  exiJeriment  of  the  ascent  of  the  Faulhorn.  It  was  shown  by 
these  observers  that  at  least  three  times  as  mucli  work  was  done 
during  the  ascent  as  could  be  accounted  for  by  the  oxidation  of  proteid. 
as  estimated  l>y  the  amount  of  nitrogen  eliminated  by  them  during  and 
after  the  work. 

The  work,  therefore,  could  only  have  been  caused  by  the  oxidation 
of  uon -proteid  matter.  Similar  results  were  obtained  by  Parkes'  and 
others  in  man,  and  by  C,  Voit  in  dogs.^  This,  combined  with  the  fact 
that  the  COa  output  of  the  body  is  increased  in  proportion  to  the 
amount  of  exercise,  led  to  the  view  being  widely  adopted  that  the 
energy  of  the  Inuly  is  mainly,  if  not  entirely,  obtaineil  by  oxidation  of 
iion-proteid  materials,  ami  that  the  splitting  and  oxidation  of  proteid 

^  Arh.  (1.  d.  phifsiol.  AnsL  zu  Lei^fzig^  1868» 

^  Rml.,  1877. 

^Jrch.f.  PIufsioL,  Leipzig,  1S85,  S.  519. 

*CompL  rend.  Acad,  d.  ^c,  Paris,  1887. 

"^  For  other  observfttiojis  and  statistics  on  tbo  subject,  »ee  article  ''Ctiemigtry  of 
Respiration/' 

*  rrfijschr.  d,  tuUurf.  Orsetlsch.  m  Zilri^h,  1865,  Bd.  x.  S,  317, 

'  Proc.  Ei'ij,  Svr.  London,  1872,  vol  xx.  \h  402. 

"Sec  HfirTTiaiin's  *' Haiidlnicli/'  Bih  vj,  S.  187.  The  experimenta  of  PArkos,  Voit,  and 
North  {ivi  wt'll  a*(  those  hy  Vavy,  Austin  Flinty  and  others,  which  cuniiot  hens  W  r»* 
fciTe«i  tain  detail),  were  Tna<ie  upon  n^-n  and  i\iv^  taking  walking  rxcrci«e.  It  baa  biwn 
dL'teriuined  by  Zunfzand  Katztnatein  (in  nmo  and  ln>rs«)  that  each  kiJograni metre  of  macvnt 
work  iH  aecompaiiiefl  hy  a  eoiiauinption  tif  oxyc^'n  thirte«*n  times  that  consumed  in  each 
metre  of  walking  exereise  [Arch./.  Phj/sioL,  Leipzig,  1890,  S.  867,  F^rkandL  d,  pk^mct, 
Oeselfneh.  tu  Berlin). 
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must  contribute,  under  the  oidmary  circtimstances  of  a  mixeti  diet,  but 
little  to  the  j>ro<luction  of  muscular  energr. 

Many  oilier  exj*erinieiit«  have  l>eeii  jjer formed  of  a  like  nut  11  re,  and 
leading  practifjilly  to  the  same  eonelusinn,  A  few,  however,  have  given  a 
result  which  has  shown  a  somewliat  inereasetl  anion nt  of  nitrogenous 
excretion,^  hut  it  wUl  he  found  on  an  examination  of  these  that  in  every 
case  there  lias  either  heen  an  excessive  amount  of  work  done,  leading  to 
proL»ahly  an  ahnormal  condition  of  meta holism,-  or  there  has  l>eeii  taken 
in  with  the  food  an  iuButticient  amount  ^if  non-proteid  material  to  pro- 
vide the  necessary  oxidation  and  energy  for  the  work  re«[uired  to  he  done, 
plus  the  maintenance  <tf  body- temperature-  Under  such  circumstances, 
it  is  clear  that  the  proteid  material  of  the  fnixl  must  l>e  called  u|)on  for 
oxidation  and  the  formation  of  ener;jy,  and  we  should  then  naturally 
exjiect  an  increased  aiufumt  of  urea  in  the  urine. 

I^sed  uiTon  exiieriments  which  come  under  this  lieading,  Ftliiger* 
and  his  pupils  have  shown  a  tendency  of  late  yeai*s  t<t  retm'u  to  the 
original  doctrine  of  Liehig,  and  to  throw  over  the  view  which  has  heen 
accepted  almost  exchisively  Hinee  the  experiment  i«f  Kick  and  WiBlicenuB 
above  referred  to.  Thus  Argutinsky,*  working  with  Pihiger,  found,  in 
repeating  the  experiment  of  Fick  and  Wislicenus  in  a  somewhat  modified 
form,  that  there  was  a  marked  increase  (12  to  25  jier  cent.)  of  nitrogen 
excreted,  if  not  so  much  during  the  actual  performance  of  tlie  work^  at 
any  rate  duriug  the  two  days  succeediug  il,  and  tliat  frcmi  7o  to  100  per 
cent,  of  tlie  total  work  done  could  he  accounted  h^r  by  oxidation  of 
proteid :  even  with  100  gnus,  of  sugar  added  to  the  diet,  there  was  still 
an  excess  of  N  excrcteil  snflicient  to  account  for  25  per  cent,  of  tlie 
work  done.  Similar  experiments  by  Krummacher  and  others  yielded  a 
like  result"  It  has,  however,  been  pointed  out  l>y  L  Munk,**  that  the 
conditions  of  tlie  experiments  of  Argutinsky  are  not  tlie  same  as  those  of 
Fick  and  Wislicenus,  in  so  far  as  the  amount  of  food  which  was  taken 
by  Argutinsky  and  Kruuimaclier  had  an  insutlicieut  caloric  value  to 
produce  the  re<[iiired  amrjunt  of  energy,  tiiat  of  Argutinsky  representing 
only  18  calories  per  kilo.;  that  of  Krummacher  only  28  c^alories  per 
kilo.,  whereas  a  man  at  rest  requires  o2  cjilories  per  kilo, ;  as  a  natural 
result,  a  part  of  the  proteids  of  the  liody  wns  called  upon  for  tlie  pro- 
duction of  the  neet.*ssary  energy.  That,  given  a  suthcient  amount  of 
proteid  food,  and  an  hisuflicicnt  amount  of  non-|>roteid  food^  a  large 
amount  of  mnscular  energy  can  be  ]noduced  by  iixidation  ui  the  proteid 
is  no  doubt  true,  Thus,  a  dog  wliich  was  kept  Ijy  l^Huger  for  some 
months  upon  lean  meat,  containing  a  very  small  amount  of  non-proteid 


1  Cf,,  for  example*  Austin  Flint,  Joimi.  AwU.  and  Phijitiol.,  l^ijtlorj^  vol.  xi,  p.  109, 
and  voL  xiL  }k  9 J  ;  Pavy,  Lancef,  Loiulou,  187H,  vol.  iL  Nos.  ii2-'2<i  ;  1877,  vol.  i.  Ao.  2  j 
\\\  North,  iViff.  R0f/.  Soc.  Lffndon,  1883,  vol.  xxxvi.  \\  11. 

^  That  such  nitro);^eij  iBcn?a.so  U  avSmxiinted  with  HlmorTnal  conditions,  appe&rs  from  th* 
PxperimenU  of  Opiitnlieimer  {Arch,  /.  (L  w'lf.  I'/itjuioL,  nonii,  1880,  Bd.  xxii.  S.  40  and 
B^i.  xxiii.  S.  446),  of  /aiuU  and  i>i'}yeTm\nr^  (Jrch.  f.  PfnjmU,,  Unpzig,  1895,  S.  378),  ami  of 
Oddi  und  TaiuUi  {Btt^K  d,  t\  JcrmL  mrrL  di  Homn,  tome  xix.  p[>,  2  and  57). 

'  *'Dio  Quelle  d«r  Mu^k<  Ikraft,  *  Ardt.  r\  ft  t^^'s,  PhifHiul.^  Bonn,  1891,  BiL  1.  S.  0S, 

*  Arch,/,  d.  f/f-s.  Physio/.,  Bniin,  18as\  Brl.  xlvi.  S,  552. 

*  Ibid.,  1890,  m.  xivii,  8.  4r»l  j  het^  also  PHiiger  and  Borland,  ifjid,,  1886,  Bd.  xxxvi. 
S.  165;  Hleibtrcn  and  Bohlanfl,  iOid.,  l.bNH,  Bd.  xxxviii.  8,  1. 

*  Arek.  /  Phijswi.,  Leipj^i^t  liii^O.  S-  -'-^7  {VerhandL  d.  jikmial.  Gfsellsch.  sit  Berlin ^ 
188£>-&0,  No.  12),  Cf.  also  Hirnilifpld,  FircJww's  Archir,  lauo,  Bd.  cxxi.  S.  f.O],  who 
obtained  a  nmrkt-il  increaso  of  X  in  the  excreta  wlien  wurkinj^  on  insiiltident  diet,  hnt  not 
when  the  diet,  whulhtr  proteki  or  nonpruteid.  wan  siiJhdent.  Fnrther,  Sondt^n  and 
Tigerstedt,  Skandin.  Arch,/,  PkysioL,  Leipzig,  1895,  Bd.  vi.  S.  18K 

VOL.  L—S^ 
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matter,  was  nevertheless  able  to  perform  a  large  amount  of  muscular 
work,  metabolising  at  the  same  time  a  very  eonBiderable  amount  of 
proteid,  the  oxidation  of  which  could  have  been  the  only  source  of  the 
greater  part  of  the  energ^\  Whether,  however,  as  Pfliiger  hf^lds,  the 
living  tissue  prefers  to  employ  proteid,  when  it  has  euffieient  oilered  to  it, 
for  the  production  of  work,  or  whether,  as  is  generally  supposed,  it 
uses  up  final  the  available  non-proteid  material  for  the  [production  of 
energy,  and  only  secondaril}'  calls  nprm  tlie  jiroteid  for  the  purpose  of 
oxidation  and  energy  prodoetion,  is  a  matter  which  it  is  ni>t  at  all  easy 
to  settle,  Tliat  pmteids  enter  largely  into  the  diet  of  athletes  is  a 
fact  which  is  of  some  importance  in  connection  with  tfie  queKtion. 
But  although  for  short  periods  athletew  are  unqueBtionably  caf*able  of 
doing  a  very  large  amount  of  work,  it  niuat  be  remembered  tliat  their 
(liet  is  by  no  meiins  rigidly  coniined  to  proteid  substances.  It  must 
also  be  borne  in  mind  that  there  is  a  large  class  of  laljourers  both  in 
this,  but  more  especially  in  other  countries,  who  get  tl>rough  a  much 
larger  average  amount  of  work  per  diem  than  is  performed  by  athletes, 
and  who,  nevertheless,  fret^uently  have  an  amount  of  proteid  in  their  diet 
the  oxidation  of  which  is  altogetlier  insuttlcient  to  account  for  the  work 
done.  Tlie  fact  that  a  proteid  diet  has  been  selected  for  training  purposes 
may  be  due,  in  the  first  place,  to  the  more  ready  assimilation  of  proteid  by 
the  body ;  and,  in  the  second  place,  to  the  fact  tliat  it  is  specially  required 
in  these  cases,  because  during  training  it  is  important  to  encourage  the 
building  up  of  muscular  tissue,  and  for  tins  purpose  proteid  is  ne<2es6ary; 
not  becMiuBe  the  proteid  of  the  diet  is  itself  more  roadily  oxidised  and 
converteti  into  energy  by  oxidation  tlian  the  non-]>roteid  materials. 

But  whetlier  there  may  be  ju-oduced  under  some  circumstanoee  bb 
the  result  of  muscular  exercise  an  increase  in  the  nitrogen  of  the  ege8ta« 
it  is  certain  that  the  most  prominent  effect  upon  the  egesta  of  activity 
of  the  muscles  is  an  increase  in  tfic  amount  of  carbon  rhoxide,*  such 
increase  being  either  unaccompanied  by,  or  altogether  disproix)rtionate 
to,  any  rise  in  the  nitrogen  egested.  It  must  therefore  arise  from  the 
oxidation  of  non-nitrogenous  materials,  i.e.  fat  and  carl  Kih  yd  rates. 

CI.  Bernard  was  of  opinion  that  tlie  grape-sugar  which  be  had  dis- 
covered in  tile  liver  and  in  the  blood  might  by  its  oxiilation  in  the 
tissues  take  an  important'  part  in  the  production  Ixjth  of  heat  and  of 
mechanical  energy.  Seegcn  -  is  disposed  to  go  much  further  than 
this,  holdiDg  that  muscuhir  energy  is  obtained  solely  from  the  oxidation 
of  dextrose  brought  to  the  muscles  by  the  blood.  He  finds,  as  others 
liave  done,  that  sugar  is  never  absent  from  the  blood  even  after  pro- 
longed fasting,  and  that  there  is  an  excess  of  glucose  in  the  hepatic 
blood,  iinlcpeudent  of  the  j)resence  or  absence  of  glycogen  in  the  liver. 
He  also  finds  in  most  cases  a  diminution  in  the  percentage  amount  of 
sugar  in  the  venous  blood  leaving  a  nniscle,  as  compared  with  that  in 
arterial  Idood  Some  of  Seegen's  results  are,  however,  paradoxical, 
nor   have   they    received    adequate   confirniation,  although   a    similar 

'  Cr.  article  *'  ClieTnistrr  nf  Respiration/' 

3  *'  Dip  Ziii^k^  rltildmig  iiii  Tlikrkorjiflr,"  Bci  Hii,  1890 ;  and  Arch,/,  d.  ^j.  ^^Hoi.,  BotUk, 
1S9I,  Bd,  I.,  which  volmiip  also  contains  a  finticwm  of  Sec^n'a  views  by  Pfluger,  See  tiao 
on  this  wnbject  L  Mnrikj  rerhnndl.  d.  phifrini,  0€S€Hsch.  rw  Berlin^  in  the  Arch.  f.  PhgwioLt 
Lfipzi«^%  1^W6,  S.  372  ;  Znntz,  lYxV/.,  S.  538,  and  CmtraM.  f.  Physhf,^  Leipzig  n,  Wien»  ISW, 
a  6fll  ;  and  Mosse,  Arth.j\  d.  fjes.  FhimoL,  Boan,  1896,  hd.  Ixiii.  8.  613.  Other  i^afwri  hj 
Seet,^i*n  relating  to  ihib  suhjeet  will  be  (ouod  in  tlie  Catirtdbi,  J\  Physiol,^  Leipzig  tt.  Wicn^ 
during  the  Ikist  few  years,  and  in  the  Arch.  f.  Physiol.,  Leipzig,  1895  &nd  1896. 
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difference  in  the  amount  of  sugar  of  the  blooft  |mssiiig  to  anti  from  an 
activ^e  muscle  has  been  obtained  bj  Chauveau  and  Kaufmanni*  such 
differences  as  are  found  generally  fall  within  the  limits  of  experimental 
error.  Chauveau  ^  has  farther  endea%^oured  to  aho%v  that  in  dogs 
muscular  work  is  not  effected  at  all  at  the  expense  either  of  the 
proteids  of  the  l)ody  or  of  the  food :  but,  as  I.  Munk  has  pointed 
out,  the  results  olvtained  caunot  be  accepted  as  couclusive.^  That 
gljcogen  disapfiears  both  from  the  liver  and  from  the  muscles  of 
dogB»  and  from  the  *' survtving**  excised  muscles  \A  the  frog,  con- 
comitantly with  the  productinn  of  muscular  work,*  is  held  tf>  l>e  an 
argument  in  favour  of  litis  w<uk  being  done  at  the  ex|»euse  of  this 
carbohydrate.  Under  certain  circunistauces,  however,  the  glyr/)gen  of 
the  muscles  may  l>e  <mused  to  eutirely  disappear,  although  they  are  still 
capable  of  perform iug  a  large  amnunt  of  work,  wliich  mmit,  imder 
these  circumstances,  be  otherwise  derived,  huwever  probable  it  may 
be  that  under  normal  circumstances  the  oxidation  of  dextrose  or 
glycogen  plays  an  important  ^>art  in  its  proi luetic m. 

In  support  of  the  view  that  muscular  energy  may  be  largely  derived 
from  tlie  uxidatiou  of  carbuhydrate  uiateriaLs,  it  luis  jjeeu  observed  by 
Tiegel*  that  the  Japanese  rickshaw  runners  consume  rice  in  large 
quantities,  antl  at  fre'iuent  int^frvals.  during  their  i>eri«jil8  of  %vork, 
whereas  on  otf-days  they  live  nuiinly  \\\\  a  Ifesh  diet.^ 

Pfltiger"  kept  a  do^'  ^f  30  kilos,  weight  in  e<|uilibriuiii  upon  perfectly  lean 
meat,  containing  a  very  largp  prefx>udcrarice  uf  proU^ids  over  non-prut^ids. 
When  caused  to  piuvs  from  a  condition  of  rest  U\  hard  work,  it  lost  fJe^^^h  if  kept 
on  the  same  diet,  until  it  assumed  a  lower  pisition  of  X-equilihrium,  but  main- 
tained or  even  adde<l  to  its  w«'iglit  if  the  aitiuunt  of  lle.sh  was  in*j:rea£^ed  500 
gnns.  per  diem;  about  50  per  rent,  <if  tbo  p«jtential  energy  of  the  udditional 
proteid  ap[i«aring  as  work.  If  now,  whilst  in  X-equilibrimn  im  lean  fleshy  fat 
and  carbohydrate  were  added  t^*  the  diet,  these  vvf-re  not  utilised  for  the  pro- 
duction of  energy,  but  were  stored  08  fat:  ht^nce^  Pf lager  argues,  the  living 
tissue  prefers  to  use  the  prrtlfid,  and  only  take.s  nonprtiteid  if  iui^ulficient  proteid 
is  offered  to  it  It  sh(juld,  liowever,  be  iKjint<^d  out  that  I'tiugerb  dog  was, 
with  it«  purely  proteid  diet,  in  a  condition  of  extreme  emaciation,®  and  the  cir- 

*  (:omf^L  Tftid,  Acad,  tL  $e,,  ParU,  1SS7.  tom«  rjv.  pji.  \\2.^,  13^2,  and  H09.  Similar 
T^AulU  (<JjSAp|>eapatjce  of  sugar  froto  blrMxi  |»assing  through  active  niuscles)  imve  J  wen 
olitainerl  hs  Morjit  and  I^uTtmrt  [Arch,  thphymnf.  rufrm.  rl  paJh.,  Paris  1^92,  p.  '317),  who 
Aho  found  H  f«rtaiii  <liM]»[--*ar£inrt'  nftrr  the  work,  w  hich  tliej  Kuppose  due  to  glyuogen  storeJ. 

-  With  Coiit«jean,  t'omjif,  rcfuL  Arwi.  ti.  sc,  Pari^,  luiiir^  rxxii.  pp.  421^  ''•'^^^■ 

^  VerkamU,  d,  phi/n^J,  <J*-^fhrh,  zu  B^rhn,  8  Mai,  in  Anh,/.  liujnoL,  Leipzig,  189(1. 

*  O.  Nmiic,  Arth.f.  d.  fjti.  /'A  1/ no/.,  lion n,  \hm,  Bd.  ii.S.  t*7  :  also  \Ki\s^s,  Silzun^f^L  rL  k\ 
Akad.  d.  Wmentch.,  Wi*»n,  1*^7*j,  IM.  Ixiv.  8.  2H)^  \  MijRru^r,  Ardi.  f,  d,  yes,  rhtjinoi.. 
Boon,  ISm,  Bd.  xxxix.  H.  425;  M*m'he.  2^hehr.  j\  BiU.,  Muncben.  1889,  S.  Titl.  xxv. 
Ii54  ;  »iid  ilfid.,  1877,  IVh  xiv,  S,  473. 

^Ihid.,  1883.  Bd.  x%^l.  S.  65*7. 

*  U.  Mcwao  and  Paoletti  (A tit  d.  Ar^nA.  d,  Liticf^^i,  iCoina,  1S93)  and  V,  Harley 
{Proe.  Roff,  Soe.  Lmidfrn^  18t*3,  y.  4^0,  and  Journ.  PhysioL,  Camhridge  and  London,  18©4, 
vol.  X?,  p.  97)  UHing  the  ergogmpli  of  A,  Moa-so,  fouii'l  that  tht?y  could  pprfurm  a  greater 
amount  of  voluntary  muscuiar  work  when  a  hrg^.*  aniount  of  cant-su;;tir  wa.'j  added  to  the 
dii*t.  ExiwrimetjtH  of  this  Tjatnrr*  arc,  however,  liable  t*)  a  {►Mjciii<  al  error,  and,  as  a 
matter  of  fact,  experinocut**  hy  Li4ng«^mcy<?r  (with  Stokvis)  made  upon  different  ]*riotii 
failed  to  give  fiimiUr  results  (see  diseussron  in  Brit.  Med,  Journ.,  I^ondon,  189*'^  vol.  ii. 
pp,  1280-1235). 

'  Arch,/,  d.  gej.  Ph]f$hL,  Bonn,  1S9I,  B<1.  L  .S.  P8,  and  Bd.  li-  S.  317. 

■  It  may  he  not^i  in  thin  ronnectioa  that  the  *'  Baiiling  cure'*  for  nbcMity  depends  ujion 
the  principle  of  !»electiijg  a  diet  not  necessarily  jji^utliiient,  hut  coini»ting  niainly  of  lean 
mest.  A«  in  the  case  of  Pfliiger'a  dog,  tht?  tu^uea  undet  tJiese  eonditiouii  ube  uji  the  btpdy- 
ikt,  which  thufl  becomes  gradually  reduced  in  amount. 
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cumstance  of  the  fat  and  liver  cells  seizing  upon  non-proteid  materials  an<!  storing 
tlitjm  as  fat  and  glycogen  in  an  flninml  in  this  condition,  is  not  surprising, 
and  is  quite  compatible  with  the  view  that  in  a  normally  nourished  animal, 
where  they  are  in  excess,  the  non-proteids  are  the  main  energy  producers. 

The  most  prolmble  view  appeai-s  to  be  that  muBcle»  like  other  ceUs, 
although  it  can  only  actually  build  up  its  bioplasm  out  of  proteid,  is 
nevertlieless  able  tci  produce  muscular  energy  by  oxidation — perhaps 
occurring  outside  the  actual  molecules  of  the  bioplaBni,  but  under  their 
direct  influence — f)f  any  or  all  the  organic  foodstuffs/  and  that  thiB 
process  is  attended  only  hy  snch  small  disintegration  and  loss  of  the 
proteid  material  of  the  bioplasm  as  is  necessarily  attendant  upon  its 
functional  activity — -a  loss  which  is  comparable  to  the  wear  and  te-ar  of 
the  working  parts  of  a  machine  as  distinct  from  its  consumption  of  fuel 

As  a  matter  of  fact,  it  has  been  sliown  hy  Zimtz,-  that  in  a  dog, 
alnindantly  fed  on  a  mixed  diet  Rud  cansed  to  produce  external  work, 
the  amount  of  extra  proteid  used  during  the  period  of  work  was  less 
than  one-twentieth  part  of  the  amount  tlie  oxidation  of  which  would 
have  been  necessary  to  account  for  the  work  done.  Moreover,  in  in- 
anition it  is  the  glycogen  and  fat  of  the  body  wliirh  is  first  drawn  upon, 
and  this  both  at  rest  and  during  work.  When  tlie  same  dog  was  made 
to  work  during  fasting,  the  N-secretion  rose  only  very  slowdy;  the 
work  was  almost  entirely  done  on  the  non-proteirls  of  the  body. 

It  may  be  lemarked  that  muscular  activity  is  always  accompanied 
by  a  production  of  energy  far  in  excess  of  that  which  is  necessary  for 
the  performance  of  Llie  external  work  done.  Thus  it  was  found  by 
Hanriot  and  Riehet^  that  when  work  was  done  there  was  seven  times 
as  mucli  COj  produced  as  wuuhl  liave  been  accounted  for  by  the  oxida- 
tion necessary  to  perform  the  work.  The  additional  energy  apf^ears  of 
course  as  lieat.  On  the  other  haiid,  it  has  been  donbt^  whether  there 
is  any  production  of  heat  in  the  total  absence  of  nuiseular  activity,^ 

Hanriot  and  Kltbet  found  the  CO.^  to  increase  in  greater  prc*portion  tlian 
the  oxygen  absorbed,  bo  that  the  respimtory  quotient  became  larger.  Serere 
muscular  exercise  is  stated  to  increase  both  the  phosphoric  acid^  and  the 
f*ulp]mr  of  the  urine  ;^  the  former  more  in  proportion  than  the  increase  of  N 
which  may  occur ;  the  latter  alxjut  in  proportirm  to  the  increased  N,  and  in 
the  form  of  ordinary  sulphates."  Alonj::;  with  the  increase  of  phosphoric  acid, 
there  is  aKsfi  an  im-reawed  excrt'titjn  of  lime,  indicating,  according  to  I.  Munk, 
fles traction  of  Ixiny  tissue. 

^Ietabolism  of  Cakbohydrate. 

The  formation  of  glycogen.^Tbe  carbohydrates  of  the  food  are 
mainly  converted  by  digestion  into  maltose,  which  jmsses  in  tlie  process 
of  absorption  and  assimilation  into  dextrose,  this  being  the  only  sugar 

J  Cf.  Noi'l  Paton,  Edin.  Med.  Jottm,^  Juno  1895.  Al»o  Mep,  Lab,  Mmf,  Cofl,  Phyn,, 
Edin.,  iHJil,  vol.  iii. 

MVith  Frentzd  and  Loch,  Ardi,  J\  PhpawL,  Leipzig,  1894,  S.  641  {Vtrkaitdl.  4. 
phymoL  QtMli^h.  zu  Berlin).     Sefi  aIbo  Si>pck,  ibtd,,  1895,  S.  465. 

^  '*TravHn\  du  laboraloire  de  Ch.  Ridict/'  1893.  tome  i, 

*  Cf.  on  this  subject  Sjseck,  CentralbL  /.  d.  med.  Wisaenxh.,  Berlin,  1889  ;  also  «rtic1« 
"Animal  Hmt,"  p/ 840. 

*  Khifjand  Ol.'mvsky,  Arrh.f.  d,  grs,  PhtfdoL,  Bonn,  1893,  Bd.  liv.  S.  21. 
'■  Bwk  and  Beiudikt,  ibid.,  S.  27. 

"  I,  Mimk,  rerfmnill.  d,  pkynwL  Gescllsch,  zu  Berlin,  5th  April  1896  (in  ArtJL  / 
Physiol,  y  Leipzig). 
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which  18  unmiHtakalilj  fauiid  in  the  circulating  fluids  and  in  the  tiesuea 
of  the  iKjrIy.  Tiie  puth  uf  altsorption  of  carbohydrates  is  the  eanie  as 
that  uf  jiroteids,^  tlie  abBorbed  dextrose  being  taken  up  by  the  blood, 
D.mveyed  by  t!ie  portal  vein  to  the  liver,  and  there  stored.  The  portal 
bliMid  taken  tluring  digestion  is,  in  fact,  the  only  blood  in  the  body  in 
whicli  it  can  be  conclusively  Bhowu  tlmt  normally  there  is  an  excess 
of  sugfir.  If  taken  iu  the  intervals  of  digestion,  it  contains  the  same 
amount  of  sugar  (one  to  two  parte  per  thoumnd)  as  any  other  sample 
of  blooih 

The  blood  of  the  hepatic  vein,  on  t!ie  other  hand,  although  it  is  said 
to  contain  an  excess  uf  sugar  in  the  intervals  of  absorption  of  foods 
containing  carbuhyihates  (but  vUh  infra,  p.  923),  does  not,  during  the 
actual  process  of  sutdi  absorptiun*  contain  nearly  as  much  sugar  as  the 
bhK)d  of  the  ]>ortal  vein;  vvc  must  thercfuro  assunic  that  the  sugar 
which  is  caiTied  to  the  liver  by  the  portal  vein  is  arrested  in  that 
organ.  As  a  matter  of  fact,  it  is  found  that  the  imuiediate  result  of 
the  digestion  and  abHor[itiun  of  a  meal  containing  much  carbohydrate 
fotKl  is  to  promote  a  considerable  accumulation  of  glycogen  in  the  liver, 
and  the  same  is  found  if  in  a  fasting  animal  solution  <jf  dextruse  is 
slowly  injected  into  a  vein  of  tlie  iiiesentc^ry,^  or  if  dcxtrf».sc  is  injected 
Bubcutaneoosly  (in  rabl»it.s).^  The  same  is  even  fnurul  if  blood  coiiUiin- 
iiig  dextrose  is  perfused  tbrnugh  the  "surviving**  liver  uf  a  dog>  The 
amoimt  of  glyeogcn  in  the  liver  (which  would  contain  in  man  at  most 
150  grms.  of  this  sulistance)^  is  not  suthcient  to  acc(»unt  for  the  storage 
of  the  whole  of  the  carbohydrate  which  is  absoi'loed  from  a  meal  con- 
taining much  sUircb  ur  sugar.  A  ]iart  of  the  absortied  carboliydrate, 
when  it  is  in  excess,  must  therefore  jklks  fhrotfffk  the  liver  into  the 
general  circulation.  Here  it  is  apparently  taken  up  hy  the  muscles,  for 
in  a  well-nourished  animal,  especially  one  nourished  upon  mixe<l  food, 
the  muscles  may  contiiin  as  nuicb  as  1  jjer  cent,  or  even  more  of 
glycogen.  Although  this  is  not  by  any  means  as  large  a  proportion  as 
may  lie  contained  in  tlit*  liver  itself,^  the  nmsclcs  may  collectively  hold 
as  much  as  is  present  in  the  Hvutv  Kven,  however,  if  we  take  into 
cunsiflcration  the  whole  of  the  glycogen  in  the  liver,  that  in  the  muscles, 
and  tliat  in  other  tissues  iji  the  body  in  wliicb  it  might  be  stored,  it  will 
still  be  found  that  tlic  whole  uf  the  carbohydrates  of  a  jueal  which 
cijutains  mucli  uf  these  substances  is  nut  rcpi'(*seuted  in  tlie  body, 
either  by  the  glycogen  of  the  organs  or  by  the  sugar  present  in  tlie 

1  See  this  Text-book,  vnL  i.  pr-  432-43fi. 

*  Bernard,  "  Logons  dii  [kliy-Hioi.  t'Xp^r.,'"  Fans,  1855. 

*G.  Lnsk  (with  Vi*itK  ZUthr, /,  BioL^  Munctieu,  rs92,  S,  288.  The  Hi^^t'stion  or  mh- 
cnUneoim  iDJecrtion  of  hi-vuly^''  will  nho  cause  a  jiruductkui  of  glycogen  ;  grtlaetoat'  uiiii 
lac  lose  do  not  (C,  Voit,  Ztjirhr.  f\  liioL,  MiiialK-'ii,  181*2,  linl.  xxviii.  S.  2\b),  KauHcli  antJ  So!in 
{Arch.  /.  nxpcr.  Palh,  n.  PhantttfkoL,  Lm\J7.\g^  189'6,  Hd,  xxxL  S.  39S)  ohtained  positive 
reiiults  with  lactofteand  galaettwe.  Cf.  also  Uic-jikt,  H/id.,  189<i,  Hd.  xxix.  tS.  484  j  HayLTaft, 
Ztsikr.f.  phtjnoL  CA^rw.,  Straasbur^,  18 IN,  IM,  xix.  8,  141.  Whether  the  IsEvulose  is  tinst 
cou verted  into  dextro.si%  i\m\  this  into  gly«ij<eii,  or  whether  the  glyeo^'*ni  i;*  formed  direetly 
from  IffivultMie,  the  ketone  groU[>  of  laivulose  iiiiist  in  either  ease  beeonie  coniverteii  int«i  an 
aldehyde  group  (NeumeiHtGr,  "  Ijehrhuth;"  AutL  2,  Irt.  3jU).  On  the  siihjtat  ot  the  forma- 
tion ot  glycogen  from  carbohydrateM,  see  fun  her,  E.  Voit,  ZtidiT.  f.  Biol.,  Aliincheti,  1889, 
Bd.  XXV.  S.  551  ;  C.  Voit,  ibid,,  isy2,  Hd.  xxviii. 

*  LuchBinger,  Inaug.  Diss.^  Zurich,  1875. 
'  nunge»  "Lectures/"  i>.  3S3. 

*  Pavy  found  in  rahhitn  and  dogs  fed  with  a  hir^^e  iimount  of  earbohydrate-containing 
food,  tlmt  the  amount  of  glycogen  of  the  liver  njiglil  im-  »in  high  as  17  per  eent.  ( "  Physio- 
logy of  Carbohydrates,"  p.  lltl}- 

''  Bohtti,  Arch.J\  d.  <jrs.  rUtwo/.,  iJonn,  1880,  IM  xxiii.  S.  51. 
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circulating  fluid.  The  amount  which  is  not  accounted  for  may  possibly 
pass  into  the  constitution  of  the  proteids  and  nucleo-proteids,  and  also 
of  those  albuminoids  from  which  a  carbohydrate  material  has  been 
obtained  on  decomposition  with  acids,  and  it  may  be  that  the  excess  is 
in  this  way  stored  until  required.  In  the  embryo,  glycogen  ia  mneh 
more  widely  distributed  and  occurs  in  much  larger  proportion  than 
after  birth,  especially  in  the  developing  muscles;  at  this  time  the  liver 
may  contain  very  little.  It  occurs  also  in  considerable  amount  in  the 
placenta. 

The  glycogen,  both  of  the  liver  and  of  the  muscles,  gradually  dis- 
appears in  starvation,  and  hrst  fiom  the  liver.^  The  disappiearance  is 
accelerated  by  muscular  work^-  and  in  wai'm-bIoo<:led  animals  by  external 
cold;^  it  is  probable,  therefore,  that  the  glycogen  is  used  for  the  pro- 
duction of  Ijoth  work  and  lieat.  The  rate  at  which  it  disappears  in 
starvation  varies  grently  in  difterent  animals.  Aldehofr  found  it  in  lai^ge 
quantity  in  the  muscles  of  a  hoi*so  wliich  liad  fasted  for  nine  days; 
in  dogs  it  may  be  found  after  three  weeks,  and  has  been  detected 
after  thirty-five  days'  fasting;*  in  rabbits  it  has  disapi^eared  usually 
within  a  week.  In  fnjga  it  accunuilates  in  tlie  liver  towards  the 
end  of  the  summer,  and  gradually  disappears  during  the  winter; 
but  even  if  they  Uike  no  food,  there  is  still  some  present  at  the  end 
of  tlie  winter,  but  mon*  in  the  muscles  than  in  the  liver.  The  sjime 
is  the  case  with  liibernating  animals  (Voit).  On  the  other  hand,  if 
carlH>hydrates  are  given  to  animals  deprived  of  their  glycogen  by 
starvation,  tliis  siil stance  very  rapidly  reappears  in  the  muscles  and 
liver.^ 

Tlie  diiiiinution  of  the  glycogen  f*f  tliP  muscles,  concomitantly  with  their 
activity,  litts  been  idready  refLurrd  to  in  eoiiiiet'tion  with  muscular  metabolism 
(p.  915),  lu  the  ]>Eissage  of  cxei.sed  uiiLscle.s  into  thn  conilitiou  tif  rigur  mortis 
there  i«  a  cortiun  amomit  f>f  disapiieivrimce,  unionnting,  ueconling  to  Werther,^ 
to  as  much  as  50  per  r-eiit.  of  the  iTiginal  amount,  but  far  less  than  as  the 
result  of  tetan idling  tlie  nmncies.  In  either  c^se,  what  becoraes  of  it  is  not 
clear;  the  Karcoltu-tic  atnd  which  makes  its  appeiirance  is  uot  derived  from  it; 
the  formatinn  of  the  acid  is  not  de|jendent  upon  the  iiresence  or  absence  of 
glycogen.  If  rigor  is  allowed  to  come  on  in  the  cold,  the  acid  still  appears,  but 
there  is  no  apjJveriaKde  ifi^^appearance  of  glyco^'en/  On  catting  tlje  nerve  pro- 
ceeding^ tn  a  muscle,  the  giycogeu  becomes  increased  in  qmmtity.^  The  Increase 
pmceeils  iifi  ti>  tln^  ftiurth  Jay,  Section  of  the  tendon  of  a  muscle  has  a 
siniilijr  effect.^ 

Acf'tirding  to  the  oliservatious  of  Kiilz,  glycogen  begins  to  apjjear  in  the  liver 

1  APit'lioir.  Ztschr.  f.  Bid.,  MUnuhen,  1889,  Bd.  xxv.  8.  137  ;  Hergenhnho,  ihidL,  Ig^O, 
Bd.  xxvi.  S.  22:.. 

*  Mancht\  Zfst-hr.  f,  liioi,,  Munthen,  1889,  Bd.  xxv.  S.  163.  Tlie  glycogen  ormtmte 
disappear;;!  after  a  inH^jiJ  of  tt-tanuH,  nnd  alfto  iti  tro^s  poiaoTn?d  hy  stryehuiAT  but  not  in 
tilt?  niuackj*  ul  ?l  \i'*r  the  Hcmtic  Durve  of  which  lias  previously  lieeu  out. 

^  Kill?,  Arch./,  d.  g*-*.  HiysivL,  Bonn,  1881,  Bd.  xxiv.  S.  46,     In  cold-blooded  animaU 
externftl  trftrmth  proiluccH  the  di»ii|i[»earauce  of  glycogen  from  the  liver  (LAUgley). 
''  Qtiiu4|Uiviid,  CmnpL  rend,  Soc,  dc  hioi,,  Paris,  1886,  j»,  285, 

*  For  referent  I'M,  set;  Buu^e,  "*  Lectures/'  pp.  38ii-385,  See  al»o  Langley»  Prt^,  JSdy. 
A'oc,  Lomimi^  18S2.  vijL  xxxiv.  p.  22  (histoloj^fal  ob«ervatioD«) ;  yuiimuaiid,*  Com/d.  rtnd. 
Soe.  dt  hioL,  Paris,  1K8S*,  p.  285  ;  ppxveyre,  ibid.,  1892,  No.  19, 

«  Jr^A.  /;  d.  f/r,y,  Fhu^ioL,  Bouu.  1890,  Bd.  xlvi.  S.  63. 
7  Bnhru;  ibid,,  1S80,  Bd.  xxiii,  S.  U, 

"  Btrnard.  CmttpL  f>mL  Ac^td.  d,  sc.,  Poris,  1859,  tome  xlviii,  p.  6S3. 
»  Boldt,  Diss.,  Wiirzburg,  1893;  Vay,  Arch,/,  e^rpa\  Paih.  u,  Fhnrmakol,,  Leiindif, 
1S9I,  Bd,  xxxiv.  S.  45. 
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of  starved  rabbi  fc«  two  to  four  liuiirs  after  a  111  en  1  containing  carboh  yd  rates,  and 
disappears  after  five  t<t  eight  hours^  hard  niuBcular  work  (dog).  It  i«  formed 
in  the  myBcJes  of  a  frog  which  hag  ^»eeii  deprived  of  its  liver  ;^  and  muy  be 
increased  in  muscular  tissue  by  perfusing  blood,  to  wldt:h  grape-8ugar  has  been 
adiled^  tlirough  the  vessels  of  the  muscle.^ 

Th©  formation  of  glycogen  froTXi  other  than  carbohydrate  material. 
— ^That  glycogen  can  l>e  formed  in  the  entire  absence  of  earbohydrate 
material  from  the  UmA,  is  shown  by  the  fact  that  animals  which  have 
l>een  for  a  long  time  fe^l  on  lean  meat,  deprived  qb  much  as  possible  of 
eari^)ohydrate,  are  found  to  have  even  cons  id  era  1)1  e  aitiounts  of  glycogen 
in  their  liver  an<l  iimseles.  Indeed,  if  an  animal  be  allowed  to  fast 
for  Bome  day.s,  ami  to  perform  also  severe  muscular  work, — eircum- 
stances  under  which  practie4illy  tlie  who]*?  of  the  glycogen  can  be  made 
U^  disappear  lioth  fnun  the  liver  and  muscles, — on  now  aihninistering 
proteicP  or  gelatin*  food,  altogether  free  from  carbohydrates,  glycogen 
will  reappear  b<ilh  in  the  liver  and  in  the  muscles.  Even  without  the 
admiinstration  iif  food,  by  tfie  eniphivment  of  Tiarcotic  drttgs,  such  as 
chloml,  which  tend  to  dinnuisli  01*  arrest  muscular  activity,  glycogen 
will  reap[>ear;^  in  tins  case  it  must  be  bumed  from  the  proteitls  of  the 
body.  The  ad tnirnst ration  of  fat  without  proteid  does  not  cause  such 
reappearance,  nor  (loes  the  addition  of  fat  to  the  food,  even  in  consider- 
able excess,  increase  the  amomrt  of  glycogen  in  the  liver,®  Arsenic 
poisoning  causes  a  (linunuti<)M  in  the  glycogen  Itotb  of  the  liver  and  of 
the  mnscleB;  ]irubably  by  impairing  the  vitality  f»f  their  Inoplasni.  On  the 
other  hand,  the  adniinistratinn  of  glycerin  ]»rnniotcs  the  storage  of  gly- 
cogen in  the  liver  ;^  it  acts,  however,  apparently  rather  by  preventing  the 
removal  of  the  glycogen,  than  liy  beconung  itself  converted  into  that 
eubstance,  or  than  hy  its  becoming  itself  oxidized  and  tlius  acting  as  a 
glycogen  sparer  (Hansom).  Thus  it  is  f^und  tliat  with  glycerin  adniinis- 
tration  the  sugar  puncture  is  not  al>le  to  produce  glycosuria. 

The  a<hiuniBtration  of  anunoMium  cirbonab^  wan  jilt^o  fi>uiid  by  Rblnnann^ 
to  promoU'  the  accumulation  of  glycogen  in  the  liver,  and  this  property  is 
shareil  by  many  ainniunium  oimi^unds,^  but  how  tliey  may  act  has  not  a«  yet 

*  KiXli,  Arch.  /.  d,  (jes,  Phtmoi.,  Bonn,  ISSl,  HI.  xxiv.  8.  U,  Tliin  Volume  conUuiB 
sevi^al  othcT  i>rtpers  l>y  Killv.  on  the  *oiMUti(>n»  of  foiniaHfm  «!' glycogen. 

■  Kulx,  Zt^^hr.  /.' liioi.,  Miiiichcn,  1S91,  Bd.  xxvii.  S.  '£^7  :  thcro  was,  howcvtsr, 
only  an  ittcrtrase  in  tlimi'  mit  of  elevrii  rxjurimi  atwi. 

'  Xauayn,  Arch.  /.  tv/w'r.  I'nfh.  n,  PhtiruiaJiitL,  Leipzig,  ]»7.'i,  Bd,  iii.  8.  94  ;  v. 
Mering,  Arch./,  d.  fjes.  Phijtthti,,  lionn,  187*1,  Bd.  xiv.  S,  251;  K\i\7.^  Fu^^fziyj,  Bod.- 
Jiibdf,  d.  .  ,  ,  Carl  Ltuiiti^j,  ilnrlmrg,  1890. 

*SaloRiOii,  Vir^how'4  ArcJiiv,  1.S74,  Brl.  Ixi.  S.  3i>*2  ;  Ln*'li. 'dinger,  Inaug.  Disa.,  Zurioh, 
1875  ;  V.  Al<?ria^,  /or,  tiL 

*  Znntz  u.  ViigeliiiH  {Arrfi,  j\  Phij^id.^  Leijizig,  ISiJIi,  8,  378,  I'erhainiL  d,  phijnoL 
Gcseihch.  tu  Berhn)  nlttiUml  a  rt'a|»|Kja ranee  of  glycogen  on  atlminiMti^iiug  L'hloral  to 
starye^l  aiKi  «tiydniijjud  r^il^bit-^. 

*Chaaveati  has  conic  to  tin' L-oriehiaion  that  carHohyilra to  may  be  formed  from  fat  io 
the  animal  body  {Comftt,  rrwL  Acad,  tl,  sc,  Parin,  16S7,  tome  exxii.  p.  1098),  and  Seegen, 
"'  Uk  Ziiekerhildaijg,"  also  hohln  this  view,  but  the  uviiienw  in  ita  favour  appears  to  be  very 
iuttiilTiiient. 

'  Weiss,  SUzumjsh.  d,  k,  Ahtd.  d.  ffmrmrh,,  W'um.  1H73,  bd.  Ixvii.  S.  13;  Eckhard, 
loe.  dt.  ;  Luchaingcr,  hiaii^.  Dis,H.,  Znrich,  1875  ;  W.  limisoin,  Jovm.  PhijawLy  CainbruljifO 
And  London,  1887,  vol.  viii.  p.  W  ;  SL-Junek,  Arch,  f,  d,  tjcs.  I'hi/Aiol.,  Boim,  189-1,  Bd» 
Ivii,  S.  569. 

^  Arch.  f.  d.  tjcA.  Phjm^'L,  Uonn,  I88t>.  Bd.  xxxix.  S.  21.  Cf.  also  Kidz  {FmifziQJ, 
iJod.JuU'lf.  c/.  .  .  .  i'rtri  Lttdtrifj,  MurhtJr^i,  1b90),  whu  fomnl  that  urea  as  wtsll  aa 
ammonia  salts  incrcAM^d  the  glyi'o^en  of  the  livyr* 

»Nebfilthau,  Zi^thr,  J\  Phi.,  Miinohen,  UU2,  IJd.  xxviii.  S,  138. 
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l>eefi  determined.  Bicarbonate  of  soda  is  stated  by  Dufoiirt  to  have  the  effect 
of  increuKing  the  amount  of  glycogen  in  the  liver.  Dnfuurt's  experimenU 
were  mswle  upon  dogs  on  a  flesh  iliet  after  «  period  of  ftiBtingJ 

Glycogen  becomes  fcnitied  in  tlie  euil>ryo  chick  in  considerable 
amount,  although  there  is  very  little  glycogen  or  carboJiythate  at  all 
in  the  egg.  Here  also  it  mnst  in  all  probability  lie  fonued  from  proteid. 
Glycogen  can  only  be  supposed  to  be  produitcd  from  jiroteidH  in  the 
animal  body  l»y  a  process  of  synthesis,  preceded  by  a  breaking  down  of 
the  proteid  molecule,^  It  is  higldy  probaide  that  dextrose  is  a  stage  in 
the  course  of  such  syntheHis;  and  since  dextrose  is  constantly  found  in 
the  blood,  even  in  prolonged  inanition,  it  may  well  be  inquireil  whether 
the  carbohydrate  of  the  body  is  invariably  converted  into  glycogen, 
prior  to  being  employed  by  the  tissues  for  the  production  of  energy. 
Under  cerUin  circumstances  it  appears  clear  that  the  synthesis  of 
carboliydrate  never  passes  beyond  the  stage  of  dextrose.  Thus,  in  the 
diabetes  i»roduced  by^  successive  doses  of  phloridzin  there  may  l>e  no 
glycogen  whatever  in  the  liver  and  nuiscles,  and  yet  within  the  jiroteid- 
fed  and  in  the  fasting  aiumal  large  quantities  of  dextrose  are  formed 
and  eliminated  with  the  urine, 

Phloridzin  is  a  glucoside  obtained  from  the  root-bark  of  certain 
trees  (apple  and  clierry),  but  it  does  not  act  liy  virtue  of  its  glucckse 
gixjujj,  for  the  same  action  is  got  by  tlie  employment  of  the  non-glueoside 
phloretin  which  is  obtained  from  phloridzin.  If  injected  under  the 
akin,  or  taken  into  the  alimentary  canal,  either  jihloridzin  or  phkiretin 
produces  within  a  very  short  time  the  ap^jearance  of  sugar  in  the  mine, 
and  this  appearance  of  sugar  in  the  urine  is  accomikanied  by  a  diminution 
of  the  liver  glycogen.^  The  glycogen  in  the  liver  does  not,  however, 
completely  disa])pear  as  tlie  result  of  a  single  dose  of  phloridzin  ;  both  in 
that  organ  and  in  the  muscles  a  certain  amount  remains,  but  if  a  second 
duwse  of  phloridzin  is  given,  glycosuria  is  again  produced,  and  by  repeating 
the  administration  once  or  twice  the  glycogen  can  be  comjdetely  removed 
from  the  liver.  Each  successive  dose  of  pliloridzin  will,  however,  cause 
a  fresh  ajipeanince  of  sugar  in  the  urine  even  after  complete  removal  of 
glycogen  from  tlie  liver,  which  sliows  that,  altliough  part  of  the  sugar 
wliicb  has  appeared  in  cnnserpience  of  the  action  of  phloridzin  may  have 
been  produced  from  the  glycogen  in  the  liver,  a  part  must  be  produced 
in  some  other  way.  As  by  the  employment  of  successive  doses  of  this 
drug  all  the  a]Ppreciable  glycogen  in  tlie  body  can  be  got  rid  of,*  it  ig 
almost  certain  that  the  sugar  which  then  ap]iear8  is  derived  from  the 
metabolism  of  pndcid ;  and  this  is  rendered  the  nciore  likely  since  it  is 

^  Arrh.  dr  mM.  expt^n  cf  d'niuU,  p*Uh.,  Paris,  1890,  tome  ii*  p*  124, 
»  Cf.  P^Uger,  Arch.f.  *L  r^,  litif^hL,  Bonn,  1888,  Bd.  xVn.  S.  144. 

*  V.  Mering,  PWham/L  d.  Coug.  Y.  innereMfd.,  Wi<»^sbiwien,  1887,  S,  849  ;  Ztachr,/,  Jdm. 
Med,,  Berlin/ 1SS8,  B.i.  xiv,  H.  405;  1889,  \U\.  \vl  S.  431.  See  ftl»o  on  phforyzin 
diabotes,  Cremer  Eini  Ritttr,  ZtscJir.  J\  Biol.,  MiiiiL'ht*(j,  18&2,  Bd.  xvrii.  S.  45^,  and  B«i, 
xix.  H.  2S6  ;  and  Pnjusanitz,  IbkL  8.  "itiH. 

*  Kill?,  and  Wright  {Zttchr./.  BfoL,  MiindwJi,  1S91,  BcL  xxviL)  have  shown  that  the 
glycogin  is  not  so  reailily  got  rid  of  as  v.  M>^riug  snpi^K^Bed,  and  that  as  a  mfttt«r  of  fact 
there  ni^y  still  have  Jtcen  Honie  glycogi?ti  left  in  tlie  animal  a  employed  by  v.  Merinj?.  Thaa^ 
authored  Htato  that  jihloridzin  aons  not  produce  ^rlycosuria  in  frogs.  It  did,  howeTcr, 
prodm'e  glyoosnria  in  hiids!  (v.  Mering,  VcrhandLd.  Cmg.  f.  iunerf  Mtd.^  Wiesbaden,  18S7K 
in  which  iHiUPreatit^  extirpation  faiknl  to  cansu  glycosuria  ;  it  also  increa-ses  the  amount  of 
sngar  in  the  urine  of  animals  snlft-ring  from  i^ant-re^itiir  diahete*  (Minkowski,  Arch,  f,  t::tptr. 
Path,  u,  Phannakfjl.,  h<'ipzig,  189:^,  Bd.  xxxi.  S.  1^8);  and,  fnrther,  Cremer  Itaa  obtained 
phloridzin  dialwtes  in  frogs  hy  takinjj  special  nieasinrea  to  ensure  the  action  uf  lh«  drag 
{Zlschr,/.  BwL,  Munchen,  1892^3,  Bd.  xxix.  S.  175). 
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noticed  that  the  amount  of  aitro|^eu  in  the  urine  goes  hand  in  hand  with 
the  amount  of  sugar  excreted.*  Further,  it  i.s  found  that  if  the  glyrojien 
in  t!ie  bcwly  he  reduced  as  nuieh  as  jMkssilde  hy  a  ]jrolonged  period  of 
starvation,  followed  by  exeesaive  muscular  action,  sneli  aa  is  caused  by  a 
dose  of  stryehnine,  the  adriiinifitration  of  phhiridxin  will  atill  cause 
glycosuria :  luueh  more  sugar  aj>pearing  under  these  circunistaneea  in 
the  urine  than  can  be  accounted  for  hy  mix  glycogen  whicli  might  rcnuiiii 
either  in  the  liver  or  any  other  tisaucH  of  the  body.  It  seems,  tljerefore» 
clear  that  the  sugar  must  have  l>een  derived  from  jiroteid ;  in  this  case 
the  proteids  of  the  body  it.self.  It  may  further  he  meiitioiie<l  that  Pick  - 
has  found  that  if  the  liver  he  reuderetl  functiouless  by  injecting  dilute 
sulphuric  acid  int<j  the  bile  ducts,  its  glycogen  disaiqicars  in  twelve 
houi'S,  but  phloridzin  Htill  proihices  glyeoHuria,  although  utlier  agents 
which  usually  cause  glycosuria,  such  an  carbon  monoxide,  fail  to  produce 
this  eifect.  As  with  the  glycosuria  ]>rutiu red  liy  phloridzin,  so  also  with 
severe  cases  of  natural  diabetes  in  man,  there  aj^iiears  to  be  no  doubt 
that  a  direct  formation  of  sugar  from  protcid  may  occur  without  any 
formation  of  glycogen.  It  may  be  BuppoBed  with  soiue  probalulity  that 
fiuch  a  direct  formation  of  sugar  (mainly  by  the  liver,  for  phloridzin 
diabetes  is  prothiceil  in  the  absence  of  the  liver).^  but  also  by  nthcr  organs;* 
and  its  passage  into  the  \Aou\\  imiy  occur  t<j  smuc  extent  utirnudly;  tliat 
in  fact  a  part  of  the  carbiibydrate  produced  fnuu  proteid  may  be  at 
onc«  I>assed  into  tlie  bbnid  in  the  form  of  dextntse,  and  a  part  furtlier 
synthetised  into  glyc^jgen  and  stored  as  sucli  *  We  might  then  explain 
phloridzin  diabetes,  and  ])ossibly  certain  severe  cases  of  natural  diabetes, 
hy  sujiposing  that  the  furtiier  synthesis  into  glycogen  is  in  some  way 
interfered  witli,  so  that  an  excess  of  the  carbohydrate  formed  is  passed 
inU>  the  blood  in  tlic  form  of  sugar. 

It  must,  liowever,  bo  .stated  tluit  the  pixulurtirin  nf  tlio  spvcrest  forms 
of  diabetes  above  menticfned,  juid  also  that  [froduoed  l*y  reuiovid  of  the 
jMincreas  (see  ]i,  D27)  and  by  the  su^ar-iiuiu'titrc  (soe  p,  1*20),  is  ntill  exi't'ed- 
ingly  uhsiure.  According  t<>  v,  Mcrin^'  and  nuist  otlier  observers,  thrre 
is  a  fundarnimtal  dinV'rencc  hetweeti  the  diabetes  caui^ed  by  phhirithin 
and  that  produced  hy  pancreatic  reiuoval  or  sugar-] am cturc,  in  that  in 
the  former  there  ia  uu  excef^s  of  sugar  in  the  blood, — -in  fact  the  nmount 
niay    be    less    than  normal,** — whereas  in  the  two  lastrmcntiooed  forma  the 

'  V.  Meriog,  he.  ciL^  found  thu  pmportion  ufnrca  to  mgar  in  nldoHd/in  diahetea -1  :  2, 
in  cjweH  of  imtiiral  dittbet«?3=  1  ;  1.  Set-  uh**  MtiriU  aiul  PrauH!*iiit?.,  Ztschr.  /  Bioi.^ 
MUQcheij,  1891,  Bd,  xxvii*  S.  81  ;  Praus^snitz,  itjc,  fit.;  rrciiitjr  aud  Rittor,  ZfjifMr./.  IHol., 
Manclien,  1893,  IVh  x.xix.  S.  2r.ii.  x.  Mt'iiii^  aii<l  Miiiknuski  {Jrrh.  J\  r.t}>€r.  Pttth.  1/. 
Phanmtkoi.^  Leipzi;tc,  1889,  Bd.  xxvi.)  round  the  eroporliuii  of  wugur  to  iiitiogt-ri  =U:  1  in 
tianeredtic:  diabeteii. 

*  Arch./,  exjKf,  PiUh.  u.  PhynnakoL,  Leir'?ig,  18J>4,  Bd.  xxxiii.  a  305, 

*  Thitd,  ArdK  f.  rrpfr.   Futh.  u,  PhnrnuihjLy  \A\m^,  1887,  Btl.  xxiii. 

^  Comevin  {Comjjt.  r^mi,  AauL  d,  jsc,  Paris,  IKS'Tj,  Imxw  txvi*  p»  *l^'6)  lias  sljown  tlmt 
phloridzin  i'auwe.s  a  niarkcd  iiitrea^ie  in  the  aitioiiat  of  Migar  eliniiimtiHl  iti  tlie  milk, 

*  8t'€gen  (itates  that  he  obtjiincd  a  foiiimtioii  of  isusjjai  (in  i^xeeiw  of'  that  prtnJaced  by 
tmnsfurniatiori  of  any  glyoogen  presfiiitiiii  a  luixLiin'  n|  c}ioi>|»ed  liver  and  artsnal  Mood,  to 
wliich  j»eptflne  liad  \mi\i  added,  cind  mrn  uitti  the  addition  ^tf  (at  in  pliLt;*^  of  peptone, 
lint  his  reaultd  have  not  biTij  ionlirnied  by  other  workers.  Cf.  Btihni  u.  H(»tfmann, 
ArcA.  /.  d,  fjoi.  PkimoL,  Bonn,  18H0,  lid.  xxiii.  ;  t;iianl,  ihid,,  [kl  xvi.  8.  2y4  ; 
Xeumeistcr,  ZUckr. /.  i?iW.,Mnnelieti,  1890,  S.  -346.  Tho  iKinnibility  of  tliu  fonuatirjTi  of 
L'ttrbohydnit«  from  fat  in  aninjals,  althongh  not  exiKTi mentally  prov^id^  mnst  not  bo 
i^ored.  For  there  in  elear  evidente  tliat  sm-li  a  transtormation  may  ownr  in  ^fiminnting 
needs  of  planta  (Siiehsp  '*Text-iJcK)k  of  Kotany,''  transl.  by  Benm  tt  and  Thiiwlton  Dyer^ 
1875|  p.  6S8'l',  and  if  jilant  lKiopla.Hni  is  ca[taLle  of  eM'octin^  the  transformation,,  animal 
btoplnsm  might  alno  W  expected  to  have  a  siiinilar  power. 

*  No  diminutioii  bnt  an  increase  in  the  amount  oi  blood-sugar  was  found  by  Pavy  to 
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percentage  of  sugar  in  the  blood  is  greatly  increased.  This  seems  to  point  to 
the  fact  that  phloridzin,  besides  any  iiction  it  may  have  upon  the  metabolism 
of  carbohydrate  in  the  li\*er  and  ninscles,  iiiere^ises  the  permeability  of  the 
kidney  tubules  to  sugar^  or  €4iuses  the  epithelium  of  the  tubules  to  he  more 
auficeptible  t^  the  presence  of  sugar  in  the  blood,  so  that  the  kidney  removes 
BUgar  from  that  Huid  more  rapidly  than  under  normal  eircumstance^,  and  thiw 
the  pen^entii^e  ia  even  diuiini^hed  below  normal^  On  the  other  hand,  the 
diminution  in  the  percentage  caused  by  such  removah  even  if  it  were  in- 
appreciable to  chemieal  methods  of  analynin,  might  be  iiu2>pos€d  to  excite  the 
sugar-producing  tissues  to  increased  activity,  thus  adding  constantly  more  sugar 
to  the  bloodj  to  be  again  removed  by  the  kidneys,  and  so  on  in  a  vicious  circle. 
On  the  other  hand,  Levene-  has  given  reasons  for  belienng  that  the 
sugar  in  pldondzin  diabetes  may  be  produced  in  tlie  kidneys,  a  view  which 
was  previously  expressed  by  Uschinsky  (fpioted  by  Levene).  Thuii,  after 
trying  the  renal  blood  vessels  and  then  injecting  phloridzin,  there  wa^  no 
accuniulati<J!i  of  sugar  in  the  blooil ;  indeetl,  the  percentage  of  sugar  in  that 
fluid  was,  if  anything,  diminished.  Minkowski  ^  had  previously  failed  to  find 
an  increase  above  the  normal  after  ablation  of  the  kitlneys  and  injection  of 
phloridzin^  and  Scbabiid  ^  obUiined  analogous  results  after  tying  the  ureterB. 
Levene  also  tinds  that  the  amount  of  su^^ar  in  llie  kidneys  is  increased  as  the 
result  of  giving  ]ihloridzin,  aiid  that  umler  the  same  eircurastfmcea  there  i» 
rather  more  sugar  in  the  blood  of  the  renal  vein  tlian  in  that  of  the  corre* 
eponding  artery.  He  admits,  however,  the  probability  that  it  is  formed  in 
other  organs  as  well  as  in  the  kidney,  Minkowski  ^  has  put  forward  tlie 
suggestion  that  phlnriiliiin  becomes  s|ilit  up  in  the  kidney  into  phloretin  and 
sugar  ;  the  latter  becoiidng  eliminated,  and  the  former  combining  again  with 
sugar  in  the  organism,  and  then  again  yielding  this  to  the  kidney,  and  so  oil 

Glycogenesia  —  Theory  of  Bemanl — As  regards  the  fate  of 
the  carbohydrates  of  the  food,  there  is  no  doubt  that,  whether  they 
inevitably  go  throu^di  tlie  stage  of  glycugen  or  not,  tliey  ultimately 
undergo  oxidation  into  t^arbon  dioxide,  and  rennwal  in  the  form  of  this 
substance  and  water.  The  carbohydrate  of  the  food  directly  increases 
the  amount  of  carbon  dioxide  given  olT,  and  in  proportion  totiie  amount 
of  such  food  taken.  This  eliniiiuition  of  c^irbon  dioxide  is  not  inunediate. 
for  niost  of  tlie  carbohydrate  taken  in  is  in  the  first  instance  Rtored, 
and  only  becomes  oxitliacd  gradually,  aa  the  needs  of  the  organism 
demand.  The  view  which  him  been  most  commonly  held  with  regard  to 
the  method  of  tranfiforniation  of  the  stored  carbohydrate  into  tlie 
products  of  its  oxidation,  originated  with  Bernard,  Having  funntl  that 
tlie  Idood  of  the  hepatic  vein  constantly  craitains  more  sugar  than 
tlie  bltiod  of  the  portal  vein,  except  during  the  almorption  of  food, 
he  concluded  that  the  glycogen  which  he  had  discovered  in  the 
liver,®  and  which  is  no  dnubt  the  chief  store  of  carbohydrate  material  in 

ocunr  in  cats  to  whicli  phloridzin  hiul  been  adniinUtered  ( '*  Prw.  PhyMiol.  Soe.,**  Nor.  14» 
ISiJtt,  Journ..  PhjsioL^  Cunilnidge  and  London,  vol.  j.%.\  and  he  'tUtfreforu  denia  that 
diniitji-HlicHl  g]yt,*it'nua  ih  a  leanuv  ofthiy  form  i>f  ilidWtej. 

^  V.  Moriiig,  hic,  cit. ;  Minkawski,  **  IJutcUHiich,  a.  d»  Diabetes  tm^lUtu*?/"  licipjdg,  1S93 ; 
Znntz,  Arch,/,  FhunoL,  U-ipxig.  1895,  S.  570. 

-  Joum.  PhifswL,  Cam  bridge  an  J  London,  1394-95,  vol  xviL  p.  25*1. 

*  Lac.  cit. 

*  Frocks,  SL  Pt?tertfburf(,  1892,  No.  49,  quoted  from  Minkowski. 

*  Op.  Cit,  [K  152. 

*Thc  fai't  that  sugar  is  fornifKi  in  the  liver  was  discorered  hy  Bernard  id  iSlS 
{C^ompt.  rend,  Arad.  (L  ,v.,  Paris,  IMS,  tume  xxvii.  pp.  249,  253,  514  ;  '*Nouvelle  foDctioii 
du  foie,  ftc,"  Paris,  1853),  hut  the  nnhstance  (gljragen),  from  which  it  is  jirodnoed  was 
not  found  until  1857  (by  Bernard,  and  also  independ cully  hy  Hensen).  For  a  full  list  of 
Bernard's  writings  on  tfiis  subject,  sec  **  L*ceuvre  de  Claude  Bt?nwrd,"  P&ria,  1881. 
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the  body,  gives  oH'  such  material  into  the  blootl  in  the  form  of  dextrosei 
This  dextrose  i«  taken  to  the  tissues  and  is  iiseti  by  them,  !»ec<>nuiig 
oxidised  within  them.  Whether  this  oxidation  occurs  outside  tlie  actual 
bioplasm,  or  whether  the  dextmse  whicli  is  taken  to  the  bioplasm 
becomes  tii^t  of  all  built  up  into  its  molecules  and  then  split  up 
and  oxidised,  and  whether  the  products  of  its  oxidation  leave  the 
muscles  in  their  ultimate  forms,  are  questions  which  we  need  not 
now  consider.  In  either  case  tlie  effect  of  such  oxidation  is  to  produce 
energy  (in  the  form  of  heat  and  meehanical  work). 

Tliin  view  of  Bernard'ji  ha.s,  on  the  wlio!e,  luet  with  general  favour  amoiig 
phyi*iologists.  Some  there  are,  indeed,  who  have  so  far  proreeded  beyond 
Bernard,  as  to  assert  that  the  frhoU  *>nrrfjif  lyf  the  hi**hj  \^  deriveil  fn>m  the 
oxidation  of  carlxjhydrate.  Such  carbcihydrate,  wlik-h  is  taken  to  the  tissues 
in  the  blood  in  tjie  furm  of  glucoBe,  is  a.ssiimed  to  be  formed  either  imm.  the 
stored  carbohydrate  of  the  liver,  as  Bernard  siippoj^ed,  or  independently  of  this 
from  proteid,  or  even  from  fatty  materials  in  the  liver  rellsi,  and  bein^^  carried 
to  the  tit*sues  to  be  t^iken  up  by  them,  oxiiHsi'd  withiji  thetu,  and  thns  Wconie 
the  immediate  source  of  the  energy  of  the  h<idy,  whether  this  takes  the 
form  uf  heat  or  wurk.  It  is  in  fact  asijiimt'd  tliat  the  main  result  of 
metabolism  within  rhe  bidy  i^s  the  production  in  one  part,  and  the  destruction 
ID  another,  of  carWhydrate.  8uch  a  view  lias  been  ehietly  tonic udetl  for  by 
Seegen  ^  and  Cliiiuvcau,  who  hold  that  even  the  proteid  material  uf  the  food, 
at  least  its  non-nitrogenous  part,  muKt  ultimately  lj4^rniiie  convened  into 
carbohydrate  before  it  ciiii  become  oxitlit^ed  in  the  ti^ssucs  (see  \k  DH). 

It  is  obvious  that  Bernard's  theory  it*,  in  the  inain^  depeiiilent  upon  the 
circumstance  that  sufjar  is  continually  being  pai^.^ed  from  the  liver  into  the 
hepatic  bloodj  even  during  Btarvatifin,  ami  this,  in  fact,  has  Ijeen  directly 
afhrmed  by  Dernard  and  others.  Even  in  the  fasting  animal^  s^ugar  la  found  in 
the  blood,  except  at  the  extreme  end  uf  an  inanition  ]H?riod  ;  and,  according  to 
the  analy!?e«*  nf  Seegen,  it  always  oecurB  in  larger  amount  in  tlie  hepatie  binud, 
whatever  Ik*  the  nature  td  the  food,  whether  proleid,  fat,  or  carhihydrate, 
than  in  bk»od  from  any  other  soiin-e.  This  occurrence  ^^i  <lexlr(>M'  in 
larger  profwrtion  in  the  hepatic  Idocwl  than  in  the  rest  of  the  bloud  of  the 
body,  if  it  were  com[iletely  and  satisfactorily  determined,  would  he  a  fact  of 
fyndamenlal  importance,  and  w<iuld  go  M^Ty  far  to  estiiblish  liernardV  theory 
upon  a  firm  btisis.  Hut  there  are  reaisons  for  Ixdieving  that  such  an  execiis  of 
sugar  as  has  been  found  by  Seegen  and  uLher  nbs<-rvers  b  not  present 
under  absolutely  normal  c«»nditions,  Seegen 's  experiments  w^ere  made  without 
ancefitbetics,  and  it  is  a  wellestablitihed  fact  that  any  operation  upon  an 
animal|  which  involves  tin*  pr<nluction  of  pain,  will  immediately  jinahice 
a  transformation  of  the  glyccfgen  of  the  liver  into  sugar,  and  the  !i]>peanuice  of 
an  excess  of  sugar  in  the  liepalie  bluud/-     It  is,  in  fact,  admitted  by  Seegen 

'**Die  Znckerbitdon^  iiii  TliifrkoriM-i,"  Ikriiii,  1890,  H.  218.  and  mumTouH  [lAfiers  in 
the  Arth^  f,  d,  ijfn.  PhysioL,  ISoniJ,  una  in  tlie  ('uitrttfijl./.  /Vh/,<iW. ,  Leipzig  u.  Wk-ii. 

^Seegen  e^lcuUtea  tliat  in  iiuiu  from  TjUO  to  lOOU  ^nns,  ut  dixtrosc  may  ji^iss  into 
the  Mixid  IVoni  tlie  livfr  in  twcntyfonr  honrs.  Hnl  situi*  Ihh  calrnlatiunH  me  IhiskI  upon 
eipcrinientj*  made  ti]>on  iiniiiLul'v  in  an  iilmoimal  condition  mo  Jar  im  th«  t:iirliuh)Nirat« 
m<^UlKjli«iK]  in  cuutcniwj,  thtM'  uuTnlHm  cannot  In-  acrf|iti'd»  i'l.  A^tl's,  Jfed,  Jahrb,^ 
W'wii,  1886,  S.  38:i;  L  Miink.  Bnl  Ihtt.  U'rhifS^hr.,  ISHO,  S.  Syf. ;  aim  Pthlgcr, 
Arc/i.  /.  d,  gt9,  Phyrutl.,  nmin,  IBl^l,  Bd.  I.  H.  '.\m,  :m\  ;  Mossc,  i&id,,  1896,  lid.  Ixiii.  S. 
(5Ki;  ZuuU,  VaitraibLf.  PhijFwL,  Leipzig  w.  Wtiii.  18t>»!,  S.  m\.  The  blow  I  ig  ulttainwi 
either  directly  fruni  one  of  Ihr  liepatic  veina,  or  tiy  jm^siiig  h  ratliett-r  uji  into  the  inferior 
cava,  this  vein  la-in*;;  tlnen  blocked  jnst  li+4ij\v  ih*^  rc(C|4ion  of  the  hepatic  vt-iija  hy  Iht* 
intktToii  of  an  indiji-rublM5r  ba^ ;  or  u  rnl>e  i>i  prissMd  doun  from  tin?  jii^nlar  vtin  thrungli 
the  light  ttUficle  inio  the  inltriur  cava,  uiiil  it^s  beitt  iinl  is  tmide  to  tnter  one  tit  the 
hei*atii;  veins. 
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himself,  that  when  the  blood  from  the  hepatic  vein  is  collected  lander 
conditions  of  luiieathesisij  the  ditlerL^utie  between  tlie  percentage  amount  of 
sugar  in  the  hepatic  hlood  and  that  in  ordinary  arterial  blood  becomes 
gre4itly  diminished,  if  it  do&s  not  alttigether  disappear,* 

Bernard's  views  have  been  coinViiited  strenuously  by  Pavy,*  whoee 
method  of  experimentation  is  not  open  to  the  siinie  objection  as  that 
of  Seegen  and  otherH  who  have  found  a  constant  excess  of  sugar  in 
the  hepatie  blood.  Pavy  tfikes  blood  from  the  animal  immediately 
after  it  has  beeu  killed  by  a  blow  upon  the  head,  and  before  there 
haa  been  time  for  any  change  to  have  occuiTed  in  the  liver,  and  he 
linda  that  blootl  which  is  collected  under  these  circumstance-s  from 
tlic  inferior  vena  cava  (including,  therefore,  the  bh»od  which  has  passed 
out  from  the  liver)  never  shuwa  any  appreciable  excess  of  retlucing 
subsUinces  over  blood  obtained  from  other  parts  of  the  body.  Results 
similar  to  those  of  Tavy  have  alao  been  obtained,  although  under 
somewhat  different  conditions,  by  other  observera 

We  are  therefore  landed  in  this  difficulty,  as  the  result  of  the 
imperfection  of  our  present  methods,  that  we  cannot  be  sure  whether 
the  blood  of  tlie  liepatic  vein  does  or  does  not,  normally »  contain  an 
excess  of  sugar.  If  it  does,  we  are  bound  to  assume  that  sugar  is 
being  continually  passed  off  from  the  liver  into  the  general  blood  of  the 
body,  and  since  this  sugar  docs  not  pass  otr  Ijv  the  urine,  it  can  only  be 
available  for  the  nutrition  of  the  tissues,  and  the  production  of  energy 
by  oxidation.  If  sugar  does  not  pass  from  the  liver  into  the  bhxjil,  we 
should  require  to  find  some  form  in  winch  the  glycjogea,  which  is 
undr>ubtcdly  stored  up  in  the  liver,  Is  got  rid  of,  and  also  to  find  some 
meaning  for  it.s  presence  there  and  in  the  muscles. 

It  has  been  suggested  by  Pavy^  that  such  stored  glycogen  may 
become  converted  into  fat.  Tliere  is  no  doulit  that  carbohydrate 
food  does  become  converted  in  the  body  into  fat,  and  there  are 
many  instances  of  the  forma titJii  of  fat  from  c4irbohydrate  material  tu 
plants :  it  in  there ff»re  not  altogether  wanting  in  probabdity,  that  the 
glycogen  which  is  stored  up  in  tlie  liver  cells  and  nniscles  may  also 
become  converted  into  fat.  8ueh  fat  may  be  assumed  to  Ije  gradually 
removed  by  the  blood  and  caiTied  to  t!ie  diflerent  organs,  and  in  them 
ultimately  oxidised  to  C4^irbonic  acid  and  water. 

Anotlier  sup]>osition,  which  we  have  already  considered,  is  that  it 
becomes  directly  oxidised,  and  produces  heat.  As  nnjst  of  the 
oxidation  of  tlie  body  occurs  in  tfie  nuiscles,  and  as  the  muscles  retain 
their  glycogen  in  Htar\'ation  longer  than  the  liver,  although  the  latter 
organ  contains  normally  a  inucli  larger  proportion,  it  seenia  ver}' 
prolwtble  that  the  glycogen  passes  from  ttie  liver  to  the  muscles.  This 
tmrniot  be  as  glycogen,  for  glycogen  is  not  present  in  blood  plasma,  and 

I  (>ntralh!.J\  lin/sioi.,  Leipzig  u.  Wien,  1896-97,  Bd.  x,  S.  497,  822, 
**^The  PLysiolu^y  ol  tli«  Cmiiuhydmtes,'*  LojiHon,  18&4.     Here  other  papers  hj  tl^ 
same  niitlmr  (Oi*  referred  to. 

^  Jfftii^,  pf».  24fj  to  252.  In  ccmnection  with  the  c|uestioii  of  sugar  produetioa  b j  Uie 
livcT^  it  iiuty  hn  Tijeiitioni'd  that  rLtinoval  of  this  or^n  or  cutting  off  its  blixxl  snppiy  in 
ral>bit.H  (Bojk  aijti  Hofrmuiint  ^^Eipr,  Studien  li.  IHAb^tes,"  IkrliD,  1874).  dogs  (8epgen, 
**Dia  Zuc  keHiildoiig/' and  Trtiiyl  Hint  v.  Hurlt'v,  Arch.  f.  fL  fffs,  Physiol,,  Ukmn,  16M^ 
n<l  Ixi.  S.  5:')!),  gf^cav  (Minkowski,  Arrh,  /.  tj^^M'r.  Path,  n.  Pharmakoi.^  Leipzig,  ]$t8| 
Ud.  XX.  S,  U  ),  is  folio wetl  by  either  disapprraraiue  or  iiiarked  diiniiiutmii  of  the  stig&r  of  Um 
blooil. 
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what  little  tliere  is  in  the  hlood  is  in  tlie  white  coi-puBcles — a  property 
they  share  with  moi>t  fitht*r  protr»phisinic  structures.  It  is  therefore 
natuml  to  moclude,  even  jf  we  cannot  show  the  fact  conchisively 
by  aDalysift,  that  it  passes  from  the  liver  to  the  nniacles  in  the  form  of 
grape-sugar.  The  extra  amount  of  su^ar  in  the  hejiatic  blood  might  be 
80  small  as  e^isily  to  fall  within  the  limits  of  experimental  error,  and 
yet  sufficient  to  transport  a  very  large  amount  of  carbohydrate  in  the 
course  of  twenty -four  hours.  *  Nor  can  it  lie  saiti  that  we  have  any 
means  of  exactly  estinuUing  the  amount  of  sugar  in  the  hlood  at  all. 
What  has  been  estimated  hitherto  in  the  l>Iood  is  not  sugar  alone,  but 
substances  which  reduce  cupric  salts.  Tliat  a  part  of  these  substances 
consists  of  ghicose,  is  shown  liy  the  reaction  with  phenylhyd rapine. 
But  it  nuist  not  be  forgotten  that  there  occur  in  the  blood  other 
substances  which,  although  not  glucose,  also  reduce  metallic  salts  ;  nor 
can  we  say  what  proportion  these  hold  to  the  glucose  in  the  blood. 
Hence  any  mere  deternii nations  of  tlie  reducing  substances  do  not  give 
\m  a  direct  measure  fif  the  amount  uf  ghicose,  and  it  is  inipossible  to 
admit  as  proven  any  tlieory  wliich  is  entirely  built  up  utMjn  observations 
of  the  amount  of  reduction  yielded  by  the  hlood,  on  the  assumption  that 
such  reduction  is  exchisively  produced  by  glucose.  If*  therefore,  we 
accept  Bernard's  theory,  it  must  lie  understood  that  the  evidence  in  its 
favour  is  mainly  of  an  indirect  character.  There  exists  an  analogy  in 
the  case  of  plants,  in  wldch  the  stored  insoluble  c^arliohydrate  (starch)  is 
conveyed  from  one  part  to  another  in  the  form  of  solulde  sugars.  And 
it  must  further  be  looked  u]ion  as  a  piwerful  argunu^nt  in  favour  of 
Bernard's  byiiothesis,  that  under  cerUiin  rircumstaiH^es  there  is  rapidly 
produced  a  very  appreciable  transformation  of  tlie  liver  glycogen  into 
dextrose.  This  occurs  as  the  result  of  Htimulation  of  almost  any  sensory 
nerve,  as  the  result  of  interference  witli  the  he|>atic  circulation,^  and  as 
the  result  of  administration  of  many  drugs.  And  it  alsn  occurs,  as  was 
found  by  Bernard  early  in  his  investigation  of  the  subject,  very  rapidly 
after  death,  especially  if  the  liver  be  kept  at  the  body  temperature.  On 
the  other  hand,  this  transformation  can  be  prevented  liy  subjecting  the 
liver,  immediately  after  the  animal  is  killed,  tf>  a  suJhcient  amount  of 
heat,  as  by  throwing  it  in  jJieccK  into  boiling  water,  or  of  cold,  as  by 
ice-cold  salt  solution,'*  or  by  a  freezing  mixture*  It  has  been  held 
that  this  transformatiKn,  which  occ\irs  during  the  '*  survival "  of  tlie 
liver  cells,  is  due  to  a  continuance  of  such  cliemical  processes  as  occur 
in  the  cells  during  life,  and  which  lead  to  the  change  of  tlieir  glycogen 
into  sugar,  just  as  the  chcndcal  changes  which  occur  in  nuiscle  which  is 
passing  into  rigf>r  are  generally  similar  to  those  produced  during  the 

^Foster,  '*T«xt-Book  of  Pliyaiolo^y,*'  1889,  i>t.  2,  IA\\  iMiition,  p.  726. 

^  For  these  rc&son^i  coTieUi.sioiiH  ahoiiUl  bn  ilmun  veiy  caiUumsiy  from  hucIi  exjiennienU 
ac  those  of  tlie  lirotlierH  CavMzmui  {CfntmlM.  f.  liniKto/,,  lA'i\^7'v^  n,  Wien,  IS^-i,  Btl.  viii, 
S.  85),  who  olitalniGtJ  rlitap|>earaiirc  of  glyco^'i^n  in  tin-  liver,  aiiri  iijrriM.w  of  Hii^ar  in  thi) 
bep»tic  biooti,  on  BtiiimlatioTJ  of  tlm  co^lia*^  pleKiis.  TLe  mmv  remark  applies  to  the  ruMiJttj 
obtained  by  Mormt  and  Dufourt  by  cjttitatiou  of  th«  vagiw  {Arch,  d«  phttsioi,  nonju  ttpaih.^ 
PtriJ!,  1894,  pp.  m\  &nd  371). 

'  Dastrp  statCB  that  a  tern|H  rattiri"  of  ff.'j^  C.  is  fnilht-iniit  tw  dtMrtyy  the  amylolytic  action, 
and  that  prolonged  cxposiiri?  to  icc-rold  salt  soliitioi]  hus  t!ie  aarnc  effect.  He  argiies 
trom  thifl  tnat  ihv-  actii!>n  i^  Tiot  thatfd  a  rtTiiient,  but  of  cl41  protojilaani  {Arch,  dr pkffnoL 
norvt.  ft  pftih.,  Parin,  1888,  p.  69).  On  the  olhei  }»aiicl,  Nasse  fniiijci  that  liver  digested 
with  chloroform  water  hag  a  free  amylolytic  action,  which  jiiUHt  m  that  raae  \m  due  to  a 
fcrmnnt  {R&stocker  J?^.,  1^89,  No.  105).  8ee  als*o  Salkciwski,  CetUraibL  /.  d.  rned, 
jyissetfsch.,  Berlin,  188H,  Ko.  13). 

*  Pavy,  **  Physiology  of  Carbohydratus,'*  p.  131. 
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activity  of  the  muscular  tissue  ;  and  accordingly  anything,  such  as  the 
sudden  application  of  beat,  able  Uy  instantly  kill  the  liver  c^lls  Blops 
Buch  change.^  On  tlie  other  hand,  it  may  also  be  that  the  trans- 
formation is  caused  by  an  aniylolytic  ferment,  whicli  is  pnxluced  by 
the  cells.  This  view  was  in  fact  held  by  Bernard,^  but  he  afterwards 
supposed  that  the  ferment  was  derived  from  the  Idood.^ 

It  has  lieen  denied  that  such  a  ferment  can  be  obtained  from  the  liver,  and 
it  has  therefore  been  c«*n tended  that  the  transformation  of  glycogen  into  sugar 
must  be  produced  by  the  direct  metal >olic  action  of  the  cell  protoplasm.  It 
hiis  also  been  argue<l  that,  since  the  sugar  which  is  jiroduecd  by  the  digestive 
aaiylolytic  ferments  is  maltose,  and  not  dextrose,  the  production  of  dexUtwein 
the  surviving  liver  cannot  he  due  to  a  ferment,  Pavy,  however,  has  shown 
that  an  active  araylolytic  ferment  is  obtainable  from  the  alcohol  hardened 
liver  both  in  rabbits  an<l  catj*,  and  that  the  sugar  which  is  produced  by  it  i* 
closely  similar  to,  if  not  i<ientical  with,  that  formed  in  the  "surviving  "  organ/ 
A  ferment  converting  glycogen  into  dextrose  has  also  been  obtained  from 
the  liver  by  Arthus  and  liuber/'  and  by  Bial,*'  who  states  that  it  is  identical 
with  and  probably  derived  from  the  diastatic  ferment  of  blood  and  lymph.^ 

Puncture  diabetes. — Bernard  ^  also  discovered  the  fact  that  certain 
lesions  of  the  central  nervous  system,  and  especially  a  puncture  in  the 
region  of  tlui  tiooi'  of  the  fourth  ventricle,  which  corresponds,  as  we  now 
know,  very  nearly  to  the  position  of  the  vasomotor  centre,  producjes  a  con- 
dition of  glycosuria  ;  and  that  this  is  caused  Ijy  a  transfonnation  of  the 
glycogen  of  the  liver  int<j  sugjir,  which  is  then  taken  up  by  the  hepatic 
veins  in  so  considerable  a  quantity, and  increases  so  much  the  percentage 
of  sugar  in  the  blwxl,  as  t(*  cause  its  excretion  by  the  kidney.  That  this 
is  the  origin  of  the  suj^ar  in  the  so-called  '*  puncture  dialjetes,'*  is  proveii 
by  the  fact  that,  if  precautions  are  taken  to  render  the  liver  devoid  of 
glycogen,  as  by  a  prolonged  period  of  inanition*  with  or  without  severe 
muscular  activity,  the  glycosuria  ordinarily  resulting  from  puncture  of 
the  fourth  ventricle  dooB  not  appear,  nor  does  it  occur  in  fnigs  with  the 
liver  removed.     It  has  been  conjectured,  with  much  jtroliabihty,  that 

'  Noel  PatoD  found  that  if  th^^  liver  substance  be  braised  up  in  a  mort&r  with  sand,  so  m 
to  crush  aofl  thun  dralrcty  the  liver  ccUh^  the  chaiigi*  of  jR^lypogcn  into  sugar  does  not  occnr 
iPhxL  Trans.,  I.rmdnn,  IKtH.  vol,  clxxxi,  p,  23."^),  But  a*  repetition  of  his  ex i>eriTiients  bj 
Pavy  (**  B^j)icnti<Msm/*  Lnnd«m,  189ii,  f.  7B)  hna  not  yielderi  th<*  same  rcsnlta*  Mid,  msec 
they  wen?  only  few  in  iiunilier,  they  mri  hai-dly  he  accepted  without  further  eonfinnatiOD. 
Paton  ha.s  iiioreovfr,  in  later  ex]iennientft,  liiiinself  failed  to  verify  hiii  earlier  revttltf 
{Joiini.  Phtf^ioL,  Caiiihritlge  and  London^  1S97,  vol,  xxii.  p,  121), 

'  '*  Le<^ons  sur  k  diahH?,*'  Pari.%  1877* 

*  CompL  rrnd.  Acad,  fi,  ^,,  PanH„  tome  xli.  p.  461. 

*  Then'  »»^eni8  ta  he  litlk'  doubt  that  this  HUgai  is  mainly  if  not  entirelj  dettron 
(Seegeu  and  KratJ^ehmer,  Arch,/,  d.  iies.  Pht/ftwl,,  Uonn^  1880^  Bd.  xxii.  S.  211),  Iml 
apconiing  to  Chittenden  and  Land»ert  {Sltid,  Lab.  Physiol.  Chffm.,  New  Haven.  ISftS) 
Lliere  i^  some  maltose.  Kulz  and  VogiO  ala<*  found  a  certain  amount  of  Ijoth  maltoM 
and  isomaltost'  in  the  fie.*ih  liver  [CavtralhL  f,  d.  mcd>  Wis9ensth.,  Berlin.  18ii4,  8.  7(Ifik). 
The  renmtk  that  has  been  already  uinde  regard] nj,f  the  aiigar  found  in  bhx«i  applies  to  all 
these  detfrminatiotis  ^f  liver  BUgar,    namely,    that  wtiat  i»  actually  determititfd  ii  IIib 


anmnnt  <if  reduetion  of  cuprie  oxide,  and  that  there  may  be,  and  landoubtedlj  ara,  - 
mibstaueen  present  bewide.s  jiiigar  which  elFcct  this  reduction. 

*  Arch,  d^pkyaioi.  riorm.  tt  jtath.^  Paris,  1?3J»2^  p.  65 K 
*Arch,/,  //.  }ffJi.  PhifnoL,  Bonn,  IWi,  Bd.  Iv.  S.  434. 
'  See  article  **  Blood/'  p.  160. 

*  '*Le4;ons  smr  la  phyHiob  et  la  j>atbol.  do  syat*Mne  nerveux/*  Paris,  1S58,  tome  i  n. 
401.  See  abo  KMmrd'  Beitr.  i.  AnaL  u.  Physiol.  {Eckhfird},  Giensen,  18iJ9»  Bd.  it.  8.  l 
Kuhne  found  the  same  thing  to  happen  in  frogs  (Inaug.  Diat.,  Gottiflgen,  1S56)^ 

*  Luchsingcrj  loc,  rit^ 
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the  condition  of  the  liver  whicli  results  from  such  puncture,  and  which 
tends  to  cause  this  tmiisf(>nimtioii  of  the  gl}Togeii  into  sugar,  is  due  to 
a  disturbance  of  the  hepatic  circulation,  and  especially  of  the  circula- 
tion in  the  hepatic  artery,  thus  indirectly  producing  an  alteration  in  the 
normal  metalMilisni  of  the  organ ;  but  this  cannot  be  considered  as  con- 
clusively proved,  and  it  may  he  due  to  a  direct  interference  with  the 
action  of  the  nerves  to  the  liver  cells.  Diabetes  does  not,  how^ever, 
occur  on  section  of  tl*e  Hidanchuie  nerves  alone. ^  But  in  all  [uobability 
tlie  vasomotor  ci^ntre  is  stimulated  by  the  puncture,  for  otlier  forms  of 
stimulation  of  the  vasomotor  centre  also  tend  to  jiroduce  a  temjiorary 
dialietes^  such  as  the  {irolonged  stimulation-  of  most  sensory  or  afferent 
nerves  {e.g.  the  sciatic,  the  central  end  of  the  vagua,^  and  the  depressor*), 
which  are  known  so  Uy  infiuence  the  v^asumotor  centre  as  to  produce 
constriction  or  dilaUition  of  the  arteries  of  tlie  body  generally.  It  is 
possible,  tlierefi«re,  that  this  may  lie  the  manner  in  which  the  effect  is 
prnduccd  in  the  liver,  and  that  the  glycamia  is  due  to  the  <lindnution 
of  the  amount  of  oxygenated  blofxl  passing  to  the  liver  thitnigb  the 
hejiatic  artery,  cauBing  an  excitation  of  the  liver  cells,  and  such  conse- 
quent alteration  in  tlieir  metabolic  activity  as  ordinarily  accompanies 
excitatitm,^  Many  drugs  produce  temporary  tliabetes,  r.7.  acids,  such  as 
phosplHJric,  lactic,  and  bydrocblonc,  also  strychnine,  curari,  jihospborus, 
arsenic,  carbon  monoxiile.  Sonie  of  tlicse  nuiy  act  by  atlecting  the 
circulation,  others  by  producing  a  dyspno^ic  ctindititm  of  the  liver  cells, 
others  again  may  l)e  direct  stimulants  to  the  hepatic  cells.^ 

It  mus^t  be  bMjked  ujM,in  as  a  strong  argument  in  fjivour  of  the  glycogenetic 
theory  of  Bernard,  lluit  wf^  find  as  a  fonroniit^int  of  tbfl  altered  (increased?) 
activity  of  the  hejiaiic  celts,  both  after  removal  of  the  liver  from  the  body, 
and  after  the  diabetic  puncture,  fiuclr  an  int-rea^ed  proilnctinn  of  yugar  in  the 
organ.  It  is  certJiinly  easier  to  ex]>lain  tlie  occurrcnre  of  puncture  dial>etes  as 
an  excess  of  the  normal  produution  of  .sugar  in  the  liver,  than  a.s  a  phenomenon 
entirely  mii  generis. 

Action  of  the  pancreas  on  carbohydrate  metaboiiem. — ^Until 
recently,  it  was  not  known  that  the  pancreas  had  any  more  infiuence 
nprn  metabolism  than  other  glands  of  the  siime  type,  such  as  the 
salivary  glands.  There  had,  however,  been  isolated  instances  recorded 
in  which  disease  of  the  pancrca.s  was  accompanied  by  a  comlitioii  of 
diabetes;  Init  this,  for  the  must  jiart,  was  ascribed  to  the  implication  of 
the  8ymi>atlietic  ganglia,  wliicb  are  in  anatomical  relationship  to  the 
pancreas,  and  no  special  importance  was  attached  Ui  the  pancreas  in 
connection  with  the  symptom^     It  was,  however,  shown  in  1889,  by 

'  According  to  Kaufiiiaiiii  {f'ompL  reiui,  Sf}e.  de  ft»W.,  Vnvis,  1894,  p.  2MK  puncture 
diabctea  is  irot  prodiu'od,  ir  iIm  nerves  hoth  tn  tin'  pancrcaN  anfl  livi«  r  arc  cnit  ;  ItiUlfmiB 
set  only  is  Mcvererl,  it  it*  found  t«j  occur, 

'  Evpn  that  jtroducc^l  l>y  Hfttion^,  Kiilz,  Jrrh.f.  tt  tffis.  liiyHitfK^  B^mn,  18S1,  Bd,  wiYm 
S,  97*     Here  al HO  will  bf  found  lek'niicpj^  to  |iri?vioiiH  ]M]icrh  on  tlit  HiiKjci-r. 

*  Bernani,  '' Lih^xuis  sin  le  .systf-iiie  niTVi^ux/'  Paris,  185a,  tome  ii.;  ErkLard,  Beitr, 
2,  Annt.  u.  PhyxktL  {Eclhtinl),  Cieflt-ri,  Bd.  viii. 

*  Filclnie,  VerdralhL  f.  d.  med,   U'issai^i^h.,  IteiUii,  1878,  Xo.  18. 
»Cf.  Araki,  Zt»:ftr.j\phijxt'oL  Chem,,  Stra?isburc,  1893,  M.  xvii, 

*  RererenccH  to  the  Itteraturo  of  some  of  thfse  s^ibstancfls  will  l>i^  given  lat^r  ;  others  will 
l>e  foil  111]  tn  Ktllz,  ioc.  ciL,  nupra  ;  and  in  Xfumeistcr^  *'  I>ctirbut'h,  *'  Aidl.  2,  8.  32H. 

"  Since  tlie  diaeovery  by  v.  Mfriiig  and  Minkownki  nf  ttie  eHerts  of  total  ri-nioval  of  the 

Jiaiicreaa,  several  CJkmm  of  severe  diiibeti.«i  in  iiiari,  asHmiated  with  disefine  of  that  gland, 
lave  Ihjcii  recorded  {(L  llopiieSi'yhir,  Ifnittcltfn  Arch.  /.  kiiu.  Mfd.,  Leipzig,  1893,  B<h  lii. 
S,  171  ;  Biiaa,  Diss.,  Guttingen,  fSBfi).  It  iiuiHt  luit  be  supposetl,  however,  that  thin  in  at 
all  GOininoD.     In  mobt  ca^es  of  dialHiteM  no  ntreetion  of  the  jtancre&s  can  be  subst^^iitiatiKi, 
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von  Meriog  and  Minkowski/  that  complete  reraoval  of  the  pancreaain 
the  dog,  eat,  and  pig,^  is  inevitably  fijUovved  by  a  very  severe  i\ 
diabetes,  iiaving  the  uHiial  characters  of  that  tUsease  in  man,  nami 
euorraous  increase  in  the  excretion  of  water,  and  the  apj>eArauce  inll 
urine,  bcHides  sugar,  of  aeeto-acetic  acid,  acetone,  and  sometimes  of  oif 
butyric  acid.     That  tliis  cxjndition  is  not  in  any  way  due  to  the  aboUti 
of  the  secretion  of  tlje  gland,  wan  further  shown  liy  the  observation 
it  iloes  not  occur  if  the  duct  of  Wirsuug  he  tied,  or  if  it  and  its  brand 
be  l)locked  by  the  iiijectinn  of  parallin  int*>  tlieni,  and  the  gland  left  ft 
m(u,  nor  even  if  a  cerUvin  pmportion  of  the  gland  be  left,  its  secretioa 
being  prevented  froiu  passing  into  the  int-estine;  nor  does  it  occsarifa 
portion  of  the  pancreaa  be  detached  from  its  nnmial  position  and 
plaut-ed  elsewhere,  either  underneath  liie  ekin  or  in  the  peritoneal  cavi 
and  the  remainder  of  the  organ  subsequently  removed,  although  dia' 
will  appear  in  the  severest  form  immediately  after  the  removal  of  tl 
transplanted  portion  from  its  subcutaneous  situation. 

The  observations  of  v.  Mering  and  Minkowski  have  been  repeated 
and  extended  by  Minkowski  himself  and  by  many  other  physiobigistiL 
The  removal  of  the  organ  is  less  difficult  than  might  be 
cliief  precaution  to  take  being  to  interfere  as  little  as  potv- 
supply  of  blood  to  tiie  duodenuTu,  The  complete  removal 
invariably  to  Im?  immediately  followed  by  a  considerable  iu 
sugar  m  tlie  blood,  where  the  amount  of  sugar  may  reach  ae  high  as  U" 
per  cent.,  and  its  consequent  appearance  in  the  urine,  in  which  \ 
amount  may  rise  to  as  much  as  8  per  cent,  or  moi-e.  Iu  the  increasf 
amount  iu  the  blood  pancreatic  diabetes  agi'ees  with  puncture  diahietefi, 
and  dirters  fnnn  phloridzin  diabetes,  in  which,  as  already  stated,  the 
amoimt  of  sugar  in  the  blood  is  not  increased,  although  there  is  a  large 
increase  of  sugar  lu  the  urine.  Concomitantly  with  this  increase 
sugar  in  the  bloml  and  its  consequent  appearance  in  the  urine 
glycogen  of  the  liver  disappeai-s>  When  no  carbohydrate  is  giveo 
the  food,  and  even  during  prolonged  fasting,  the  sugar  continues  to 
eliminated  iu  considerable  quantity ;  and  since,  under  these   cdiami- 

1  Arch./.  c:rper.  Path.  w.  I'h/irmakot.^  Leipzig,  18S0,  EkL  xxvL  ;  sec  aUo  Minkovati,  tlii, 
1898,  Bh!,  xxxi*  S.  85.  The  oxiieriuirnts  of  v.  Muring  and  Miiikowgki  li»%*c  been  fvpisMI^ 
many  observers,  amongst  wJiom  may  be  mentioned  eajH-cially  Dominicis  {Gior.  twfijuifc  ^  «. 
m^d,,  Nupoli,  188D),  Hudpn,  Tbiroioix^  ^'^^y.  and  Li'fiiue  (numett)U&  pftfiers  during  th«lMl 
aeveii  yQi\m  'n\  the  Compi,  rtiid,  Acad,  d,  *c.,  T&vin  ;  and  in  the  Cotupt,  remtL  StL  if 
bioLf  Paris;  in  the  Arch,  d^  phyxiof,  norm,  d-  jmfh.^  Paris;  and  Arrh,  liit  mM,  t3^* 
€i  (Vanat.  patk^f  Paris) ;  Vaughan  HarleVt  Jo^irn.  Anal,  emd  PkyswL^  Ixmiioiit  IStl,  ^ 
xjtvL  ;  Jaum.  Phifmol,^  CanthriJge  and  London^  1891^  voL  xiL  p.  391  ;  C^pmili  (J<|li4 
Accad.  Oionenia  di  ae.  nai>  in  Catania^  181*2,  tome  v.;  Sandnieyer,  Ztschr./,  mti.,  Hi 
1893»  Bd.  xxix.  S.  S6. 

^  The  revinlts  in  the  rabbit  wer«  Bomewhat  doubtful,  and  negative  resulta  w«r» 
in  birds  and  in  the  frog,     Ald^^huK  {Zfs^hr.  f.  BioL^  Mlinchen^  1892,  Bd,  xxriitX  1 
bas  obtained  ]>ancreatic  gly^osnria  id  the  frog  ;  as  has  also  Marcuse  {yerhmmiL  «L| 
Gt9UUch.  zK  Mrrlin^  18i»3-94,  S.  H8,  in  Arch./.  Physiol,,  Leipzig),  wbo  sbitev  I^bI  it  I 
to  (Xscitr  if  tbe  liver  he  previuuBly  removed*     This  is  also  the  caaor  ttocxirdiiig  1 
liorff  {Arch.  f.  Physhd.,  Leiiwij^.  1SS7,  S,  138),  with  tbe  diabetes  prodncedEj  i 
and  by  pimcture,  Ivut  not  witti  that  produced  by  curari.     Cf.,  however,  Rohfuann,  <i 
/.  Physud.,  Leipzig,'  \u  Wieu,  1887,  M.  i.  8.  122. 

*  Thiroloix  ('*  Lc  diabete  jmnereatiquc,"  Paris,  1892)  at  first  obtained  •  eontfsiy  Htfrfli 
but  in  later  experiments  {Ard\.  d&  phifsioL  nontu  ft  patk.^  Paris,  Oct.  1892)  wmxuAfA  ii 
confirming  tha  original  statement  of  v.  Mering  and  Minkowfiki. 

*  Aeeording  to  O^don  {Ardv.  de  physiifl.  n&ntu  ei  paUi.,  Paris,  1893),  Ute  fttpor  id  i^ 
liver  may  nevertheless^  be  inci-eaaed  in  pancreatic  diabetes.  Tbe  aclmiKiMntiM  ^ 
Isevalose  causes  the  reai»pearanee  of  glycogen  in  the  liver,  altbougb  liexlmw  iWi  ••* 
(Minkowski,  Arch./,  cjepen  l^alh.  u,  Pkarmakol.y  Leipzig,  1893^  Bd.  s&xL)^ 
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stances,  its  araomit,  as  in  the  case  of  phloridzin  glycosuria,  risea  and 
falls  with  the  amount  of  nitrogen  in  the  urine  (see  p.  921).  it  may 
!)e  assumed  that  it  ia  ileri\  ed  in  these  eases  also  from  the  splitting  of 
pro  te  ids. 

The  exact  ani<iunt  of  tiie  pancreas  vvhicli  it  is  necessar}'  to  leave  in 
order  to  prevent  tlie  *)Ci  irrrenee  <if  glycosuria  cannot  be  exactly  given, 
but  a  comparatively  small  amount  is  sutticient.  If  somewhat  lejsw  than 
this  minimum  he  removed,  diahetes  of  a  less  severe  type  than  that 
following  complete  removal  luay  <x;cur.  There  is,  however,  a  tendency 
for  it  to  V>ecome  more  severe  in  |>roeess  of  time,  ])rohalily  from  a  ceitaiii 
amount  of  atrnphv  occurring'  in  the  pmcreatic  tissue  whicli  lias  been 
left.^ 

Caam  ofpanermtic  t flakier. — It  apjiears  probable  that  the  pancreas 
exerts  its  in!lueiiee  upon  c^irliohydmte  metaliolisrii,  either  by  promoting 
the  formation  of  glycotfen  iji  the  liver  from  the  dextrose  tHken  to  it  by 
the  |X)rtal  blood,  or  by  furtherin*^  the  oxidation  of  tlextrose  in  the  tissues 
generally.  In  either  ca8e  the  eHbet  would  be  the  prevention  of  the 
accumidation  of  dextrose  in  the  blood,  so  that  the  taercentage  of  sugar 
in  this  fluid  would  he  kept  dnwn  to  its  nciin nil,  small  amount.  Whetlier 
this  is  brought  about  by  the  direct  action  of  tlie  organ  upiui  dextrose 
which  reaches  it  with  the  blood,  ur  whether  it  aets  indireelly  in  promot- 
ing  the  metabolism  of  dextrose  by  an  internally  secreted  materiah  which 
paaaes  out  from  tlie  organ  into  the  blood  and  tissues,  is  a  t[uestion  which 
it  is  imp^^ssible  at  present  to  give  an  answer  to.  Diabetes  which  results 
from  removal  of  the  pancreas,  is  not  necessiirily  due  to  an  increasetl 
glycogenesis  from  transformation  of  glycogen  (altliough  tbiw  is  the  cause 
of  the  glycosuria  which  first  makes  its  appearance),  fur  it  will  continue 
after  the  glycogen  has  completely  ilisappeared  from  the  liver  and  muscles. 
Moreover;  the  amount  of  sugar  which  is  passed  is  altogether  too  great 
to  Ije  accounted  for  by  the  amount  of  glycogen  present  in  the  body. 
Nor  is  it  due  to  a  diminished  consumption  of  sugiir  by  the  tissues.* 
It  has  Ijeen  suggestcnl  that  it  is  cauaetl  by  the  absence  of  the  glyco- 
lytic ferment,  which  is  descrilied  as  being  usually  ju'esent  in  the  hlorKL 
Lupine  ^  has  suppiosed  that  the  pancreas  forms  such  a  glycolytic  ferment, 
which  eftects  the  splitting  of  sugar  pri(»r  to  its  oxidation  in  the  tissues. 
But  Minkowski*  has  shown  that  the  Idood  of  an  animal  deprived  of  its 
pancreas  still  possesses  just  as  nnvcli  power  of  glycolysis  as  a  normal 
animal,  Kausch,^  who  succeeded  in  producing  diabetes  in  ducks  and 
geese  by  pancreatic  extirpation,  also  found  that,  after  removal  of  the 
liver  in  the  diabetic  anioial,  moderate  amounts  of  sugar  were  still  con- 
sumed in  the  tissues.  Pancreatic  glycosuria  tliminishes  or  disappears 
(luring  fever® 

The  symptoms  are  not  allayed  by  giving  raw  iiancreas  with  the 
food,  as  those  of  tliyroidectomy  are  by  feeding  with  raw  thyroid.     Kor 

*  Cf*  H^on,  Compl.  rend.  Aauf.  d.  *:,,  Paris,  1893,  tome  chi.  p.  649  ;  ami  Thiroloix, 
A  reft.  dephysioL  norm,  ft  jxt^fi..  Paris,  1892> 

'  KaurnidDif,  Com  pi.  rend.  Acad.  d.  .<r.,  Paris,  1894,  tome  exviii.  [>.  656;  Jrch.  d^phifsiol, 
norm.  Hpa/h.,  Paris,  189ti,  p.  L'jL 

*  *^  Le  ferment  glycolytique  et  k  palbogi^Die  thi  diabete/'  Paris,  1891.  I/pine'H  theory 
ii  BUpported  W  Vaugliao  Htirley  {Brit  Shd.  Jounu,  Loiidiin,  27th  Augiiat  1892),  and 
!tts  been  critictsed  by,  amongst  others,  »Sj>it/er  {BerL  kfhi.   Wchtvschr.,  1894,  S.  94d). 

*  Arch//.  fJtper.Pa^h,  k.  Phormaloi.,  LeipKip,  l!*93,  IVh  xxxi. 

*  Hid.,  1896,  Hd.  xxxvii,  8.  274  ;  nnd  1897.  M.  xxxix.  S.  219. 

*  Kaufman  n,  Com  ft  rnuL  Soc.  de  bioLf  Paris,  1S90,  p*  227.  Fevor  waa  found  by  Poor« 
to  diminiab  sng&r  in  natural  diahctes  (rrait.Y.  Clin.  Soc.  Lmuhm^  1894), 
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are  they  due  to  any  toxic  substance  accniniilating  in  the  blood  (from 
which  it  might  he  suppoBed  to  be  normally  remo^XHl  by  the  j>aiicreas), 
as  lias  been  thought  to  be  the  case  in  the  analogous  instances  of  thyroid 
and  suprarenal  extirpation,  for  the  blood  of  an  animal  rendered  diabetic 
by  pancreatic  removal  is  not  found  to  render  a  normal  animal  diabetic 

The  facts  clearly  show  that  th(!  dialjctes  which  re.suits  from  i>aticreatic 
extirpation  is  not  the  result  of  any  iiitcrfeieiiee  with  the  sympathetic  nerves 
in  the  neighbourhood  of  tho  organ,  nor  i.s  it  due  to  the  arrc^'^t  ctf  the  passage 
of  the  Hccretion  of  the  gland  into  the  intestine,  but  \%  exehisively  the  result 
of  the  removal  of  something  belonging  to  the  gland  which  acts  in  indefiend- 
enee  of  its  functirms  in  connection  with  digestion.  Since  we  tind  in  the 
pancre^iSj  if  we  compare  its  structure  with  similar  glands  such  as  the  salivary, 
that  the  oidy  important  dilTerenee  is  the  oct'urrence  in  the  parenchyma  of  the 
pancreas  of  certain  cell  inlands  of  an  epitheliiim-like  appearance  richly  supplied 
with  blood  vessels,  inul  entirely  unconnected  with  tilveoli  or  gland  duct**,  it 
seems  reasonable  to  j^uppose  that  the  influence,  whatever  it  may  be,  which  the 
pancreas  exerts  upon  carbohydrate  metaboliFm,  and  which  results  in  the 
excessive  formation  of  sugar  on  its  reiiiova),  '\%  due  to  this  particular  tissue.^ 

That  the  salivary  glands  have  no  such  influence  u(ion  metalwlism  as  the 
pancreas  was  shown  l>y  Fehr,^  and  also  conclusively  by  Minkowski/'  who,  after 
removal  in  dogs  of  all  the  salivary  glauds,  including  the  orbital  ghmds,  found 
no  appreciable  eft'ects  either  upon  carbohydrate  or  any  other  form  of  metabolism 
to  follow  the  removal.  I  have  myself,  in  conjunction  with  Moore,  repeate<l  Uiis 
experiment  in  a  <log,  removing  in  successive  operations  all  the  Mali  vary  glands 
upin  both  Kiiles,  leaving,  however,  the  orbitfd  glands.  The  animal  remained 
in  perfect  health  for  sovcml  months,  ami  no  disturbancei*  could  be  determined 
in  either  carlxihydrate  or  proteid  metabolism.^ 

Metabolism  of  Fat, 

Is  the  fat  of  the  body  directly  derived  from  the  fat  of  the  food  ? 
- — That  the  fat  of  the  body  should  be  derived  from  the  fat  of  the  food 
seeniB  at  first  sight  extrenu^ly  probable.  But,  on  consideration,  it  wUJ 
appear  that  before  it  is  laid  down  as  the  fat  of  the  tiBsues  it  would 
probably  undergo  a  change.  For  the  fat  of  diilerent  aniuials  has  by 
no  means  the  same  couiixisition.  Whereas  some,  such  as  the  dog  and 
man,  have  a  large  amount  iA  olein  in  their  adipose  tissue,  and  conse- 
quently theh"  fat  has  a  comjiarativcly  low  melting  point,  others,  such  a« 
the  sheep,  have  a  large  proportion  of  stearin,  and  the  fat  of  such  animals 
has  a  relatively  high  melting  point. 

Now,  if  a  dog  or  a  man  is  fed  upioii  sheep's  flesh  and  fat,  the  fat 
w^Iuch  is  laid  up  in  the  LK>dy  lias  not  a  different  coni position  from  that 
which  it  ordinarily  possesses.  That  is  to  say,  a  man  living  upon  mutton 
will  have  his  botlj-fat,  not  of  the  consistency  of  muttcm  suet,  but  of  the 
ordinary  consistency  of  the  fat  of  the  human  body,  having  a  melting 
point  for  lower  and  containing  a  much  larger  amount  of  olein  in  its 
composition. 

If,  therefore,  the  fat  of  the  food  is  laid  down  as  the  fat  of  the  IxKly. 
it  must  undergo  important  modifications.  It  is  pOBsible  to  supf«>se  that 
only  such  jiortions  of  the  fat  of  the  food  as  would  make  fat  of  the 

*  Scbafer,  **0n  Internal  SecretioTia/'  BriL  Mtd,  Jottm.,  London,  August  1895, 
'^  hmug.  Diss.,  Gieasen,  18(12  (qiiote<i  from  Minkowski), 

^  Arch,/,  carper,  FiUJu  n.  /Vmrwi^jiW.,  LeipziK,  1S93,  BfL  xxxi.  S.  141. 

*  *'  Prof.  rtiyyiol.  8oc,,"  Joum.  Pkysioi.,  Cambridge  and  London,  1896,  voL  zix.  p.  xiii. 
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composition  normal  to  the  particular  Bpecies  of  animal,  are  Laid  down 
directly,  and  that  other  portions,  such  as  the  excess  of  stearin  which 
occurs  in  mutton  fat,  hecome  hroken  down  completely,  and  either  directly 
oxidised,  or  the  proilucts  of  their  decomposition  again  huilt  up  to  form 
the  norma!  fat.  It  has  indeed  heen  conclusively  proved  that  the  fat  of 
the  food  may  he  to  a  certain  extent  laid  down  unaltered  in  the  hody- 
fat.  Dogs  which  ha\'e  heen  starved  for  a  considerahle  time,  so  that 
practically  the  whole  of  the  hody-fat  lias  become  removed,  will,  if  fe<l 
upon  an  excess  of  mutton  fat  and  sufficient  proteid,  lay  down  a  Ixidy-fat 
of  a  melting  point  and  com  position  very  similar  to  invitton-fat.  This 
shows  that  at  least  a  portion  of  the  fat  introduced  with  the  food  has 
been,  for  a  time  at  any  rate,  hiid  down  directly  as  body-fat.^ 

It  htis  been  further  shown  that  dogs  to  which  there  has  been 
administered,  along  with  their  food,  forms  of  fat  which  do  imt  ordinarily 
occur  in  the  animal  economy,  will  lay  down  a  certain  amotnil  of  this 
along  with  their  body-fat.  This  fins  l>een  determined  for  spermaceti, 
linseed  oil,  and  mpe  oil/-  That  in  pigs  the  fat  of  the  body  may  also  l>e 
derived  from  the  fat  of  the  forid,  wa^  sliown  in  some  of  the  experiments 
by  Lawes  and  GilherL'' 

Formation  of  fate  from  fatty  acids. — Tlie  question  nf  the  form 
in  whicb  fats  are  absfirhed  has  l>een  alreutly  i-tmsidered  in  a  previous  article 
dealing  with  that  Hubject,  and  it  has  there  been  shown  that  the  fata  of  the  food 
are  in  large  part  not  absurbed  in  the  fi>rm  of  fat,  but  in  that  of  fatty  a<^id, 
into  which  and  glycerin  they  are  hrnkeu  uji  by  th«  fat-.splitting  ferment  of 
the  pancreatic  juiec  ;  and  that  they  untlergo  a  aubsprpient  synthesis  into  fat 
by  combination  with  glycerin  in  the  columnar  opithelial  cellH  of  the  small 
intestine. 

That  such  synthesis  is  possible  even  in  the  ahspure  of  glycerin  given  with 
the  food,  is  shown  by  the  experiments  of  L  >fnnk,  who  fountl  that  when  a 
dog  was  fed  upon  fatty  aeids  in  place  of  the  fat.^  of  its  ordinary  food,  jngt  as 
much  fat  was  absorbed  into  th«  chyle  arul  wjis  laid  tlowu  in  the  body  as  if 
it  had  bf^en  fed  with  the  complete  fat.  The  columnar  e|uthelial  cells  become 
tilled  with  fat  globules,  as  after  a  meal  rontainiiig  actual  fat«  ;  and  the  synthesis 
of  fatty  acid  and  glycerin  tn  ftirnj  fat  must  therefore  have  occurred  in  these 
cehft,  which  must  themselves  have  prodiiccil,  in  some  way  which  is  not  under- 
stood, the  glycerin  necessary  for  the  synthesis.^ 

Are  fata  formed  f^om  carbohydrate? — This  is  a  question  of  great 
practical  iin]iortHnce,Heeiuj^  that  earlmhydrate  bKHlw  lue  the  cheapest  forms 
uf  nutriment,  utitl  that  the  fattening  nf  auinialH  is  an  iniportant  hmncli  of 
agricultural  intlustry.  The  experiein-e  uf  all  rearern  *d  animals  for  market 
points  to  the  fact  that  earbuliydratt's  tlo  prodiuje  fat.  Sheep  and  oxen 
fed  purely  upon  gruB.s,  whieli  contains  hardly  any  fat  and  but  little 
proteid  in  jiroportion  to  the  cnrb<»fiydride  present,  lay  on  a  large  aiuount 
of  fat,  and  the  artilicial  foods  whicli  are  used  for  fattening  purpftses 

»  UWlofr,  CnitraUd.  f.  ti.  med.  jrUseiiAch.,  UGrliii,  1882,  S.  129;  Ztschr.  /  phijsiol. 
Chtm.,  StrnsaliuTg,  lS8'i,  lid.  vi.  S.  119  ;  Avch.  /  d,  ije3.  Phifskd.,  Bonn,  1^83,  IVl  xxxi. 
S.  11  ;  1,  Munk,  Arrh.  f,  Physiol,  Lm\yd\i.  1S8:J,  8.  273  {VerhamiL  d.  phijstol, 
Otsdiifeh,  zu  Berlin)  ;   Firchotr'a  Jrchii\  1>*h4.  IJ*L  x^'V.  S.  407. 

^  Railiicw«ki,  VirekQirit  Jjrkiv,  l««i8,  lii.  xliii.  S.  i^G  ;  LA^dtiT,  Iim-..  ciL;  I.  ilunk. 
Ive.eit,  See  also  Minkowski,  Arch,/,  ^j-jt^r.  Path.  v.  Phannafcol.,  I^ipziju,  1880,  IM,  xxi, 
S.  373,  «nil  L  Munk  and  RoHiiiHttin,'  Firchvtr's  Airhir,  1M*1,  IM.  cxxii.  S.  230,  for  evidence 
that  foreign  fata  p&sa  iiUo  the  cliyk\ 

»  See  note  2  on  next  ptigr. 

•  For  further  details  rt*gardin>;  tlii'Ht  mid  similar  exjjerimeiits,  st^e  tirtiolc  on  **  Fat 
Absorptiont"  p*  ^^^- 
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also  for  the  most  part  contain,  in  addition  to  a  certain  amount  of 
proteid,  a  large  proportirin  of  carbohydrate.  In  spite,  however,  of  this 
almost  nniversal  experience,  it  lias  been  held  by  C.  Voit^  that  the 
carbohydrates  of  the  food  are  not  directly  trauBformeil  into  the  fat  of 
the  body,  but  that  they  only  act  in  promoting  the  fattening  of  animals 
by  sparing  the  oxidation  of  proteid,  bo  that  the  n  on -nitrogenous  portion 
of  the  jiroteid  molecule  may  become  transformed  into  fat.  It  ha^  been, 
in  fact,  altogether  denied  by  Voit  that  the  carbohydrates  themselves  can 
be  transformed  liy  tlie  animal  economy  into  fat,  in  spite  of  tlie  well- 
established  fact  that  in  plants  there  frequently  occurs*,  especially  in  the 
ripening  of  luany  seeds,  a  consitierable  transformation  of  carbohydrate 
material  into  fat.  The  question  was,  however,  brought  to  the  test  of 
direct  exi>erimeut  liy  I^iwes  and  Gilbert.*^  These  observers  to(»k  two 
pigs  of  the  same  litter,  killed  one  as  a  control,  and  determined  the  total 
amnuut  of  fat  in  its  body,  and  kept  another  one  alive  for  some  weeks, 
feeding  it  with  pr(»teid  and  an  excess  of  carl johyd rate  forwl,  and 
determining  the  exact  amount  of  proteid  in  Huch  foini  then  kille*!  it, 
and  determined  the  total  amount  of  fat  in  its  Iwdy.  They  fi>und  that 
the  amount  of  fat  which  liad  been  ad<lt'd  on  during  the  time  could  not 
be  accounted  fur  liy  sujjposing  it  lu  be  derived  from  the  proteide  of 
the  fo(Hl,  since  tliere  was  nut  sutlicient  pruteid  in  the  footl  during  the 
jieriod  of  the  ex |ieri merit  to  account  for  more  than  two-thirds  of  the 
fat  which  had  lieen  formed,  even  sujijiosing  the  whole  of  ita  non- 
nitrogenous  moiety  to  have  Ijeen  transformed  into  fat.  Therefore  a 
jjart  at  least  of  the  fat  forme<l  must  have  been  derived  from  tlie 
carboliydrate  in  the  food. 

This  experiaieat  bus  ,siiiet^  been  repeated  by  subsequent  observers  on 
dilferent  aiumal?:,'*  jiiid  uhvayi^  with  the  same  result,  so  that  it  may  be  taken 
as  conclusiv(!ly  pruvid  tltat  the  earlwhydrate  of  the  fooii  inay  be  converted 
into  fat.  The  same  fact  may  be  shown  by  balance  experiiueuts,  in  which, 
with  nilrogenous  equilibriiun,  there  is  carbon  tlisappearance  in  the  fiesta, 
showing  that  carbon  m  stored  in  the  body  in  quantity  more  than  to  he 
acc:(>utit4?d  for  by  the  carbon  of  the  proteid  metaboli.ned ;  such  laid  up  carbon 
must  be  mainly  stored  an  fat.*  Xor  is  thLs  formation  of  fat  from  carbohy- 
drate by  any  means  a  unique  phenomenon  in  the  organic  world.  As  we  have 
seen,  it  occurs  in  plaut^s  in  the  seeds  of  which  fat  is  deposited  at  the  expense 
of  sugar  or  starch ;  and  in  the  process  of  fermentation  of  sugar,  acids  of  the 

1  Hemaun's  '*  llaiidhudi,"  1882,  Bd.  vi,  S.  251  to  260. 

^Ti\t  very  ininieroiis  arigiiial  experiments  by  these  observers,  whieb  were  begun  in 
1847  in  the  private  experimiMital  agricnltiiral  station  at  Rothamstead,  are  described  in 
the  following  among,Ht  other  publications : — lUp.  Brii,  Ass.  Adv.  Se,^  London,  1S52  sad 
1854  ;  Jouni.  limf.  Apk,  Soc.  En<j.,  London,  1849,  1851,  1852,  1863,  1855,  aimI  I860; 
PhlL  Trmts,,  London,  1859  ;  *Sciefii.  FriK.  Jloij.  Dublin  Soc.,  1864  ;  Ltrnd^m,  Sdinburyhf  and 
Dnhlin  Phil.  Mag.^  London,  1866  ;  Journ,  Jnat.  and  Phym'oL,  London,  1877.  An  excellent 
historical  and  critical  account  of  the  part  tiiken  by  the  various  foodstuffs  in  the  met&bolk 
]>roceii>**s  of  the  aninjal  economy  is  given  by  the  Haiiie  authors  in  Jqutju  Jloti.  Agric,  Soe^ 
£tiff.,  London,  lh95,  Ser.  3,  voh  vi.  pj*.  47-141, 

^Soxblet,  Ztifchr.  d.  Lm\du\  Vt  reins  in  Bay  em,  1881  ;  B.  Schultre  (g«epe),  Lamdm, 
JaJirh.,  1882  ;  Tscherwinsky,  Landw.  VersurhsL,  Berlin,  1883,  Bd.  nxix,  S.  317-  (Tb««* 
are  qiiot*id  from  Neunidsterp  **  T^bibiich/'  S.  368.)  See  also  Chftniewtki  (geeae^ 
Ztschr.  f.  Biol.,  Miinehen,  1884,  Bd.  li.  8.  179;  C,  Y oit,  m^wnff^b.  d,  k.^bttyer,  Akad. 
d,  IFitsenacJi,  zti  Mtincken,  1885,  S.  28S  ;  Meissl,  .Strohnier,  unrt  ▼.  Lorenx  (pig),  ZUtMr. 
/.  Biot.,  Miinchen,  1886,  Bd.  xxii.  S.  6^  ;  L  Munk  (dog),  rirchmff's  Arehir,  1886.  Bd. 
d.  a  91  ;  Kulioer  (dog),  Zttehr.  f.  Biol.,  Miimhen,  1886,  Brl.  xxii,  8,  272. 

*  Meissl  and  Strobnier,  Mtyuiiish,/.  Ch^^m.,  Wien,  1883,  Bil.  iv.  a  801  :  SUtmmffA,  d.k. 
Akad.  d.  Jflssennch.,  Wien,  18S3,  Bd.  Ixxxviii. ;  and  Ztschr,  /.  Bial.^  MUnchen,  19W, 
loc,  cU,  ;  Eubner,  toe.  cii. 
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fatty  series  are  formeil.  Antl  although  it  is  not  easy  at  first  sight  to 
understand,  from  a  clieinkuil  point  of  view,  how  ciirbo]iytlnito  molecules  are 
transformed  into  fatty  molecules,  we  arc  not  obliged  to  assume  direct  tmuB- 
formation,  for  it  may  well  l>e  that  the  carbcthyd rates  are  broken  down  into 
comparatively  simple  compounds^  and  that  these  are  built  up  again  by  the 
organism  into  fat 

The  observations  of  Hanriot,  with  Richet,^  furnish  intlLrect  evidence  of  the 
transformation  of  carbohydrate  into  fat*  These  observers  found  thatj  with  the 
administration  of  carbohydrate  food,  there  is  a  greatly  increased  outimt  of 
carbon  dioxide  without  a  correspmiiing  increase  of  oxygen  intake.  This  fact 
may  be  explained^  according  to  Haririot,  by  a  transformation  of  carbohydrate 
into  fat,*'  in  conformity  with  such  an  equation  as  the  following :— 

I3(C,U,,UJ  =  C,JI,„0„  +  23{CO,)  +  26{H,( ») 

(rit<KJ-«tt?aro- 
palinitin) 

At©  fats  formed  ftrom  the  proteids  of  the  food  9^ — This  is  a  question 
whit^h  waft  f(>r  many  years  held  to  have  been  settled  by  the  experimenta 
of  Fettenkofer  and  Voit,  and  ^ubseciueiitly  of  Voit^  The8e  observers 
found  that  if  a  dug  is  kept  iu  a  respiration  ehainber,  and  fed  entirely  on 
lean  meat,  all  the  ingL-wta  and  egewta  of  the  body  beiit^  carefully  deter- 
mined and  analysed,  a  comparison  of  the  resnits  hIiows  clearly  that  in 
many  cases  c^irbnn  of  the  proteid  is  retained  within  the  body,  and  is 
presuTnably  in  the  form  of  fat,  the  amount  of  fat  and  carbohydrate  in 
the  food  being  altogether  Um  Huiall  U\  NUppose  that  the  earbon  laid  by 
could  have  been  derived  from  anything  but  the  ju^oteids  of  the  forwb 
Moreover,  proteid  footl  increases  the  amount  of  fat  in  the  milk  of 
Buckling  animals,  and  a  latch  fed  upon  lean  meat  may  produce  much 
more  fat  in  her  milk  than  can  be  aceounted  for  by  the  fat  and  carljo- 
hydrates  of  the  food — prmluces,  indeed,  milk  especially  rich  in  fat,  when 
fed  exeluBively  on  lean  meat.^ 

In  eonfh'mation  of  observations  of  tliis  kind  have  lieen  adduced  the 
BtatemontH  that  the  milk  of  suckling  animak  and  of  nurHing  women 
is  richer  in  cream  in  proportion  tu  the  aninunt  of  ]iroteid  taken  in  tlie 
diet ;  that  fat  becomes  formed  in  large  amount  by  the  lar^^te  of  blow- 
flies, which  are  fed  upon  dehbrinated  blofRl,  containing  only  very  small 
quantities  of  non-]>roteid  organic  material;^  that  in  the  ripening  of 
chee^iie  there  is  a  diminishing  auirmnt  of  proteid,  and  an  increasing 
amount  of  fat;*^  and  that  in  the  forrjiatinn  of  adipiieorc  from  flesh,  there 
18  found  a  diminished  auioimt  of  proteids,  and  an  inereased  amount  of 
fatty  aeids7     Tlie  formation  of  fat  in  tlie  liver  and  tissues  of  a  starving 

*  Compt.  rend.  A  tad,  ft  «•. ,  Paris,  18&2,  tome  cxiv.  p.  371. 
'  Cf.  also  Gantier,  ibid. ,  p.  374. 

*Ann.d,  Chan,  u.  Pharm.,  1862,  SupiiL  Hd.  S,  TpS  ami  3t>l  ;  Zischr.  f,  Biol., 
MUiichen,  1869,  lUb  v.  ;  alsu  1S70  and  1871,  Ikie.  vi.  aiid  vii.  ;  art.  '*  Erirnhmng,"  in 
Hormami'H  *'HHnaiinf'Ii/'  Bd.  vi.  S.  249. 

*  Ssubotin^  Firchow's  Jn-hiv,  18Hti,  Hd.  xxxv,  S.  501  ;  and  (*entraihL  f.  d.  mtA.  Wi§S' 
en$eh.^  Herhii,  1866,  S,  3'i7  ;  Koiiihh  rich,  ihid,,  S.  4B7,  Both  Sstilmtin  mid  Kerniuericli 
worked  with  Flhtgwr.     *Sti«  alsu  Vfiit,  ZtAckr.  f.  BvjL,  Mitnclicti,  imsi,  Bil.  v.  8.  137. 

"Fr.  Hornjamj,  ZUchn  f.  Bird.,  Mumihmx,  1872,  Hd.  viii.  8,  M^^, 

*  See  oil  the  diaugiUM  aHVOiiijmnyiiJg  tlif  rij^eiiiug  of  eliet'HP,  ^lit'lH-rj  Jfjurti*  f\  praki, 
Vhem.,  Ijoi[>zig,  I88t>,  N.  K. ,  Hd.  xxi.  S.  203;  JaooUiitbal,  Arch,  f,  d.  ges,  Phydol.^  B^iiin, 
1893,  lid.  liv;  S.  484. 

^  Lehman  n  [Silzumjsh,  d.  phij^-mol,  Ofst-ilfch,  m  inirJmnj,  188.^j,  8.  19)  lihtaiTwl  nn 
increase  of  fatty  at-'idn  to  tin'  extent  of  ii"7  pi'r  rfiit.  in  niiml  k«pt  in  running  water  for  Home 
niontba.  E.  \  aii  {MUfirfuji.  ificd,  IVchim-hr.,  1888ji>.  filS)gotan  iiicrpasc  of  2  \^t  cent, 
when  it  was  kept  in  milk  uf  liniCf  thuB  excluding  fungi. 
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animal  poisoned  by  phosphorus  ^  also  affords  strong  presumption  of  the 
conversion  of  proteid  into  fat.  The  fact  that  in  the  disposition  of  fat  in 
embryonic  adipose  ti.'^sne  the  fatty  globules  are  preceded  by  albuminous 
granules  may  also  lie  given  as  evidence  in  tlie  same  direction. 

So  imjjortaut  did  the  extent  of  such  formation  of  fat  from  proteid 
appear  to  Yoifc,  that  he  endeavoured,  as  already  stated,  to  account  for  the 
fattening  qualities  of  carbohydrate  food  by  eupjiosing  tliat  it  mainly 
acts  by  sparing  the  oxidation  of  the  proteids  (and  fats),  thus  allowing  a 
larger  amount  of  these  to  be  trausformed  into  body-fat*^  In  support  of 
his  views,  be  pointed  out  that  if  the  proteid  molecule  is  supposed  to  be 
split  up,  and  a  portion  lie  removed  in  combination  with  the  nitrogen 
as  urea,  the  carbon,  oxygen,  and  hydrogen  which  i^main  are  not  very 
lUffeient  from  the  proprjrtion  of  these  elements  which  would  \m  neces- 
sary for  the  formation  of  fat-  It  w^as  indeed  ealeulate<l  by  Henneberg* 
that  51  "4  per  cent,  of  proteid  tiiken  a^  food  might,  umler  the  must 
favourable  circumstanceSj  be  supposed  to  l>e  ctuivcrted  into  fat,  Knbner, 
however,  has  sluiwn  that  this  estimate  is  too  high,  lie  calculates  that 
the  utmost  amount  which  couhl  be  converted  into  fat  would  l>e  about 
46  "9  per  cenL 

The  vie%v  that  the  fat  ol  tlie  body  is  exrlmimiy  dirivrd  from  the  pro- 
teid of  tlie  food  is,  however,  no  longer  held  by  any  physioliigists,  and  Voit 
has  himself  shown  that  it  must  in  some  circumstances  he  rlerived  from 
carbohydrate>  The  above  view  cannot,  indeed,  l>e  lielil,  if  we  accept,  ae 
we  undoubtedly  must,  the  conclusions  to  be  drawn  from  experiments  like 
those  of  Lawes  and  ( Hlbert,  These  experiments  do  not  by  any  means 
exclude  the  formation  of  fat  from  proteid,  but  ilo  exclude  the  possibility 
of  its  Idling  formed  entirely  froiu  proteid,  and  not  from  any  other  article 
of  diet.  That  a  certain  amount  of  protei<l  is  necessary  to  be  added  ta  the 
diet  of  a  fattening  or  suckling  animal  is  a  matter  of  everyday  exp>eri- 
ence ;  but  it  does  not  seem  to  be  necessary  that  this  proteid  should  be 
greatly  in  excess  of  that  which  is  necessar}'  to  make  up  for  the  proteid 
lost  from  the  tissues,  or,  in  the  case  of  the  suckling  aniraal,  for  that  also 
which  appears  as  caseinogen  in  the  milk.  If,  huwever,  the  amount  of 
proteid  in  tlic  f<xid  is  too  much  decreased,  tliere  is  more  call  upon  the 
carbohydrates  and  fats  of  the  food  for  the  immediate  production  of 
energy,  and  as  a  residt  thei^  will  be  less  of  these  to  be  transformed  into  fat 

'  Storch,  abstn  m  IkuMit^  Arch.  f.  Mm.  Med.,  Leipzig,  tS67,  Bd.  ii.  S.  264  ;  B«iier, 
ZUttJir.  /  BM.,  Mmidn-n,  1871,  M.  vii.  8.  63  ;  ibid.,  1878p  Rd.  xi?.  S,  527  ;  CaMoeave, 
Hev,  mcitji.  dc  vitd,  et  cA/r.,  Parist  1^S0»  Umie  iv.  pp,  26fi  and  444  ;  Stolnikoff*  Arek,/* 
Physitff.,  Ltii\*£h^,  18S7,  Supitl.  iS.  1.  Hauer  found  in  a  fasting  dog,  to  which  plio^pborushAd 
been  ad  mini  si*!  red,  as  ninch  as  42  per  cent  of  fat  in  the  mitscles,  and  30  in  th**  dry  Hvcr 
BubstnntT,  aa  against  16  7  in  the  dihscIph  ami  10  \t^T  cent*  in  the  liver  of  control  dogs.  The 
Tiitrfigen  excrctid  is  at  the  same  limti  i^reatly  increased^  thiJi  also  pointing  toiDcre&sod  met*- 
Indism  of  prot^id^  while  thtno  h  at  the  same  time  a  diminishe<c]  excretion  of  carlwn  dioxide, 
and  correspondingly  loss  oxygen  taken  in.  A  similar  formation  of  fat  from  proteid  in 
nhosphorua  poison itig  has  been  shown  by  Leo  [Ztachr.  J\  physioi.  Ckein.,  Strassbui^,  18S5, 
lifi»  ix.  S.  -tB'})  tn  orenr  m  fvoga.  On  the  other  hand,  l^hede^  {Arch,  /.  d.  grs.  Fh^fmol^, 
Bonn,  1883,  lid.  xxxi.  S.  11)  found  in  dngs  which  had  prfvionsly  heen  fed  with  Uoieed  oU, 
that  tho  fat  in  the  liver  ctlls,  whiyh  was  farmed  after  atl  ministration  of  phoephoras,  bftd 
the  .same  rbara^t'T?*  an  that  which  had  been  laid  on  in  the  adifnise  tissue ;  thtia  indi(»tiii^ 
a  traiisfercriot^  of  fat  to  the  liver  rather  than  its  formation  there  from  proteid.  SIoIqiIeov 
found  in  froths,  after  extirjwition  of  the  *'  fat-luwiy,"  that  the  liver  became  enlarged,  and  ht 
aeonnuilated  in  it  nnder  uunditiuns  uf  both  carbohydrate  and  proteid  nutriment,  ctcu  mitk- 
out  the  addition  of  ]diospbortiH  to  the  diet, 

^  For  fnrthf^r  xiftJiil8  of  the  evidence  in  favour  of  this  view,  see  Voit/ in  Hemianti*! 
*'H!inabodi,     B<L  vi.  S.  24^-251. 

'  t^Hiotixl  by  Voit,  Art.  in  Hermann "n  "Haudbuch."  S.  250. 

*  Biol.  CetUraiU.,  Krlangeu,  1886-7,  Bd.  vL  S.  24». 
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That  fat  is  fornie<l  from  proU^til^  altliouf^li  imt  in  the  exclusive  form  in 
which  Voit  at  one  tone  wa.s  *lisposei]  to  a.*^ertj  has  been  ahiiowt  imiversally 
accepted  by  pliysioIo^H^t^ ;  but  thin  view  has  hecn  fitremiously  attiicked  of  late 
by  Pflu^er^  who  has  t^iticised  the  concluyioiis  drawn  hy  Yoit  from  hivS  oxperi- 
ments  of  focdiii^nlogs  njion  nieiit,  and  has  shown  tliat  in  all  prohabihty  the  meat 
employed  eon Uiined  suHii'ient  fat  to  account  for  the  fat  laiilon  in  the  lx>dy  with- 
out supposing  this  to  have  been  dt-rived  fDun  proteiii.  In  a  dog  kept  by  himself 
and  fed  iip>n  a  large  quantity  iA  nit?at  containing  the  least  possible  fat,  no  fat 
whatever  apjieared  t*o  he  laid  on ;  but  what  was  originally  present  disappeared, 
80  that  the  dog,  a!thoogh  niui^cular  and  capable  (tf  perfonaing  f^evere  work, 
wa«  reduced  to  a  condition  of  extreme  leanness.  Ptliiger  is  therefore  dis^posed 
to  deny  altngether  the  formation  of  fat  in  the  animal  iMidy  from  |>roteid,*  and 
considers  that  its  sources  ^tre  to  lie  looked  for  exclusivel}'  in  tlie  fats  and 
earbobydmtes  of  the  ffiod.^ 

In  this  it  would  appear  probable  that  rfliigcr  has  gone  as  much  to 
the  one  extr^/me  as  Voit  originally  went  \a\  tlie  (»ther.  It  is  unrjuestionable 
that  certain  forms  of  bioplasm  are  e;t[>able  of  transftjruiing  |uYiteid  into  fat 
(jis  in  the  instances  cited  i>n  p,  tK33).  This  is,  in  faet,  admilted  by  Pfliiger,  who, 
howe\'cr,  contends  tlmt  ive  have  no  right  to  a^ssinne  tljiit  other  forms  of 
biopltism^  sucli  as  that  of  the  cells  of  the  higher  animals,  possess  the  same 
power.  He  is  disposetl  to  regard  the  change  as  due  in  all  the  cases  cited  to 
the  action  of  bacteria  and  fungi,  such  fis  would  undoubtedly  be  present  iu 
ripening  cheese,  in  putrefying  lil^od,  in  putrefying  tlesh,  and  the  like.  But  it 
has  been  shown  that  in  llesh  kcjd  in  milk  of  liine,  and  th«ref<>re  under  con- 
ditions unfavoural>le  to  the  gnnvth  nf  l>iicteria,  fatty  aciils  are  still  found  tfi  a 
Bmall  extent,  at  the  expense  of  the  prnteid;  and  the  produclinii  wi  fatty  degenera- 
tion in  the  cells  of  starved  animals,  to  wliich  j>hospb*trus  has  been  ailminis- 
tered,  is  strong  evidence  in  favour  <jf  their  possessing  sueh  a  |»ower  of  forTuing 
fat  from  proteiil;  these,  taken  in  n>njuncti«jn  with  the  nimierous  other  instancea 
which  have  heun  cited,  apjie^r  to  indirate  that  tliis  ]«owcr  of  forming  fat 
from  proteid  is  a  general  pmpmty  of  bioplasm. 

As  regarils  the  ultimate  fate  of  fjit,  there  seems  \u  he  no  doubt  that  it 
becomes  oxidised  into  i  arhun  dioxide  and  water,  thus  ^iroducing  energy  which 
may  take  the  form  of  either  heat  or  work,  and  that  this  oxidation  takes  place 
rnaiidy  in  the  muscular  tissue. 

Action  of  the  liver  in  connection  with  the  metaboliain  of  fats. — 
Very  little  is  known  on  this  rpH'stion  Ijeyond  the  fact  that,  under  eertiiiti 
ctrcum stances,  there  is  a  cutis iderable  aceuinidatiuii  of  fat  in  the  liver 
cells.  This  has  been  held  by  Pavy  *  It*  indicate  tlie  correctness  of  !iis 
view,  that  fat  may  be  foniied  botli  in  the  liver  and  elsewhere  by  the 
direct  tranHfr>rin;itinn  nf  glycogen,  l^ut  it  has  not  beeti  Rhovvn  tlmt  the 
glycogen  and  fat  have  any  vicarious  ndation  tu  one  another;  indeed,  the 
contrary  was  found  to  be  the  c<ise  by  Langley  ^  uiiil  by  Noel  Paton.^ 
Nevertheless,  Faton's  experitnents  show  a  marked  increase  in  the  fatty 

^  ArcKf,  rf.  ijfM.  Phijxif^,,  Bonn,  18fl2,  Bi],  li,  S.  229  ;  ihuL,  1802,  Bd  hi,  S.  1  and  239, 
'  Kamagawn  niKl  Ivanedji,  Mitth.  ft.  fL  m^/f.  Far,  iL  LJajK  /  Vo^i'. ,  Tolcio,  1894,  Bd,  iii, 
(ftlMitr.  in  CtnimJhL  f,  linftioL^  Lfin/ij^  a.  Wiiii,  ISSllfi,  S.  7*il),  \vt  ro  alao  anriblc  to  ol}taia 
evidcTitie  of  JUt  Inrauitif^a  iu  doi^n  M  n\»m  tniMi  run.HiHlin;^  iitniont  f^xi^lnsivi'ly  ot  proteid, 

*  For  a  n  (ilv  tn  t'llU^tTH  t'litirisms,  h*'v  K.  Voit,  Mitwlifn.  vvaL  fi'chnMhr.y  1892, 
S.  4t50,  aiid^/.Hi:Ar./.  Uiof.^  Miinutic^u,  l^'M,  lid,  xxxii.  .S.  i;i9;  also  Crtiii«r,  ibid,,  1897, 
S,  SIL  PHti|j*'r's  answer  to  thi'su  in  iu  Avh.  f.  ti,  fjtfi,  Phjfinw/.,  Bnjui,  1807,  li.  Ixviii. 
S.  176,  St-fubooii  this  Mih|i'ct.  I.  Miuik.  Arch./,  d,  yen,  PhyHwi,  Ikmri,  1804,  Ud.  Iviii. 
S.  309  :  aIko  Ikrf.  ktiti.   IVchnschr,,  LS89,  No,  D, 

^  *•  Physiology  of  Carbohydratta/'  p.  *J58. 

*  Pfftc.  Jioif.  SffC.  Lttiidmi,  1882,  Vf«l.  xxxiv.  \y.  20  ;  and  1SS5,  vd.  xxxix,  \k  234. 

^  Jmtni,  PhtjswL,  rarnl«ndgu  and  Londfni,  ISfHtj,  voL  xix,  p.  Ifl7.  Liiii^lfy'.s  statc- 
luciita  are  loim<Jed  \\\nm  iiiicrui*t'o|>ioal  4dKsir  vat  ions  (in  tlifj  frog) ;  Pntrni's,  tipoii  chemical 
evidence. 
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acids  of  the  liver  of  the  rabbit  at  a  period  after  food  when  the  glycogen 
is  diminishing,  and  he  concludes  that  they  may  have  l)een  formed  from 
the  glycogen.^  Langley-  has  shown  that  in  frogs  there  is  a  gradual 
accumulation  of  fat  in  the  liver,  chietiy  in  the  outer  zones  of  the  cells, 
during  the  winter  montha,  a  time  during  which  the  glycogen  is  also 
gi-adnally  increasing;  and,  farther,  that  both  the  liver  fat  and  glycogen 
tend  to  diminish  on  warming  the  animals  in  winter.  The  glycogen 
becomes  rapidly  used  np  in  the  spring,  and  this  is  also  the  case  with 
the  fat.  Paton  found  (in  pigeons)  that  the  liver  fat  did  not  appreciably 
diminish  as  the  result  of  a  four  days'  fast.  Taken  by  itself,  the  presence 
of  fat  in  the  hepatic  cells  merely  indicates  that  these  cells  may  act  as  a 
temporary  Btorehouse  for  fat.  Whetlier  such  fat  has  been  formed  by 
them  from  carbohydrate  or  proteid,  or  whether  it  is  directly  derived 
from  the  fat  of  the  food,  and  is  in  process  of  traueformation  in  the 
liver  cells  into  a  fat  more  intimately  allied  to  the  fat  of  the  body,  are 
points  which  have  not  yet  l>een  determined,  but  the  latter  supposition 
appears  the  more  probable ;  for  excess  of  fat  in  the  food  is  certainly 
largely  stored  in  the  liver  cells.^  And  it  has  been  noticed  by  Ijebedeff,* 
and  this  observation  is  confirmed  by  Pa  ton  ,^  that  the  fats  of  the  liver 
contain  less  oleic  acid,  aud  have  a  higher  melting  point,  than  those  of 
the  body  generally.  Moreover,  as  Hofmann  showed,**  there  is  a  higher 
proportiou  of  free  fatty  acids  in  the  liver,  pointing,  according  to  Nasse, 
to  an  active  metabolism  of  fats  in  that  organJ  Lebedeff®  found  in 
geese  which  had  been  fed  for  six  weeks  upon  peas,  which  are  rich  in 
proteid  but  contain  very  little  fat,  that  the  liver,  although  containing 
much  lecithin,  hail  no  fat ;  and  that  the  fat  of  the  omentum  was  also 
only  present  in  small  amounL  A  large  amount  of  proteid  in  the  diet 
of  rabbits  and  kittens  was  found  by  Paton  not  to  lead  to  any  accumula- 
tion of  fat  in  the  liver.^ 

^  According  to  Paton,  nearly  one-half  of  tlte  fatty  acida  of  the  liver  are  in  rombinatioti 
with  lecithin.  See  also  Kcffter,  Arch,  f.  tzpcr.  Pttth.  n,  Phormakof^^  Lctjmg,  1891,  Bd, 
xxviii.  S.  &7  ;  and  Stoluikoiv,  Ardi. /.  liiysioL,  Lei]!Zig,  1B87,  S^rpl.  Heft,  S,  h 

^  Loc.  cit. 

*  Paton,  loc.  ciL,  p.  202. 

*  Zhchr.f.  phj/smi.  Ch^m,,  Strasshurg,  1882,  Bd.  ri  S.  139. 

*  Lnc.  eitf  p.  I7i). 

^  Bcitn  J,  Physiol.  C.  Lifdmgz,  s.  70,  Gefmrfsi.,  I#eipzi^,  8.  134. 

"^  Bioi,  CentraJbL,  Erlatigen,  1886-7,  M.  \l  S,  'i3.^.. 

■  Loc,  eU,  "  Lof.  cit,f  p.  211. 
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THE  INFLUENCE  OF  THE  DUCTLESS  GLANDS  UPON 
METABOLISM— INTERNAL  SECRETIONS,^ 

By  E.  a.  Schafer, 

OOHTSHTS  •— Introductorvi  p.  037— The  Thyroid  Gland,  p.  938— Tlie  Pituitary  Body, 
p.  945 — The  Siipnircnal  Capsule?,  p.  946— The  Spleen,  p.  959. 

Cektain  organs  of  the  boily  have  a  special  iiiHueiK^e  upon  some  of  the 
metabolic  proeesses  of  the  liociy.  Thus  the  liver  fultilti  iiniwrtant 
sjjerial  functions  in  connection  with  the  nietabolii^ni  of  carbohydrates 
and  proteida,  and  of  those  organic  eoni pounds  which  einitain  iron ; 
the  pancreas  has  an  obscure  but  absolutely  essential  function  in  con- 
nection with  carhohydrate  nietabnlism ;  and  i  enioval  of  a  kr^e  portion 
of  tlie  kidneys  has  licen  shown  by  liradford  to  produce  a  large  increase 
in  the  protei*!  waste  of  the  tissues.^  It  is  also  a  matter  of  common 
knowle<lge  that  removal  of  the  ovaries  or  testicles  may  produce 
profound  nioditications  in  the  development  of  other  organs,  and  in  the 
general  nutrition  of  the  body.  In  the  case  of  the  [wincreas  (and  perhaps 
in  that  of  the  kidney)  it  is  by  no  means  improbalde  that  the  gland 
yields  to  the  blood  srjme  material  which  intliicnces  the  car buh yd  rate 
(and  nitrogenous)  metaliolism  of  other  tissues.  In  tlie  case  of  the 
generative  glands  this  k  t>crhaps  less  probable :  it  is  on  the  whole 
more  likely  that  these  react  upon  the  rest  *>f  the  organism  tljrough  the 
nervous  system.  Numerous  olrservations  have  of  late  been  published, 
commencing  with  those  uf  Hrown-Srquard,  which  have  seemed  to  indicate 
that  extracts  of  or  the  expressed  juices  c>f  these  glands  ])roduce,  when 
injected  hypodermically,  lietiehcial  eHects  upon  thenerviiuHaudniUHCular 
Bystems,  but  it  is  not  clear  that  this  property  is  not  shared  l»y  other 
organs  rich  in  nuclein.  Watery  extracts  or  decoctions  of  the  generative 
glanils  have  very  uuich  the  same  action,  if  injected  into  a  vein,  as  have 
extracts  of  other  glands.  In  addition  to  the  above  instances,  there  are 
certain  organs  of  a  glandular  structure,  but  destitute  of  ducts,  which 
yield  to  the  bhux!  suljsUances,  winch  are  in  some  cases  at  least 
absolutely  essential  tn  the  due  nutrition  of  the  body,  so  tliat  the  results 
of  the  complete  removal  of  these  organs  is  inevitably  fatal.  These 
flubstances  are  no  doubt  formed  by  a  process  of  secretion,  but  since  they 
do  not  find  their  way  to  any  free  surface  by  lueans   of    a  duct,  but 

*  The  anhstanfe  of  this  clianter  was  nnginally  ^ivtui  in  thr  form  of  an  address  to  the 
Britiflh  Medical  Asaociiitiojit  ami  was  eidilisbcd  iti  tlif  Untislt  Mfdical  Jtmrttnl  lor  Auplst 
10,  189^.  For  the  ]>urf>osa*i  of  tliis  hook  it  ha"*  been  canfidly  editcfl  and  many  iwitlitiona 
have  b«^ti  made  to  it  ;   references  to  literature  have  also  been  apj*nele<h 

^  Pi'oc.  Roif,  HiK.  Liffuhm,  189^.  vol,  li.  These  nsearrht-H  u^  Urailfonl  havu  already 
lieen  notieud  in  a  previoun  artii  le  (p.  65tj).  Heealso  HeytT,  Arch,  tk  phi/ f ml.  tmnn.  d  paih.^ 
P«ris,  1891,  p,  m. 
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presumably  reach  the  blood  by  meJins  of  the  lymphatics  or  blood  vessels 
of  the  organ,  they  have  been  termed  ''  internal  secretions."^ 

The  Internal  Seceetion  of  the  TiiYitoiD  Glakd. 

The  first  internal  secretion  wliich  may  be  considered  is  tliat  of  the 
thyroid  gland.  That  the  th}Toid  is  a  secreting  gland  no  one  who 
studies  its  structvn*e  and  its  mode  of  develojmient  can  well  doubt; 
except  that  it  is  inipruvided  in  the  adidt  state  with  a  duet,  it  has  all 
the  features  of  structure  of  secreting  glands.  It  is  formed  of  alveoli 
which  are  lined  by  epithelial  cells ;  and  altliough  these  cells  liave  not 
been  obsen'ed  to  exhiljit  changes  characteristic  of  secretory  activity 
BO  marked  as  ttioae  which  iiave  liceu  nuticed  under  like  circiunstances 
in  the  cells  of  ordinary  glands,^  we  can  oljserve  the  secreted  material 
witlnn  the  vesicles  of  tlie  thyroid  in  the  form  of  the  sulmtance  known 
as  '*  colloid.'*  Various  attempts  have  been  made  to  isolate  the  active 
ju'inciple  of  the  secretimi ;  these  are  referred  to  in  a  previous  article,* 
Acci>rding  to  Drechsel,*  there  is  proliably  more  than  fine  active  substance, 
and  the  secretion  may  subserve  more  than  one  essential  function.^ 

The  gland  is  extremely  vascular  and  very  richly  provided  with 
nerves,  and  lioth  blood  vessels  and  nerves  come  into  very  close  relation* 
ship  with  the  secreting  epithelium.  The  gland uhir  structure  of  the 
thyroid  is  more  obvious  in  young  than  in  old  animals,  and  as  age 
advances,  as  has  been  sliown  by  Hale  White®  and  others,  the  organ 
undergoes  a  gradual  ]*roce8s  of  degeneration,  so  that  in  advanced  age  its 
normal  glandidar  structure  can  mdy  with  difficulty  l>e  recognised. 

Effecte  of  ablation  and  disease,  ^ — As  long  ago  as  1850,  ISchill*^  found 
that  extirjiatiou  of  the  th}Toid  in  dogs  is  invariably  followeil  by  a  fatal 
result.  This  observation,  important  as  it  now  seems,  fell  ff>r  many 
years  into  oblivion,  and  it  was  not  until  clinical  oliservations  had  again 
pointed  to  the  impcutance  of  the  gland  that  Schiff's  experiments  were 
remembered.  It  has  indeed  long  been  recognised  that  extensive 
disetise  of  the  thyroid,  such  as  occurs  in  advance^l  forma  of  goitre, 
are  accompanied  by  a  swollen  apjiearance  of  the  integument,  giving  a 
niis8ha]ten  aspect  to  tlie  featnres  and  to  the  extremities^,  and  leading  to 
an  idiotic  or  semi-idiotic  condition,  which  is  known  as  cretinism.  In 
1873,  Gull®  described  a  series  of  symptoms,  and  especially  a  condition 
of  the  integumental  c*mnective  tissue,  similar  to  that  which  is  met 
with  in  cretins,  the  name  ''  myxo.^dema  "  being  subsequently  given  to 
it,  Ijecause  it  was  believed  to  be  an  cedemato\i8  condition  charac- 
terised by  the  presence  of  a  large  amonnt  of  lunciu.  That  there  is  an 
excess  of  mucin  over  that  in  ordinary  connective  tissue  has  been  shown 

^  In  one  seiiso  nil  th«  tissues  ntul  nrj^ittis  of  the  body  form  intemal  seewtioti*,  for  they*]) 
pass  into  the  blncni  material  wliicli  have  been  foiujeti  as  frrorlucts  of  their  tneU< 
bolism. 

'^  Hiirthk,  Arch,  /  r/.  fjts.  PhysioL,  Uoiin,  1894,  Bfl.  Ivi.  S.  1  ;  Anderaon,  ArcK.  / 
An4iLn.  EiUudluffSf/f'*ch.^  L(Ji[J^i^^  1894,  8.  177;  Schmidt,  Arch.  /  mikr.  AnaL,  Bomi^ 
I81H),  nd.  xlvii.  S.  I'si  ;  tJaliotti,  ihul,,  lU.  xlviii.  S.  305. 

*  Hjillibnrlou,  ^*  UlipniiNtry  of  the  Tissuea  aod  Organs/'  p.  B8, 

*  Cenfm/hL  f,  Phmol,,  Le\\m^  u.  Wien,  1895,  S.  705. 

J^Cr.  aliio  Nutkiin  Virrhow'$  Arthiv,  \mn,  Snppl.  BtL  csli\\  S,  224;  Hutrbiaoo. 
Jmiru,  Fhifxiof.,  (/amhiidge  and  London,  18V*6,  vol.  xx,  p.  474. 

*  Lmtrrf,  handmu  INSH,  vol.  i.  v.  r.21. 

"^  "  I'ntcrsnch,  n.  die  Ziickcrbihiutig,"  Wtirdmrgj  1859. 

«  Tran^.  Clin.  ,Soc.  Ltmdon,  October  24,  1873  (iii  vttl  vii.,  1874). 
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by  the  analyees  of  ITalliljurton  ;  ^  but  not  to  the  extent  lielieved  when 
the  term  myxcBtleiaa  was  applied  to  thi8  contlitiou.  Nor  is  tlie  condi- 
tion really  one  of  oedema,  but  rather  of  hyperplasia  of  the  connective 
tissue,  which  becoiuea  altered,  asRuming  a  more  embryonic  cliaracter, 
hence  it-s  richnesa  in  mucin  (see  note  1,  p.  942).  The  connection  of 
rayxcedema  with  affections  of  the  thyroid  was  first  recognised  by  Ord  ^ 
in  1878 — an  obser^^ation  which  has  since  been  aliundantly  confirmed. 
In  1882,  J.  L.  Keverdin  ^  described  the  syniptoniK  which  follow  com- 
plete removal  of  the  thymid  body  for  goitre  in  man,  and  recogrdsed 
the^e  symptonis  as  identical  with  thnne  of  the  dieeaBe  which  had  been 
described  under  the  name  of  myxcedema ;  he  accordingly  termed 
the  collection  of  symptoms  "operative  myxcpdema/*^  The  results  of 
Eeverdin  were  Hpcedily  followed  h^  those  of  Kocher,  who  describcil,  in 
a  large  nund>er  of  eases,  similar  symptnms  as  following  entire  removal 
of  the  thyroid  in  ]nan.^  Kocbcr  puintcd  out  that  the  eflects  arc  most 
marked  in  young  subjects,  and  that  they  may  not  occur  at  all  or 
be  little  manifest  as  age  advances.  These  observations  of  Eeverdin 
and  Kocher  led  to  a  renewal  of  his  former  experiioents  by  SchiH,**  who 
in  1884  publislied  the  results  of  sixty  tiiyroidectonnes  npon  dugs,  in  all 
of  w^hich  the  result  was  speedily  fatal,'  the  operation  Ijeing  <pnckly 
followed  by  the  su]iervention  of  symptoms — tremors,  spasms,  and 
convulsions — which  seemed  tn  point  to  a  serious  derangenuMit  in  the 
nutrition  of  the  central  nervous  system.^  Sebiff  also  discovered  tiie 
fact  tliat  the  symptoius  are  jjievented  by  a  luevious  graft  of  a  portion 
of  the  gland  beneath  the  skin  or  into  the  peritoneal  cavity. 

Dogs  do  not  show  the  swxdlen  ctmditimi  of  the  connective  tissues 
which  is  a  characteriBtic  feature  after  thyroidectomy  in  man ;  this 
appears  to  be  due  to  the  fact  that  in  them  a  fatal  result  usually  occui-s 
too  rapidly  to  allow  of  the  development  of  the  so-called  "  myxo^dema/' 
They  are  liable,  amongst  other  symjitoms,  to  a  form  of  conjunctivitis 

*  Ttaiut.  Clin.  S*>c.  lAmdon,  1888,  voL  xxi.  8ui»|tL;  Jonnh  Puih,  and  BackrioL,  EcJiii. 
and  London,  IS  1+2. 

^Mtd.-VhiT.  Tfitn.'i.,  Lojiclon,  ]878.  8fie  hI.so  Hn^ltJeii,  Brain,  LomloB,  1883,  p.  193, 
ftnd  S.  Mackeiixit',  Trans.  Clin.  Sot.  Limdfm,  18S8  (Reportof  CoTiiTiiitt<?G  on  Myxncltum),  for 
AH  account  of  the  symptoms  of  iin  xMnlewia  in  llie  Imniaii  subject.  For  a  very  ftiU  biblio^trapliy 
of  obserrations  on  t\\v  iXiynntl  aijfl  its  coiiiu'ctioii  with  iny.\tptit'nm,  Hce  Oixl,  in  Allbutf  s 
**Sv8tem  of  Medicine/'  181*7,  vol.  iv. 

^  Rev,  m&i,d€la  *y«Lw  Ik'm.,  Geneve,  1SS2,  p.  530;  1883,  Noh.  4  to  tl;  IBSTi  Pp, 
275,  328. 

*  Tornaed  also  *'€Jichcxia  Htmrinjiriva"  and  "  cacliexia  thvreopiiva/' 

*  Arth.f.  kliii.  adr.,  Heilin,  18H3,  Hd.  xxix.  iS.  2^4. 

*  Hcv.  fn^d,  de/a  SaijfSf^  Jhm.,  tipncve,  Feb.  and  Aug.  1884,  Jifi.  xviii,  S.  25, 

'  Sohiff*«  (h>gfi  lived  at  longirwt  fourteen  duyR,  whtn  hut  Is  hihe*«  wire  Minndtaneotisly 
remored  ;  if  the  removal  was  elfectrd  in  two  sittinx^s,  at  a  certain  interval  aiuirt,  the  advi  nt 
of  the  chariic  ten  Stic  .Hyniptoriirt  was  ddavctl  op  altoj^tither  averted, 

*  These  exTMjririjpnts  of  Schilf  have  hppn  confirmed  hy  many  snbsefpient  oHserverBt  hut  thi? 
literatnreof  thesnhjert  is  eiionnons,  and  only  a  few  jiapers  can  h^re  he  nicntioned^WagiitT, 
WieTL  m^d,  BL,  1884,  .S,  25  and  3U  ;  Saiigiiiri^o  and  Canal  is,  Jrrh.jfer/r  sr,  med.^  Torino, 
1884,  tome  viti. ;  Hor^ley,  Pror.  Itoij.  Sfte.  Londtm,  1S84  and  l.H8f>,  and  Ihif.  M^d,  Jmn^t., 
Loudon,  ISSfi,  vol,  i,  pi  3  ;  18H2,  vol.  i.  p.  *2(i7  ;  also  h>Mf<rhr.  Rtid*>lf  ['irdiow,  Hi^rlin, 
181)1;  Fnhr,  Arrh.  /\  cxper,  Pa4k,  u.  Pharwjalfif.,  Leipzig,  188fi,  Bd,  xx'i, ;  1S?59,  Hil.  xxv.  ; 
Ro^owitsrh,  Cmtridbl,  /.  d.  mrd,  IViiasfmith.,  Berlin,  188<5,  S.  530,  and  Arch,  de  phifmoL 
rtonn.  Hjntlh,,  Paris,  1888,  p,  A19  ;  Albfrtoiii  ami  Ti/z«rni,  i'eidralhl.  f.  d.  mtd.  Wumnsch., 
Berlin,  1885,  8,  419  ;  Holla,  Sduiutjd*,  d.  ph^.m^d,  a^,vl/scK  tw  IFfirzhurfj,  1887, 
a  104;  Ewald,  BrrL  kiin,  /fV/Mi^Wir.,  1887,  1889,  nnd  ]8S«5  ;  v.  Eisielaherg/ **  Uel^r 
TetaDie  iin  Anstcldniia  an  lvrypfexstir|iationi  o,"  Wien.  klin.  JVchn,nrhr.f  I8W0  ;  <Hey, 
Arth.  deph}fswf\  norm,  rt path.^  Paris,  lsir>2^  and  N"ih»ofp]pnt  volumes  ;  ^ristiunip  ihid.^  18i*3  ; 
LuDglianH^  Virchoivs  Jrthii\  18f>2,  Hd,  cxxviii.  8.  400  ;  DonienitiH,  Wicn.  med.  IFcAywclfr., 
18&5,  S.  1620;  G.  Konxeau,  Arch,  de pkysiol,  iwrm,  ttjut^h.^  Pan»,  1897,  tome  ix.  p.  136. 
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with  leucocytic  infiltration  of  the  cornea.^  Horaley  was  the  first  to 
operate  upon  monkeys.  He  found  that  these  aiiinials  survive  the 
removal  of  the  thyroid  much  longer  than  do  dogs,  and  that  in  them,  as 
in  man,  a  *'  myxcedematous "  couditiou  gradually  supervenes.  They 
also  pass  into  a  condition  which  is  unmistakably  eimilar  to  cretinism, 
besides  which,  as  in  dogs,  they  are  subject  to  the  snper^^ention  of  muscular 
tremors.  These,  however,  may  be  greatly  abated,  or  their  unset  delayed, 
if  the  animals  are  kept  in  a  very  warm  atmosphere. 

It  was  further  found  by  Allara^  and  by  EwakP  that  no  results  are 
obtainable  by  thyroidectomy  in  birds  (although  it  is  fatal  ti>  reptQea), 
and  most  observers  found  the  same  to  be  the  case  witli  nxlente  and 
herbivora  generally.*  It  is  a  noteworthy  fact  that  in  aged  dogs  thyroid- 
ectomy does  not  produce  the  normal  symptoms.  In  man  also  it  ifi 
found  that  the  supervention  of  operative  myxcedenia  is  less  frequent  as 
age  advances.*  The  absence  of  the  result  in  Innls  has  never  yet  been 
satisfactordy  explained ;  but  various  attempts  have  been  made  to 
explain  the  frecpient  absence  of  result  in  herbivora.®  It  may  l>e,  either 
that  a  portion  of  the  gland  has  been  left  behind,  or  that  the  animals 
were  not  kejit  under  observation  for  a  sufficient  time  (Hoi^sley),  or 
that  there  existed  in  the  particular  case  in  question  accessory  thyroids 
and  parathyi'oitls,  separated  from  the  main  body  and  not  removed  in 
the  oijcration.  Tliis  is  the  explanation  winch  is  given  by  Gley  of  the 
negative  results  winch  usually  attend  th}Toidectomy  in  rabbits.  Gley 
states  that  if  m  these  animals  care  be  taken  to  remove  the  accessory 
structures  as  well,  the  usual  symptoms  supervene  and  are  very  rapidly 
fatalJ  Moreover,  be  finds  that  if  in  ytmng  dogs  all  the  jmrathyroids 
are  reiuoved,  wlule  tlie  main  body  of  the  thyroid  is  left  intact,  the 
symptoms  wliich  have  been  regarded  as  characteristic  of  complete 
thyroid  removal  nevertheless  supervene,  an  observation  which,  if  con- 
firmed, sliows  tlmt  it  is  these  structures  which  are  physiologically  the 
more  important  part  of  the  organ.® 

The  HjTnptoios  which  follow  thyroidectomy  are  of  two  classes — 
nervous  and  nietiibolic,  ahliough  we  are  not  able  to  say  that  the 
nervo\i8  6ymi)toms  are  not  produced  by  metabolic  changes  in  the  tissues 
of  the  nervous  system ;  nor  is  it  certain  that  the  metabolic  changes  in 

^  Gley  and  Rothon-Duvigneaud,  Ar^h.  dr.  i>hysioL  itorm.  flpaih.t  P&ru,  1S94,  p.  101. 

'  i^jjerimmtafr,   Firen/.e,  1885,  p,  281. 

3  Ewald  and  Rof  kwfll,  Arck.f.  d.  ges,  Fht/sioi.,  Bonn,  18M,  Bd.  xlvii.  S.  160, 

*  8a,iigiiirk'o  and  Oiecchia  (abstract  In  VcmlralbL  f.  Physiol. ^  Leipzig  u.  Wien,  18S7, 
B(l.  i.  S.  587). 

*  Bonrneville  and  Bricon  {Arch,  dt  neuroL,  Paris,  1886)  liavc  «hown  that  the  liability 
to  conatLtutional  sytnptomH  usually  ceases  at  aHout  the  thirtieth  year. 

*  According  to  Bnasarher{^rc/t./.  PA  ^wo/.,  Leipzig,  18&0,  S»  50&),  the  character  of  the  food 
in  dogt*  nioditieft  the  I'tfectsur  tliyroidcctomy.  Dogs  led  with  milk  bear  the  operatioii  better 
than  those  M  gd  flesh,  nor  do  tliey  exhibit^  as  the  latter  often  do,  convtilsiouis  after  m  meiL 

^  €om}>t.  reiut  S</c,  dr  bid.^  Vatha,  181H,  pp.  841,  813.  Stcalso  Edmuod»p  '*  Pit>c»  Phya, 
Soc»,'*  Joum,  Physioi,,  Cambridge  anil  London,  1895^  voK  xviii.  Hofmeiater  [Beiir,  z, 
Hin,  Chir,,  Tiibin^en,  1S94,  Bch  ii,  S.  441),  and  Leonbartk  \Firchow'9  ArfJiiv,  18^7, 
Bd.  cxlix.  S.  341)  have  also  j^ot  jiositive  rcMtlts  in  rabbits  ;  and  G.  R.  Murray  ban  succeeded 
in  producing  .syniptonm  of  niyxn-dema  in  a.  rabbit  from  wbieh  he  had  some  time  preriooilj 
removed  the  thyruidh  (Brit  Mfd.  Jonrii.^  Lniidon,  189d,  vol.  L  p.  HOI). 

*  Glej,  ^'tftnpL  rrnd.  Sue.  dc  bioL,  Pari.%  1897,  p.  }81  ;  Vassal e  and  G«neT*le,  ArdL 
Hal.  dc  bwi.,  Turin,  1  nor*  and  189H,  toirie  xxv.  p.  4Ii9  ;  and  tonic  xxvi.  p.  <Jl  ;  EdfDiiiid% 
"Proc.  Fhys.  Sm./'  Journ,  Phj^oL,  Cambridge  and  London,  1896,  ?oh  ix.  ;  also  TrmmK 
Faih.  Sfic.  Lomlon.  ISyfi,  l^Pd,  and  Joum.  Palh.  ami  Baet^riol.f  Edin.  and  London* 
3896,  vol.  iii.  p.  488.  Blunipur^it-h  and  Jai i>bv  {BerL  iiin.  JFchfUokr,,  18Ufi,  S.  327)  state, 
on  the  other  hand,  that  the  inclu-Htou  or  ux:ciusion  of  parathyrotdt  ia  immaterial  to  the 
reault  of  thyroidectomy  (but  cf,  Glej,  Arch,/,  d,  ffrs,  Phytivl,,  Bonn,  Bd,  Ixvi.  S.  308), 
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the  tissues  are  not  consequent  on  alteriitionR  in  the  nervous  syatent^ 
The  most  characteristic  nervouB  symptonis  are  those  which  have  been 
already  mentioned — ^inuseular  tremors,  jiassiiig  gradiuiily  into  clonic 
spasms,  and  finally  into  convulsive  attacks  (tetany) ;  there  is  also  apathy 
and  nnsteadiness  of  gait,  and,  with  the  advance  of  time,  the  gradual 
supervention  of  a  cretinic  condition,  together  with  a  lowering  of  the 
body  tenipeiiiture  and  a  diminution  of  cutaneous  sensihihty.  The  tremoi-a 
also  gradually  cease.  Monkeys  die  in  from  five  to  seven  weeks  after  the 
operation.  The  trenioi^  are  of  central  origin  ;  tliey  disappear  on  section 
of  the  motor  nerve  (ScIufiX  ^'^^t.  not  on  removal  of  the  corticul  brain 
area  concerned  with  the  laovenients  of  the  jmrt  (Horstey).  They  also 
disappear  when  a  Vfduntary  eHort  ia  made,  and  on  reticle  irritation.  In 
monkeys  tliere  is  extensor  paralysis  of  the  upper  limb,  and  there  may 
occur  attacks  of  functional  iiendplegia.-  The  attacks  are  dinunished  by 
administration  of  {mtaasiniu  hroniide/^  The  nvunher  of  red  corpuscles 
per  c;innL  becomes  mark- 
edly diminished,  wliilc  the 
white  corpuscles  tend  to 
increase  in  nnndjcr,  Tlje 
salivary  glands  henune 
swollen  and  eidarged,  and 
contain  an  excess  of 
mucin.  Changes  in  the 
cumixrsition  of  the  blood 
have  also  been  oliserved  * 
and  in  the  projjtjrtions  of 
the  blood  gases ,^  atid  de- 
generativ^e  clianges  have 
been  deseribeii  in  the 
kidneys/^  It  has  been 
shown  that  the  excita- 
bility of  the  cortex  of  the 
brain,  and  even  of  the 
lower  centres,  is  increased 
in  animals  which  have 
suffered  from  thyroid- 
ectomy/ but  with  the  Fio.  84.— Monkey  deprived  of  thyroid,— Hoesley, 
supervention  of  the  cretinous  condition  it  is  diminished.^  The  metabolic 
changes  which  occur  are  most  obvious  in  the  connective  tissues,  and 

*  Whitwcll  {Ui-ii,  Med.  Joum^t  London,  1802»  vol.  i.  p,  430)  found  what  h^  regiirda  &s 
pathological  changes  in  the  nerve-cells  of  tht;  Rolandie  area  in  a  case  of  myxirdcrna.  Marked 
changes  in  the  Den'oua  elements  have  also  been  dewciibe!!  as  a  feature  of  the  condition 
of  cachexia  thvreopriva  ;  Kopp,  VircJtoir\i  JrrAir,  1892,  BiL  cxxviii.  S.  2&0;  Langhatia, 
ibid.^  S.  318;  Capobian«*o,  liiferftnt.  Moitthhf  Jiturn.  of  Aiiai.  and  PkysioL,  1894,  Bd,  xi. 
S.  471  (abstract  in  CrnlralbLf.  PhifsioL,  Leipzig  u,  W5en.  1803,  Bd.  vil  S.  112)  j  Lomin 
Smith  and  Penibrey,  "  Prwv  Phy.'*iol  Soc./'  Joiirn.  rhifsiol.,  Cambridge  and  London, 
1694,  vol.  xwi  Quervain,  Fir  choirs  ArehiiT^  1893,  Bd.  cxxxiii,  S.  481.  Vassal  e  and 
Donaggio  found  dcgtueratiiiii  in  the  pymniidal  tract  (!)of  dogs,  after  extir[^»atiuD  of  the 
para  thyroids  (J  rc/r»  itaL  de  bmi.,  Turin,  1896,  tome  xxvii.  p.  12a), 

*  Horaley,  loc,  cU, 

'Glev,  C&tnpt.  rend.  Sot.  de  hioL,  \\n%  1892,  p.  300. 

*  Haflihurton,  loc.  ciL  :  Ducces<:hi,  CrntrnlbL  f.  Physiol,  Leipzig  u,  Wjen,  1&&6,  p» 
359,  and  1896,  p.  217  ;  also  Arch.  Hal.  df  hwl.,  Turin,  tome  xxvi.  p.  20&. 

'  Albertoni  and  TiKZoni^  ioc,  tit,  (s<?e  also  ik  043)^ 

■  Rosenblatt,  Arch.  d.  »c,  UoL,  St.  P^tcnAourg,  1894,  p.  53. 

'  Autokra toft' (abstract  in  Brain,,  London,  1890,  vol.  xxiif,  p.  424)» 

'  Horaley,  Brti.  Med.  Jimm.f  London,  1892,  vol.  L  p.  267. 
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especially  in  the  integument.  These  tissues  become  swollen  and  contain 
a  superabundance  of  mucin  ;^  the  integument  especially  swells  and  the 
eyeliiU  lieconie  putiy,  but  at  the  same  time  the  surface  becomes  dry, 
and  there  lh  a  tendency  to  the  shed  ding  of  liairs  and  of  the  superficial 
epitheUum.  This  hyperplastic  change  is  followed,  if  the  animal  remains 
alive  fur  a  sufficient  time,  by  atrophic  changes.  The  nervous  affection 
which  primarily  results  is  usually  accompanied  by  slight  fever.  Later 
on  this  passen  off,  and  the  temperature  becomes  reduced  even  to  some 
degrees  below  normal.^ 

As  Schiff  originally  showed,  these  effects  of  thyroidectomy  can  be 
temporarily  prevented  by  a  graft  of  thyroid ;  they  may  also  be  caused 
to  disappear  either  by  injection  of  thyroid  jiuce  into  a  vein  or  under 
the  skin,^  or  even  by  takmg  thyroid  juice  or  raw  thyroid  by  the 
mouth.  The  effects  of  grafts  are  to  all  intents  and  purposes  permanent, 
and  it  has  been  found,  as  in  the  case  of  the  |:»ancreafl,  tlrnt  removal  of 
the  graft  which  has  maintained  the  health  of  the  animal  after  extir- 
jmtion  of  its  own  thyroid,  is  speedily  followed — as  with  primary  removal 
of  the  organ — by  the  usual  symptoms  of  thyroidectomy.  It  a])pears, 
however,  to  be  somewhat  difficidt  to  ensure  the  graft  taking> 

Theories  of  action  of  thyroid  extirpation,— Various  theories  ha%''e 
been  advanced  to  account  for  the  elFects  of  removal  of  the  gland. 
H.  Munk^  held  that  the  etTects  of  removal  are  due,  not  to  intei'ference 
with  the  functions  of  the  gland,  but  to  interference  with  adjoining 
nervous  structures  in  the  neck,  liut  this,  as  with  the  simdar  theory 
propounded  to  account  for  the  effects  of  extirpation  of  the  p>aDcreafi, 
is  alisolutely  negatived  if  the  results  of  thyroid  grafting  are  to  be 
accepted.  Besides  this  theory,  two  others^  out  of  the  many  which  have 
been  put  forward,  deserve  consideration,^  Of  these  the  one  may  be 
called  the  theory  of  " antotoxication *'  and  the  other  that  of  "internal 
secretion/*  The  auto  toxica  tion  tliemy  assumes  that  there  are  one  or 
more  toxic  substances  constantly  tending  to  accumidate  in  the  blood, 
and   which  it   is   the  purpose   of  the   thyroid  gland  to   remove   and 

*  F.  Sftjmon  {Brit,  Med,  Joitrn,,  London,  1883,  vol.  ii.  p.  1073)  has  anuocintofl  a  theofij 
which  desLTVi'S  conHidemtiim  hne,  to  Uu;  effect  that  rerncival  of  thu  thyroid  produces  an 
intcrfwrente  with  the  full  cliemical  developm*iMt  of  the  eanatitqenta  of  the  conucctivv 
ti8sue8»  no  tbut  tlieye  teml  to  Uke  on  an  embryonic  character ;  and  it  is  well  kuowu  tlut 
Gxt'esa  of  mucin  is  rharactcriHlic  of  fiidiryoniti  fonneetive  tissue, 

=  See  oil  tUis  8nl>j&ct,  Horsluy,  lirtL  Med.  Journ,,  ljotidon»  1892;  Ugbetti,  IHforwui 
vud.,  Roma,  1890,  voL  vi.  p.  22i*, 

'  Vassalc,  Iih\  np^r.  dt  frettiat.^  Keg^io- Emilia,  1S90,  tome  xvi.  p.  439  (abebmct  in 
Cen4raIhLj\  d.  rn^d.  fFimenAch,,  Berlin,  mi,  S.  14) ;  and ^rcA.  UuL  dt  Hot,,  Turim  1892, 
tome  xvii.  p.  l7a  ;  Oley,  Vomjii.  remi,  Soc.  de  IwL,  Paris,  1891,  p.  251 ;  G.  R,  Murrmj, 
Brit,  Mt'd,  Journ.,  London,  1891,  vol.  ii*  p.  796  ;  1802,  vol  jL  ^,  449  ;  1893,  vol.  iL  p. 
677;  Schvvar?,,  Sperimentidr,  Fircnste,  1892,  vol  xlvi.  ;  Arch,  Uui.  de  hiol.^  Turin,  tome 
xvii.  p.  aSO;  Chopinet,  CttmpL  rmd,  Soc,  de  bio!,,  Paris,  1892,  p.  602;  Brown -Stk^UArd, 
Arch*  de  pktfxwL  ttQrm,  tt  imlh,,  Paris,  1892. 

*  \\  Eisclsberg.  H'kiu  kiln.  H'chti.'tchr.,  1S92,  S.  81,  For  a  successful  cnae  of  thyroid 
grafting  in  the  Imman  sulijet  t,  gee  Macpherwon,  Kdin,  Mtd.  Jmtrn.^  May  1892. 

^  Hiizmigsh,  d.  k.  AhuL  d.  JFisscnsrL  zu  Berlin,  1887,  S.  8v?a,  and  1888,  n.  105?. 
See  on  the  subject  of  MiinVs  experimentii,  and  also  on  thyroul  grafting,  RalstAad,  Johns 
Hoptiftjf  Ifmp.  Ikp.,  bftltinioie,  1896,  \k  373.  The  hulk  of  this  p*I**tr  deals  with  the 
hypertrophy  of  the  rt^niJiiniiig  portion  which  f*>llowa  the  removal  of  a  jiart  only  of  the 
thyroid.  In  a  recent  paper  {Firrhoivt  Ar€hi%\  1897,  Bd.  cl.  S.  271)  Murik  t^ndcavours  to 
maintain  his  i>osition.  lie  denies  that  either  cachexia  or  inyxaHlema  necessarily  follows 
thyroidtHtomy,  hut  in  this  he  is  at  variance  with  nearly  all  other  ex[>erimentera  and  iritii 
the  result  of  eliniml  expcrienoe, 

"  For  older  theories  regarding  the  functions  of  th«  thyroid,  see  Hor&lej,  ^rU*  JM^ 
Jmm,,  Loudon,  1892,  vol  i.  p.  267  fif  saj. 
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Tendei*  innocuous.*  Aecording  to  this,  the  function  of  the  thyroid 
would  lie  primarily  excretory.  This  view  ia  supposed  to  he  aup- 
|iorted  by  the  fihservatioii,  that  the  urine  of  aniniala  hecoines,  after 
removal  of  the  tliynii^l,  inore  toxic  tfian  that  of  normal  animals,^  and  that 
the  blood  is  toxic  ff>r  other  animals,  and  es] fecial ly  for  those  which  have 
already  had  the  thyroid  removed,  although  this  operation  may  have 
Ijeen  jTerfornied  only  a  short  time  previously,  and  before  the 
symptoms  of  thyroidectomy  have  had  time  to  develop.  It  is  not  stated 
what  the  probable  nature  of  this  substance  is,  or  by  what  tiasues  it 
may  he  formed- 

Effect  of  thyroid  juice* — Tlie  '*  internal  secretion  "  theory  would 
explain  the  phenomena  of  extirpation  as  due  to  the  absence  of  a 
oecretion  which  is  formed  within  the  thyroid  or  parathyroids,  and 
passes  from  them  into  the  blood ;  a  secretion  which  is  necessary  for 
certain  of  the  metabnlic  procest^ea  of  the  animal  body,  and  especially 
for  thoHC  connected  with  the  nutrition  of  tlie  central  nervous  system 
and  of  tlie  corrective  tisanes.  That  this  view  of  the  function  of 
the  thyroid,  which  was  the  one  given  originally  by  Schitf,  ie  in  the 
main  the  true  one,  is  shown  by  the  fact  that  beneficial  and  not 
toxic  effects  follow  the  exhiI>ition  of  thyroid  juice,  l>oth  in  cases  of 
thjToidectoniy  in  animals  and  in  myxo^dema  and  otlier  affections  in 
man.  ^Moreover,  extracts  of  thyroid  gland  produce  distinct  physiological 
effects  in  the  normal  subject.'*  If  a  decoction  of  the  gland  he  injected 
into  a  vein,  the  blood  pressure  markedly  falls  (Fig.  85),  although  the 
beats  of  the  heart  remain  at  about  the  same  rate  and  of  the  aame 
strength  as  before.*  Thin  lowering  of  the  blood  pressure  is  not,  however, 
peculiar  to  the  thyroid,  but  occurs  with  extracts  of  some  other 
secreting  glan<lR.  But  it  has  V*eeu  shown  by  G.  Oliver,^  that  the 
exhibition  of  thyroid  juice  or  other  pre|>tirations  of  thyroid  seems  to 
possess  a  specific  tendency  to  increase  the  calibre  of  the  radial  artery  in 
the  human  subject.  It  would  seem,  therefore,  tlmt  the  juice  of  the 
thyroid,  and  extracts  whieli  are  obtained  from  the  gland,  have  a  distinct 
action  upon  the  %%'iscular  system.  It  has  further  been  noticed  tluit  feeding 
with  thyroid  tends  to  cause  increased  metal Hdism  in  the  body,  accom- 
panied by  diuresis  anrl  diminution  of  fat,  so  that  it  has  been  proposed  as 
a  cure  for  obesity .**  T)iyroide(d.i>my  alters  the  conditions  of  the  gaseous 
exchange,^  and  this  in  all  prt>bibility  by  an  imUrect  etfect  through 
the  vasonujtor  system.  Lorrain  Sniitli^  fruuid  that  in  animals  which 
have  been  deprivetl  of  the  thyruid  boily,  tlie  reaction  to  changes  of 
temperature  is  abnormally  rapirl.  When  normal  animals  are  exposed  to 
a  cold  atmosjihere,  tlie  production  of  carbon  dioxide  l)ecomea  increased, 
consistently  with  the  uiereased  oxidation  which  is  neceasary  to  cause 

*  Horaley,  Proc.  R^y,  Stic.  Lmdmi^  1886,  yol.  xl.  p.  6  ;  BriL  MetL  Jmtrn.f  London, 
1892;  Dlmueiireich  and  Jacuby,  Arduf.  d.  g^s,  PhrjnoL^  Bonn,  18&6,  lid.  xiv,  S.  1. 

*  LaiUaiiRs  Compt.  rend.  Hoc.  dc  bioL^  Paris,  ls91,  p.  307  ;  see  dso  Gley,  ibid.t  1894, 
p»  192  ;  and  MfiBoiii,  ibid.,  \k  lOfj. 

*  Gk%  Arch,  dejfhynfoi.  norm,  etjmfh.,  Paris,  \bM,  p,  481. 

*  Oliver  and  St-^liafer,  Jouni,  Phy»w!,,  Cainliridgo  una  Lrmtlon,  1895,  vol.  xviii.  p.  277. 

*  Crootiian  LL'ctures.  Lanrei,  LoiKion,  KHli  June  1896. 

*  Leichtenateni,  IkidvchA  mrd.  frchitmftr.^  Ijeipzig,  1894,  No.  fiO.  See  on  the  physio- 
lo^cal  action  of  tliyroid  extract,  Ewald,  Ittc,  fit.  ;  Doriatti,  Firdwiu's  Arckiv,  1896,  SuppL 
Bo.  cxliv.  S.  253  ;  fit^^rkelt^,  JtdnKi  Jfophin^  Ho'ip.  Bui/.,  Hivhimnn^  July  18i>7.  Borkeley 
ex&mini^d  the  nerve  tentft'ri  of  aiiiinals  which  hmi  dUd  frorm  prolonged  aflniiniittration  of 
thyroid  ejEtmct,  but  oould  find  riti  e\'id»iiire  of  any  rhiiTtg*^M  in  the  nerve  rella. 

'  Michttclsen,  Arch,  J.  d.  tjcs.  rhffsiol.,  lionn*18S9,  Bd.  xlv.  S.  622. 
^  Joum.  Physiol. ^  Cambridge  and  London,  1894,  voh  kvi.  p.  378, 
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an  increased  production  of  heat.  Thta  increase  of  carbonic  acid  does  not 
take  place  immediately,  but  only  comes  on  after  a  certain  period  of 
time ;  the  temperature  of  the  body  being  in  the  meanwhile  maintained 
normal  by  those  physical  changes  which  occur  in  the  circulation,  and 
which  allow  the  (quantity  of  blood  brought  to  the  wkiu,  and  the  amount 
of  heat  thereby  lost  from  the  general  surface  of  the  body,  to  be  varied. 
Now,  it  is  precisely  these  vasonujtor  changes  which  appe^ir  to  be  laek- 
ing  after  removal  of  the  thyroid ;  for  the  production  of  carbon  dioxide 
becomes  almost  immediately  increased  by  exposing  thpoidectomiaed 
animals    to  a    low   tciu|K-rciturL\     Cardiac    jalpitati^ais   with   increased 
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Fic.  sfK^EllPLt  ill  tb?  flog  upon  the  Uorxi  presxtne  of  the  intravenous  injectiou  of  decoc* 
lion  of  tbyroifl  Time  in  seooiida.  The  line  oliove  the  time  tracing  id  tlie  »btcUBi 
of  the  mercurial  manometer. 

pulse  frequency,  often  accompanied  by  a  feeling  of  giddiness,  may 
sometimes  be  produced  by  large  doses  of  fresh  thyroid;  after  a  time 
glycosuria  and  increase  of  ure^i  appear.^  Exiierimenta  upon  the  eflect 
of  thyroid  feeding  on  metabolism  have  been  made  by  various  observers  * 
Richter^  found  in  man  no  marked  effect  on  nitrogenous  metabolism, 
but  Bleibtreu  and  Wendelstadt  an<l  also  Eoos  got  a  distinct  increane 
of  excreted  nitrogen  during  thyroid  feeding  Schondorff  obtained  an 
increased  excretion  of  nitrogen  during  the  first  eight  days  (in  dog); 
after  that,  N-balance  was  maintained,  while  the  body-fat  waa  greatly 
diminished  in  amount.  The  sodium  chloride  and  phosphoric  acid  were 
also  somewhat  increased.  Bettmann*  states  that  thyroid  feeding  tends 
to  produce  "alimentary  glycosuria"  (see  p,  881). 

1  GeorgTcwsky,  CtniraXhl,  f,  d.  mrd.  Ulsaenseh.,  Berlin,  1895^  Bd.  xxvii. 

'  Napier,  Laneet,  London,  1893, vol,  u.  p.  80r>;  Verme'hren,i>«ii5cA^??i<-rf,  Wchwtehr^^  hdrmg, 
1893,  ^o.  11  ;  Dening,  Miinchen.  rntd.  IFchjischr,,  1895,  S.  464  ;  Bleibtreu  aod  WVndelstMlt, 
Deutsche  m£d,  Wchnschr.,  Leipztg,  1895,  S.  346 ;  Mediger,  Diss.,  Greifswald,  1895 
fftb'itract  in  CattralM.  f.  NeriYjnh,  n,  PaifchiaL,  Coblen?.  n.  Lelynlg,  Bd.  xviii.  &.  28t) ; 
Lanz,  Dtutjidic  mrd.  fVeJmsckr.^  Leipzig,  ]S95,  S.  597  ;  Irsal,  Vas,  and  Gum,  rfrtrf.^  ISM^ 
Bd,  xiii,  S,  4:39  ;  Schoudorff,  AtcA.  /  d,  tfcs.  Fhjjsiol.,  Bonn,  1896,  B«l.  Ixiiu  S.  4JS; 
Gludnakiand  Lcmberf^er,  CenlralhL  f.  innetY  Med.,  Leipzig,  Bd.  xviii.  S.  90  ;  E00&,  Ztxhr. 
/.  phifsMl.  Chtm.,  StraAsburg,  1895,  Bd.  xxi,  8.  19  ;  aud  1806,  Bd.  xxii,  S.  18  ;  Gikrbcr, 
Sitsun^aif.  d,  phi/s,-med.  GtMlfsch.  zu  Wilrzburg^  1896,  S.  101. 

a  Vffilmiy.  f.  inmrc  Mfjt,  Leip/ig,  1896,  S.  65. 

*  BerL  But'.  U'chfiachr.,  1897,  S.  518, 


THE  PITUITARY  BOD  K  94s 

That  the  thyroid  gland  yields  an  internal  secretion  which  subserves  a 
useful  purpose  within  tlieliodVp  appears  to  follow  conclusively  from  these 
data,  and  the  effects  which  follow  thyroidectomy  are  probably  due  to 
the  loss  of  that  secretion.  Whether  the  gland  also  possesses  the 
function  of  destrnyiug  toxic  products  of  inetabolisni  which  would  other- 
wise tend  to  accumulate  in  the  blood,  a  function  which  has  been 
attributed  to  it  Ijy  some  authors,  is  a  |X)int  the  evidence  regarding 
which  is  at  present  lusutticienL 

On  account  of  its  extreme  vascularity  and  its  direct  connection  with 
the  vessels  wliich  supply  blood  to  the  head,  the  thyroid  has  also  been 
regarded  as  exercising  a  regulatory  fimction  on  the  blood  supply  to  the 
brain, — short-circ  uiting  by  vaso-dilatation  the  cerebral  blood  how,  or  vice 
vtrsd.  This  view,  which  was  long  previously  enunciated  by  J.  Sinion,^ 
has  been  of  late  again  lirought  into  prominence  by  Staheb^  whose 
opinion  is  supported  by  that  of  Waldeyer,^  both  of  whom  approach 
the  fiufjject  from  the  anatoniical  standpoint.  More  recently  the  matter 
has  l^een  the  subject  of  physiological  experimentation  by  Cyon,*  who 
finds  that  the  nerves  pasHing  tc»  the  thyroid  contain  powerful  vaso- 
dilatators, and  that  their  stimulation  may  greatly  lower  the  pressure  in 
the  carotid  C'yon  further  states  that  they  are  ciilled  into  action 
very  easily  on  excitation  of  the  cut  ends  of  the  vagi,  of  the  depresHOi^^ 
or  of  the  cardiac  branclies  of  the  recurrent  laryngeal  nerves.  After 
removal  of  the  gland,  the  excitiiliiUty  of  these  nerves  is  diminished,  but 
it  is  increased  by  the  administration  of  tliyroid  preparations* 

The  mode  of  connection  which  unquestionably  exists  between  turg- 
escence  of  the  th>Toid  and  the  other  nervous  and  vascular  symptoms 
which  characterise  Graves s  disease  (exopbtbalmic  goitre),  is  still  quite 
obscure.  This  affection  is  not,  like  (U'dinury  goitre  and  myxo-dema,  bene- 
fited by  thyroid  feeding;  but  various  observers  have  olttained  consider- 
able benefit  by  administration  of  the  imcooked  thymus  of  young  animala* 

Thk  rnuiTAUv  Body, 

The  next  organ  the  internal  secretion  of  which  we  may  shortly  con- 
Bider,  is  the  pituitary  body.  As  is  well  kno\\Ti,  the  anterior  lobe  of 
the  pituitary  body  is  a  structure  which  may  in  general  terms  be  described 
as  glandular,  and  altbnugli  not  in  all  respects  resembling  the  thyroid, 
there  are  nevertheless  certain  ])oints  both  in  connection  with  its  mode 
of  development,  and  in  the  structure  of  the  fully  formed  organ,  which 
might  lead  to  the  snpi)nsition  tlutt  there  is  something  functionally 
common  to  tbe  twi»  urgaiis. 

Effects  of  removal  and  disease. — So  far  as  destruction  of  the 
pituitary  body  ih  coucerned,  experiments  !iave  given  interesting  results. 
The  organ  has  been  removed  Kuccessfully  in  a  number  of  cases  in  cats  by 
Marinesco,*'  and  in  thy^i^  liy  Yassale  and  Sacchi.^  In  all  iuHtfinces  of 
complete    reuioval   death   ensued,  usually   within   a   fortnight   of   the 

1  P/u7,  Trans.,  Lou* Ion,  184 4.  ]i.  SPfi, 

3  iMiUscIir,  nicd.   iffhmrhr.,  Li'inzig,  1887,  S.  227  (quoted  bj  Walrkyer). 

^  BcTl.  klin.    irchmckr,,  1«87,  S.  23S. 

*  For  tbe  Utomture  of  tins  msoasp,  soo  Onl  and  H.  Mackenxi».%  in  AlllnUt'a  *'SyHtem  of 
Medicine,"  1897,  vol  i\\  y,  f»08. 

*Compt.  TfwL  Sfjf,  dehid.,  loin's,  18J*2,  p,  fiOS. 

"  Ardi.  iial.  de  bid,.  Turin,  1S95,  tome  xxii.  p.  i:^^, 
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operation.  The  BymptomB  obeerved  were— -(1)  Diminntioii  of  the  body 
temperature;  (2)  anorexia  and  lassitude;  (3)  muaonkc  twitdnngs 
and  tremors,  developing  later  into  spasmic;  (4)  dyspnoeaT  Many 
of  the  symptoms  show  abatement  after  injeciian  of  pituitary  extract.^ 
Vassale  and  Sacchi  conclude  that  the  pituitary  mtiBt  furnifib  ao 
internal  secretion  which  is  useful  in  maintaining  the  nutrition  (4 
the  nervous  and  muscular  systema  Some  of  these  8}'iuptomB,  eepe^ii- 
ally  the  muscular  twitchings,  are  similar  to  sX\m^  seen  on  i-emoval  of 
the  thyroid.  It  has  been  stated  that  after  thyroidectomy  tht*  pituitary 
body  becomes  enlarged ;  and  Bogowitsch'  has  guppog&d  thut  the  fact  that 
in  rabbits  a  thyroidectomy  somietimes  failB  to  produce  the  unual  results, 
is  due  to  the  pituitary  taking  on  a  vicarious  action,  tha  pituitary  being 
larger  in  proportion  in  the  rabbit  than  in  inost  aniuiab.^ 

Similar  statements  have  been  made  with  regard  to  itB  Balarg^meiit  in 
some  cases  of  myxoedema,  in  which  the  pituitary  has  been  L'xamined,  But. 
on  the  other  hand,  Schonemann,^  who  examined  the  pituitiiry  in  a  larj^r 
number  of  cases  of  goitre,  got  no  distinct  evidence  of  its  enlHrgetuiitit  \\i 
that  disease,  nor  of  any  constant  change  in  it,  althoii|^lj,  in  <;oRuuon  wiiij 
other  structures,  it  frequently  showed  puthological  alteratioiijc  Ami 
whereas  enlargement  and  degeneration  of  the  th}Toid  ig  ar 
by  cretinism  and  myxoedema,  there  appears  to  be  a  connectiiui  u  lv-  li. 
enlargement  and  degeneration  of  the  pituitary  body  and  an  entirely 
different  disease,  to  which  the  name  "acromegaly"  has  l>€en  givea  hr 
Marie,*  the  most  obvious  symptoms  of  which  are  hypertrophy  of  th* 
bones  of  the  extremities  and  of  the  face,  with  some  hypertrophy  of  the 
skin  and  mucous  membranes,  but  without  mucinoid  degt^nemtion.^ 

Bffects  of  extracts. — The  theory  that  the  thyroid  and  pituitary 
may  act  vicariously,  appears  to  be  negatived  by  the  pliysiolagicAl  eflecta 
which  are  produced  by  extracts  of  the  laat*iiamed  gland,  and  which 
differ  altogether  from  those  furnished  by  the  thyrnid/  Tlu  stjHnVi^M  ^  ^ 
are  exemplified  in  Figs.  85  and  86,  which  show  that,  whereaa  deoootum 
of  thyroid  produces  no  obvious  effect  upon  the  contractJooB  of  the 
heart,  decoction  of  the  pituitary  body  causes  great  fmgmimtaMnn  in 
the  force  of  the  heart's  beat,  without,  however,  any  aoOQnyiafiDg 
acceleration  of  the  rate.  Further,  the  effect  upon  the  ttlMBt  is 
precisely  the  reverse  of  that  which  is  obtained  by  extract  oC:ll^fioid, 
for,  in  place  of  falling,  the  blood  pressure  rapidly  riaea  llMlfe'  tbis 
rise  is  not  due  simply  to  augmentation  of  the  heart's  beati^  bat  tlttt  it 

'  Brown -S^cjuard,  Compt.  rend.  Soe.  de  bid,,  Pbris,  1898,  p.  627.  ' 

2  BeUr,  2.  path.  Anat,  m.  z.  (dig.  Path.,  Jena,  1889,  Bd.  iv.  S.  463. 

'  See  also,  on  the  subject  of  the  possible  connection  between  thyroid  and  flMlivry  H. 
Stieda,  Beiir.  z.  path.  Anat.  u.  z.  a/lg.  Path.,  Jena,  1890,  Bd.  YiL  &  6S7;  FfMnaad 
Viola,  CentralhL  /.  d.  med.  TFissenscJi.,  Berlin,  1890,  S.  25  and  26;  HbftuililtM,  jfcfc  eU., 
1894  :  de  Coulon,  Firchow's  Archiv,  1896,  Bd.  cxlvii.  S.  63  ;  and  Leonbaidt,  fak  «tfL,  1S97. 

*  Virchow's  Arehiv,  1892,  Bd.  exxix.  S.  310. 

"  Brain,  Jjoiidon,  18S9,  vol.  xii.  p.  59.     See  also  Massalonso,  CentroibLf,  J 


Psychiai.,  Coblonz  u.  Leipzig,  1895,  Bd.  xviii.  S.  281.    A.  Schitf  (fPim.  JWk  ITcftnidbr., 
1896,  Bd.  x.  S.  277)  obtained  a  marked  increased  excretion  of  phosphoric  aeU  oa  thtrtliiji 


with  pituitary  tablets,  with  only  a  very  slight  increase  of  nitrogen.     H«  wguda  this 

I  of  the 


experiment  as  indicating  an  influence  of  the  extract  upon  the  metabolism  of  I 

'  Enlargement  of  the  pituitary  only  occurred  in  three  cases  of  acrom^gdj  oatof  leTn 
described  by  Souza-Leite  {Neurol.  CeiUralbl.,  Leipzig,  1890,  Bd.  iz.  8.  447)p  who  itates 
that;  on  the  other  hand,  persistence  of  the  thymus  appears  to  be  a  fairij  oonafcMit  aooom- 
panimcnt  of  that  disease.  Dreschfeld  {Brit.  Med.  Joum.,  London,  1894,  toL  L  p.  6) 
looks  upon  the  enlargement  of  the  pituitary  body  as  a  symptom  rather  than  the  erase  of 
acromegaly. 

7  Oliver  and  Schafer,  Joum.  Physiol.,  Cambridge  and  London,  1896,  ToL  xriii.  p.  277. 
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ia  also  due  to  contraction  of  the  arterioles^  is  sufficiently  shown  by  the 
fact  tliat  if  salt  sohition  containing  pituitary  extract  be  pasHed  through 
the  blood  vessels  of  a  hog,  the  entire  nervous  system  of  which  has  lieen 
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deBttoyed*  the  vessels  markedly  contract.  This  experiment  conclusively 
shows  iliat  the  effect  upon  the  arteries  is  a  direct  one,  and  in  all  pro- 
bability the  actiou  upon  the  heart  ia  also  direct. 
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We  may  assume,  then,  that  the  pituitary  body  furnishes  to  the 
blood  an  internal  secretion,  and  that  this  internal  secretion  tends  to 
increase  the  contraction  of  the  heart  and  arteries,  and  perhaps  influences 
the  nutrition  of  some  of  the  tissues,  especially  bone  and  the  tissues  of 
the  nervous  system.^ 

The  Suprauknal  Bodies. 

Effects  of  disease  and  ablation.— The  immense  importance  of  these 
glands  in  nutrition  was  indicated  by  Addison,^  who,  in  1855,  pointed  out 
that  the  symptoms  of  the  disease  now  known  by  his  name,  the  most 
prominent  of  which  are  extreme  asthenia,  and  the  appearance  of  bronze 
patches  upon  the  skin  and  on  some  of  the  mucous  membranes,  are 
associated  with  pathological  alterations  of  the  suprarenal  capsules. 
This  observation  was  tested  experimentally  by  Brown-Sequard,'  who 
found  (in  1856)  that  removal  of  the  suprarenal  bodies  was  rapidly  and 
unfailingly  fatal  in  all  animals  (usually  within  twelve  hours).  Bemoval 
of  one  capsule  produces  no  obvious  efifect,  but  when  the  second  is  i-e- 
moved,  even  after  a  long  interval  of  time,  the  usual  symptoms  caused  by 
total  ablation  at  once  supervene.  The  symptoms  following  the  removal 
are  practically  those  of  Addison's  disease,  although  much  more  acute. 
There  is  extreme  muscular  weakness,  and  great  loss  of  tone  of  the 
vascular  system,  with  loss  of  appetite,  and  other  signs  of  general  pro- 
stration. Death  appears  to  result  from  paralysis  of  the  respiratory 
muscles.  But  the  pigmentation  which  usually  accompanies  disease  of 
the  capsules  was  not  noticed  by  Brown-Sequard,  and  he  inferred  that  this 
absence  of  pigmentation  was  probably  due  to  the  fact  that  a  fatal  result 
appears  so  rapidly  after  the  complete  removal  of  the  capsules  in  animals, 
that  time  is  not  afforded  for  the  development  of  this  symptom.  This 
conjecture  appears  to  have  been  confirmed  by  an  experiment  of 
Nothnagel,*  who  found  pigmented  patches  to  appear  after  crushing  the 
capsules,  and  also  by  F.  and  S.  Marino-Zucco,^  who  state  that  by  inoi-u- 
lating  the  8uj)rarenals  of  rabbits  with  pseudo-tubercle  bacillus  they 
have  succeeded  in  obtaining,  not  only  the  slow  development  of  the 
ordinary  symptoms  of  suprarenal  removal,  but  also  an  augmentation 
in  the  pigmentation  of  the  skin  and  hair.  Tizzoni  also  has  obtained 
skin-pigmentation  after  complete  and  partial  removal  of  the  capsules  in 
ral)bits,  which  lived  a  certain  time  after  the  operation. 

It  is  needless  to  sUite  that  Brown-Sequard's  results,  following  as 
they  did  upon  Addison's  observations,  attracted  much  attention,  and 
numerous  investigators  set  to  work  to  verify  tliem.  But  many  of  these* 
failed  to  confirm  the  results  which  were  obtained  by  Brown-Sequard, 
probably  by  reason  of  the  removal  being  incomplete,  or  of  the  existence 

^  The  tlironiboses  whicli  Mairet  and  n()so(ylrc7*.  dc plnimd.  norm,  ei  path.,  Paris,  189t>. 
p.  fJOO)  obtaiiu'd  from  intravenous  injection  of  f^lycerin-  and  water-extracts  of  pitiiitar}' 
into  rabbits,  were  doubtless  caused  by  nucleo-inoteids.  Subcutaneous  injection  produced 
.sli;^'ht  rise  of  teiniieratuie  with  lassitude  jind  gastric  troubles,  but  as  it  does  not  appear 
tliat  the  ujaterial  used  was  aseptic,  these  observations  are  of  little  value. 

-■  "On  tho  Constitutional  and  Local  Klfects  of  Disease  of  tlie  Suprarenal  Capsules," 
Li.M.lon,  1.S55. 

'  ('ohijit.  rciul.  Acdd.  d  .sc.,  Taris,  ISoG,  j)]).  1"22  and  ^A2  ;  Arch.  gttt.  de  m^.,  Paris, 
18r»«)  ;  Jouni.  d*-  la  }>Jiiisiol.  df  /'hoininr,  Paris,  1858,  tome  i.  p.  160. 

•*  Zf.srhr./.  klin.  Mrd.,  Berlin,  1879,  Bd.  i.  S.  77. 

^  Jiifonna  mcd.,  Konia,  1892,  tome  i. 

'■'  Pliilij)p<'aux,  ('(Hujtt.  r*iul.  Arad.  d.  sc,  Paris,  ISHC  ;  Gratiolet,  ibid.;  CI.  Harley,  lirit. 
and  For.  Mcd.-^'hir.  Jicv.,  London,  18r>S,  vol.  xxi.  j>.  204. 


THE  SUPRARENAL  BODIES,  ^9 

of  accesHory  capHuleH :  and  after  a  few  months  of  controversy  the  subject 
gradually  dropjK3il,  and  became  for  a  long  time  almost  forgotten*  The 
interest  in  this  subject  has  been,  however,  recently  revived,  and  the 
experiments  of  Brown-Si^quard  have  been  repeated  by  various  observers 
(Tizzom,^  AbelouB  and  Liinglois,-  and  many  others).  I  have  myself 
made  several  experiments  of  the  same  kind  on  various  animals 
(monkeys,  dogn,  cats,  and  guinea-pigs).  All  these  observationfl  have 
tended  to  contirm  the  original  statements  of  Brown -Sequard,  They 
show  that  animals  depHveti  of  tlieir  sujnarenal  capaulea  die  rapidly, 
usually  in  the  courne  of  one  tu  three  days,  with  the  symptoms  above 
noted  The  further  fstet  is  mentioned  by  Abelous  and  Liinglois,  and 
tluH  m  also  c'ontirmatory  of  a  statement  of  Brown-S-qiiard,^  that  the 
blocjd  *  of  animals  <lying  in  consequence  of  the  removal  of  the  supra- 
renal capsules  is  tnxic  for  other  animals  wlueh  have  recently  been 
ileprived  of  their  c^i[*Hides,  although  it  causes  no  toxic  results  in  normal 
animals ;  whereas  the  transfusion  of  normal  blood  into  the  veins  of 
"  de capsuled  "  animals  tends  markedly  to  prolong  their  survival  of  the 
operation.* 

The  symptoms  C4iused  by  t(ds  blood  are  said  by  Abelous  and 
Linglois  t(^  be  those  of  curari  poisoning — paralysis,  that  is  to  say,  of 
the  intramuscuhir  nerves ;  '^  and  since  the  nmst  marked  phenomena 
retiulting  from  removal  of  the  capsules  is  extreme  muscular  weakness, 
it  huH  been  cmuludcd  by  them  that  utter  removal  id'  these  glands 
a  certiiin  t^jxic  product  of  muscidar  metabolism  accumulates  in  the 
blood,  and  that  tht^  function  of  the  glands  is  to  rcnujvc  or  destroy 
this  tuxic  principle. 

This  is  the  "autotc^xicatinn  "  thenry  uf  tlie  suprarenal  capsules,  and 
18  similar  to  that  which  has  been  ?i]qdicd  tu  the  thyroid  body.  Like 
the  other  autntoxication  theories,  it  is  (*hietly  foumled  upmi  the  fact 
that  ttie  Idood  of  animals  which  are  nuuibuiul  in  cousc<[Uence  of  the 

'  ArriK  itnL  dc  biul.,  Turin,  1886,  Umiu  x.  p.  37*i  ;  Bciir.  x.  jmth.  Anat  u.  i,  (dfif, 
Fath,^  Jtftin,  1889,  Hd.  vt.  S.  1.  Ti/,/ni»i  tlmui^lit  tliat  n-Tnoviil  uf  one  ca|)>iult>  only 
was  fiitiil  :  tlii.H  conrluMitni  \\ii»  jtliuwn  tn  Ur  tirnrK'oiiH  liy  Stilling  {/icv*  d*^  mtd.^  Parin, 
1I?!}0).  Ti/zoiii  fniintl  m  many  ol  liin  rablfiu  alterjitiouH  in  vaiiona  jwirtH  tif  tliu  central 
nervous  Hyj*tom,  ac|haiiTitlv  hhMi|^ht  on  l«y  lut'iinMihnp  s  inty  thi^ji;rev  nintter. 

»  Commit.  rauL  Stn^.  dy  W,.  l^irf^  18[d,  |i.  8i5  ;  l-^Sf^,  \k  388  :  Liln^lfas  ibuL,  1893,  p. 
444  ;  also  in  tf>nii*  iv.  of  "Tnivftnx  fin  LalioiMtuire  iJe  ('h.  Rirliet,"  1897,  ^liere  will  l)e 
ibuiid  iL  full  l>ili|io;jjaiil»y  i2'H  juiptrNi  uimI  historitrtl  an^onnt  ijf  tlif  HuKjert  of  the  jihysiolopy 
of  iheso  or^an.H.  I^Jiiigluh  ,Htat<"H  tluit  it  is  Hnlticitiit  tu  leave  j\  of  tUc  total  weiglit  ol  tlie 
captulcs  in  the  dog  in  onier  to  iriwuie  tlic  hiu  vivul  of  th«*  animal, 

'  Joitm,  df  la  pftifsiof.  d*'  fhomwr^  Pjni?<,  185<S  trniifl  i. 

^  AUo,  according  to  tioui iein  (Compt.  nnd.  Acad,  fl,  ,sc. ,  Pat  i.s,  1S97,  tonic  cxxv.  jk  188), 
alooliolic  extrai'ta  of  the  blood  and  nr^an.n  ot  *'  dft  apsidt'd  "  iininialH. 

*  It  is  statiKl  Itj  Brown  8/rjiiard  (hai  injrrtton  of  extinct  of  Nn[>rrirenal  und^r  thp  skin 
of  ainmalH  tlin  HUfhr-irenal  ciijhuIch  otiAliirli  havf-  In-en  reuioveil,  lias  a  partial  succcas  in 
prolongiiT^  life  {('ompf  rn'd.  *V(/f.  de  hitd,^  PariH,  18&2»  tome  xliv.  p.  410).  But  it  is 
doubtful  it  they  can  Ut  Vi'\*t  alivi'  for  any  Iciigtli  (d"  tiiive,  tiither  by  injection  in  this  way 
or  hy  Htc  (akihg  nf  ftiipraiTnal  by  t\w  iimntli.  It  aiipciiiH,  however,  to  be  trtrc  tbat  Bomo 
m»es  of  Aildiwon's  dii+iaHc  nn'  di>tioetly  bcnelitp<i  l*y  extract  of  suprarenal  cnpsnlwp  taken 
by  the  mouth,  but  wlietb+ r  any  sueh  cases  have  been  cnicd  iw  doubtful.  (Por  reference 
to  such  cA3ea»  see  Langhji.H,  *'Tr.ivanx  dii  Labotatoiri"  ile  Cb.  Richer,  "  \W1^  tome  iv.  p.  i^3 
€tMq.).  Alfeloua  {Compf.  nud.  Soe.  dr  bh!.,  PaiL-^,  1802,  Nov.  VI)  and  (knirfein  {Rev.  mM. 
de  la  ituissf  Jimif.^  (it'ni-vc,  18Rii,  p,  \\li)  have  tiUfcet'ded  in  clfccting  suprarenal  grafts 
in  the  fta^^  wbifdi  |irL*venteti  the  occiirn'nce  of  the  usual  ^ynlptonls  wben  the  aniniari^  own 
supraronaU  were  <tpstroy(Nl  ;  on  aftcrw.irds  removing  tl»c  graft,  the  Kymptonia  finfKirvened 
OS  usnaL  Domiuict.'*  ( ffuVrrt.  mrd.  /f >/i N.vrA r. ,  lSf»7,  S,  18),  on  the  other  band,  o[>eratirig 
on  rabbiUand  do^s,  invariably  (oiiml  i%  fatal  rcnult  to  follow  reinoval  of  the  second  fiupia- 
renal,  afb^r  the  first  one  had  been  hucc'pw fully  grafted. 

"  Thi«  fltAtcmait  i«,  however^  denied  by  Gourlein  {Jier,  mM»  flte  la  Sume  Rom.,  Geneve, 
1896,  p.  113). 
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l>articular  extirpation  is  toxic,  eH]>ecially  for  other  animals  whifh  Imve 
been  eubiiiibted  to  the  of>evation.  But  it  is  [*io liable  tliat  the  ljl«x*d 
of  an  anhnal  dying  kIowIv  as  the  rcBult  of  any  disease,  would  be  to 
8ome  extent  toxic,  and  the  toxic  principles  would  more  jKjwerfolly  attect 
animals  whose  resisting  power  had  been  lesseneil  by  a  recent  severe 
operation.  However  thiB  may  be,  whether  tlie  f^nprarenal  rapsules  4I0 
or  do  not  destroy  a  toxic  principle  which  is  formed  elsewhere,  and  which 
would  otherwise  accumnlate  in  the  blooil,  they  unqueslic^nably  jirmluee 
a  material  whieh  has  entirely  tliflerent  properties  frf>m  timse  suited  t^i 
be  possessed  b}'  the  blood  of  animals  deprived  of  their  capsuleH.  This 
material,  whicli  is  probably  the  Irasis  of  the  internal  seeretiun  of  the 
glands,  has  most  active  physiological  pro]iertie&. 

Hypodermic  injection  of  extracts — General  effiscts. — Tlie  action 
upon  normal  animals  of  extracts  nf  Huiaarcnal  was  first  inves- 
tigated by  PellacMni  and  Fo:\,^  buth  alone  and  in  conjunction.  They 
injected  subcotaneonsly  extiacts  of  the  glands,  made  with  water,  and 
observed  the  symptoms  which  resnlted.  They  found  that  animals 
(dogs)  were  killed  b\'  subcntaneous  injection  of  extract  of  calf  suprarenal 
Their  results  were  criticised  hy  Alexamier,-  who  pointed  imt  that 
there  was  liability  to  chenucal  change  in  their  preparations,  and  were 
not  confirmed  by  otlier  observers,  but  they  nre,  never thelej^s,  in  tlie 
main  correct 

In  conjunction  with  G.  Oliver,^  1  have  myself  made  a  number  of 
obaorvations  upon  the  effect  of  stdjcntaneous  injection  of  water  and 
glycerin  extracts  of  suprarenal  We  found  that  the  animals  were 
usually  unaffected  hy  nnjilerate  doses,  but  with  larger  doses  f-hnwed 
quickening  and  augmentation  of  the  lieart-beat,  shallow  and  fast 
respirations,  and  btll  of  temperature.  Guinea-pigs,  we  found,  wouM 
stJind  a  large  subcutaneous  dose  of  suprarenal  extract  without 
showing  any  symptoms  at  all,  fu^  with  only  a  slight  aceeleration 
and  increase  of  the  force  of  the  pulse.  The  sauie  appeared  to  l>e 
the  aise  with  the  cat  and  with  the  dog,  unless  a  very  large  doge 
were  injected,  when  the  symptoms  above  enumerated  liecanie  ver>' 
marked,  liabljits,  on  the  otlier  hand,  were  more  susceptilde  to  the 
influence  of  suprarenal  extrficts.  If  a  large  dose  were  given,  the  animal 
Buccunjbed  witliin  half  an  hour.  If,  on  the  other  hand,  the  dose  was 
only  juodernte  m  (piantity,  it  did  not  show  any  symptcims  at  all  for 
some  hours,  but  then  it  might  sud<lenly  succumb.  Tliis  prinmry  absence 
of  symptoms  wns  also  noted  by  Fn;^  antl  rellacani  in  dogs.  They  sUite 
that  in  many  of  ihe  animals  which  they  experimented  u]ion  in  this  way. 
there  were  no  symptonns  at  all  apparent  upon  the  day  upfui  which  the 
injf^ctinn  w;is  given,  but  that  the  next  morning  the  aidnial  was  usually 
found  deatl.  The  cause  of  deatli,  it  may  Ije  added,  is  not  by  any 
means  clean  Foa  and  Pellawmi  have  supposed  that  it  may  he  due  tct 
paralysis  of  the  respiratory  centre,  l)ut  tlie  slight  effect  which  intra- 
venous  injection  of  suprarenal  extract  ju^oduces  np<>n  this  centre  does 
nut  lend  supi)ort  to  this  conjecture. 

In  frogs  we  found  the  effect  r>f  the  water  extract  or  decoction  injected 
into  the  dorsal  lympli  sac  was  to  produce  a  temporary  iiaralysis,  which 

'  Anh.  prr  k  i^r,  m^^t^  Toriuu,  1879,  1S80,  toines  iii.,  \v.,  and  ni.  ;  Jtrh.  ifaL  dt 
hiol,,  Turin.  iSSa,  ]j,  56. 

■  Bfiilr,  £.  ptUk.  ttitat.  u.  r.  alfff,  Pntk.,  Jena,  1892.  Bd.  xi. 

^  Jmim.  Phrjsiol,^  Canibrirlge  and  London,  1895,  voL  x?iii.  p.  285* 
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showed  itself  111  very  Aow  aiitl  languid  liinvemeuts.  This  may,  however, 
l>e  due  to  the  veratrine-iike  effect  which  the  extract  produces  upon 
muscukir  tisflue  (Bee  below).  The  Rul)je<:t  has  !_>eeii  worked  at  more 
recently  in  my  laboratory  Ijy  Swale  Vincent.^  who  has  performed 
a  lar^e  numl^r  of  experiments  ujxm  vaiinijs  aniniala,  and  has  not  only 
eon  tinned  most  of  our  re«iilta,  but  lias  added  several  otiier  facts. 
Vinceut  eommonly  ohUiined  fata!  resultR  in  guinea-pigs  with  doses  of 
fcJ  grma  of  fresh  gland.  In  rubliitn  he  found  the  results  to  be  iiiconsUnt. 
The  hind'liinh.s  heenme  paralysed  before  ifie  f*ue-linil)s  in  all  animals 
inve.stigated  Doses  insullicient  to  cause  a  fatal  result  produce  im- 
munity to  larger  doses  which  would  cii!ierwiKe  Itc  fat4d,  and  thiseHect  may 
liist  a  few  weeks.  The  action  is  jmiduced  fjy  the  nieilnlla  of  the  gland 
only ;  extracts  of  a  large  nund^er  of  other  organs  and  tinsues  were  tried, 
but  none  produced  any  ettect  wlien  injected  Ijypodermically  (Vincent). 

Intravanous  injection, — The  iutraveiious  injection  of  suprarenal 
extract  produces  a  |)owerful  phyHinlogical  adion  ii[K)n  the  nniscular 
syBtem  in  general,  liut  especially  upon  the  lun-^cidar  walls  of  the  Idond 
vessels,  and  the  musctdur  wall  of  the  liearL  A  certain  amount  of  action 
isakomauifeste*l 
upon  some  of  tlie 
nerve  centres  in 
the  !mlb,  especi- 
ally the  cardio- 
inhibit4.jrycentre» 
and  to  a  less 
extent  nptju  the 
respiratory 
centre.* 

A cf  in n  o n 
filrirtal  mumk. — 
The  effect  ujion 
the  skeletal 
juuscles  is  well 
shown  in  the  frog 
(Fig.  87), and  can 
also  be  seen  in 
mammals.  The 
contraction  of  the  muscle  in  response  to  a  single  excitation  of  its  nerve 


Fir*.  87.--Eirwt  f>f  tfiunaieiitil  4^xtract  up^ii  mtisfle  eontrjiction  in 
the  fiotf.  A,  K^niuil  iiiiwle  eiirvt'  oi  ^^fwtrociiemiiis ;  B^  Cniv<' 
taki:ii  miKijg  iiU[)rai  i^iisil  ]nti!iorii(ig,  hut  utUtTwiftc  under  tlic  same 
couJtiLoriJ9  a»  K.     Tin  if  t  raring,  100  per  atn;,  * 


^  Joum.  Phff'Mh/,,  raiiihiiflgo  jmkI  Loinlnii,  hsi>7,  vol.  vxii.  j>.  111. 

*  OUvi*r  and  SvlinHT,  *'  Vim-.  PhysioL  SiX!.,'*  Mfiroli  li<94  {JounK  PhtfHiof.,  Oninbt ifl;^'P 
aihI  IjOJkIoh,  vol.  XVI.  J;  *' Cn>r.  I'hysiol.  Sm\/'  Mivrcb  18f*'»  (ihid.^  vol.  xvii.).  Tlifiu 
wcR>  prf Uminai y  ^■iimnmnicatiouH.  f  he  fietjiiltMl  »<:i'miiit  til"  Llw  i'\|>er[iiH'iUM  h  to  h&  fnniid 
in  t]i^  Jtmni,  PhpnoL,  Caiiilnidgf  and  London.  v«>L  xviii.  pji,  230  li 7^.  The  dienii^at 
work  in  coutittitioii  witli  our  t?x|N2inni<'i]t-a  \ynH  carried  out  hy  M(>i>rB  ;  Inn  ]»a[>f'T»  on  th*^ 
HUbj«;ct  win  he  found  lyforrud  to  l>y  Hallihnitoii.  on  \*\*.  1*0  92.  Hiu(v  tht;  fir»t  rnrn- 
munication  to  tho  Pliysioloificftl  S«x'iety  tlirrrr  have  !vp|ie?irpd  a,  lar^e  ntiniher  of  puiHTr-H 
on  til©  fmUject,  fi>r  tin*  ntont  jHirt  coiiHrmirig  tlw  rfHulls  there  annonnced,  Thp  follou- 
mg  are  some  of  thest^— Szvtnonowiez,  Jm,  d.  Jkad,  d.  H'i»s.  in  Krakau,  Ffbrimry 
1895;  Arek.  f.  d.  (jf».  P%-tiW.,  Br.nn,  iSitrt.  B*l  Hh%  S.  ft?;  Cylndski,  Gaz.  ffl\, 
WaraawA,  and  Jnz/tt.  Akwi.  d.  U'tM.  in  Krakatt,  1895,  ri^wirtH  in  Ccnirttlhi.  f,  PkyrtiuL, 
Leipdgn.  Wien,  18Ji5,  S.  172;  Veliih,  Wir^i  nud.  Hi.,  IHUti  ;  Bi*^dl,  Ajk.  d.  k.  l\  firs.  d. 
Aerztt,  in  IFim.  1«&6,  and  Arch.  f\  d.  yt».  PhifninL,  Bonn,  1SI*7,  B*l.  I  xvii.  ;  tJottlifb,  Arrh. 
/  exjMf.  Paih.  u.  Pkarmakol.,  Ltripxig,  ]J^9fi,  S.  99;  Oaana,  Ad.  d.  f.  sw.  cvp.  d.  Hi  At. 
Nnt.,  Miidrid,  1897, 

'  Figs.  87,  8S,  8n.  m.  ai>d  91  arfl  taken  from  tho  Jtrmn.  Pkipitfl.,  Caujliridge  and 
Lonilun.  r89r»j  vol.  xviii.  No.  3. 
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nerve.     It  iw  ux  no  way  comparable  to  a  ciirari  eHect,  for  the  numcles 

remain  as  excitable  through  their  nerven  ob  before.     It  m  therefore  au 
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and  the  hejirt  is  therefore  still  in  connection  with  t!ie  cardio -inhibitory 
centre  in  the  nieihilla  oblongat^a,  the  action  of  enpnirenal  extract  is  to 
slow,  and  even  tn  eiitirely  Ktop^  the  contractions  of  the  imriele.  Under 
theue  circnmBtances  the  ventricle  contnuies  beating  witli  an  indejiendent 
slow  rhytlim  (Fig.  88).  The  result  is  to  cause  the  pulse  to  be  very 
slow.  On  the  other  hand,  when  the  vagi  are  cut  or  their  cardiac  endfi 
paralysed  by  atropine,  the  eflect  ui>on  the  lieart  is  precisely  the  reverse 
(Fig.  89).  Tlie  strengtli  and  frequency  of  the  auricular  contractions 
are  markedly  increased,  and  those  of  the  ventricle  are  ct»rrespond- 
ingly  augmented.  This  naturally  has  the  effect  of  sending  a  vastly 
greater  amount  of  blood  into  the  arteries,  which  by  itself  would  aliine 
produce  a  gi'eat  rise  in  the  arterial  pressure.     The  direct  action  upon 


Ftti,  &0.— ElTett  of  supraiciittl  t'Xtmct  njioii  licort,  1iiiil»,  splipn,  and  \\\nm\  |ire*«iire,  nHfT 
wotiuii  of  eord  and  Viigi,  Th«  IVjrciiriii  in  thiri  experiiuent  waj*  at  HrNi  [Aastvelr 
excluded,  but  its  eoatiactkm  w  aftcrwanla  iiiiinireHt.     (Keduced  to  one-fialf.) 

tfie  arteries  is,  however,  r[uile  as  marked  as  that  upon  the  Iieart 
If  the  blonil  pressure  be  taken  in  a  tlftg  in  the  usual  way,  by  connect- 
ing a  mercurial  nianunieter  with  the  femoral  artery,  and  if  a  minute 
dose  of  suprarenal  extract  be  now  injected  into  a  vein,  it  is  found  that 
even  with  the  vagi  uncut,  and  the  heart  therefore  shiweil  by  the  action 
of  the  extract,  the  blood  pressure  rises  considerably  (Fig.  88).  But 
with  the  vagi  cut  or  imralysed  by  atro]>ine  tlie  rise  can  only  be 
characterised  as  enormous  (Fig.  89). 

The  contraction  f>f  the  aiteries  is  further  exemplified  by  the  fact  that 
if  an  organ,  such  as  a  limb  or  the  kidney  or  the  spleen,  l:>e  enclosed  within 


INTRA  VENOUS  INJECTION  OF  SUPRARENAL  EXTRACT  955 

a  plethyBinograph  or  oiicnmeter,  the  in&trument  inclicabes  a  great 
dimimition  in  voliiiue  uf  the  orgaiu  wliich  can  only  he  accountetl  for  hy  a 
contraction  uf  its  arterioles.^  This  contraction  m  produced  hy  tlie  direct 
action  of  the  drug  npon  the  muscular  tissue  of  the  smaller  arteries,  and 
not  inilirectly  through  the  vasomotor  centre;  for  it  ohtains  i!i  tiie  nianuaal 
equally  well  with  the  spinal  cord  cut  tjr  t!ie  bulh  destroyed  (Fig.  DO),  or 
even  in  the  Ciise  id'  the  arm  after  the  brachial  jdexus  has  been  severed 
(Fig.  91).  Tn  the  fi(»g  it  is  lunduced  also  witli  the  hrain  and  spinal  cord 
c^impletely  destroyed,  when  salt  solution  coutiiining  suprarenal  extract  is 
allowed  to  tiuw  through  the  arteries.  Under  these  circunistances  the 
riow  of  fluid,  which,  without  the  suprarenal  extract,  may  ha%^e  heen  com- 
ji^ratively  rapid,  licvcomes  alnupst  completely  Bto[»ped,  and  tins  Ciin  only 
be  due  to  the  tlirect  action  of  the  extractive  substance  upon  the  museular 
tissue  of  the  smaller  arteries. 

The  en<u"mous  rise  uf  blood  pressure  which  is  gut  after  the  vagi  have 
Ijeen  cut,  is  shown  in  the  tmcings  (Figs.  80  ami  00) :  ilie  pressure  may  rise 
to  four  or  five  times  its  original  height.  Hardly  any  other  agent  wilt 
produce  such  an  enoroious  increase  of  jiressure,  except  direct  stinndatiiJii 
of  the  vasomntor  centre.  It  is  not  the  case,  however,  that  the  elevation 
of  blood  [jressnre,  and  the  c(»ntraebiiui  uf  tlui  arteries,  is  due  tit  the 
stimuhitiun  uf  the  vasomotor  centre  liy  the  drug,  as  was  supposed  by 
C}'bulski  and  Szymonowicz,  for,  as  we  luive  seen,  the  action  is  essentially 
a  periidieral  une.  As  shown  by  Ohver,-  it  will  <n?cur  if  the  extract  l*e 
dii-ectly  applied  to  the  vesvsels  of  the  mesentery,  either  during  life  or 
in  the  '*  surviving  "  condition. 

The  effect  uf  intnivenous  injectinn  upon  tlie  blood  prcHfiure  [Misses  oti'  in  the 
courne  of  a  few  minute*.  Afti-r  a  ih>st%  an  niattor  whothrr  sinnli  or  Luge,  has 
been  injei:ted  intii  a  vein,  and  ]ai8  iimiiureil  the  re^ultH  whinh  Ave  have 
recorded,  tlie  bluoil  ves^^ela  slowly  rp.suaie  their  unlinary  ealiljre,  tho  au;^'rncnU- 
tion  and  iiicreayeil  frcqueiiny  of  the  heart's  beats  heeoaie  gmdiially  lessen ed, 
and  the  blood  pressure  recovers  its  ntirnial  t:t>ndition.  Whilst  the  pressure  ia 
raised  under  the  aetinn  of  suj^rarenal  extract,  there  is  apimreiitly  no  pos.sihility 
of  inhibiting  the  arterial  contraftiun  ;  even  the  stri«ngest  stiniulatiuu  of  the 
depressor  nerve,  whieh  utider  ordinary  ciri'umstaniew  jirotluees  throu^di  the 
vasomotor  centre  a  laarlied  dilatation  of  the  arteriulci*,  is  without  result  during 
the  activity  of  this  extract.  The  (luestion  natiually  arises,  flow  is  it  that  llie 
effect  Bo  «oon  disa]»]>ears  ?  In  what  manner  is  the  active  iiririciple  eliniiuittcd  ? 
It  is  not  eliminated  by  the  kidneys,  for  the  e fleet  jiusses  off  juat  fis  tpuekly 
even  althoufjh  the  reujd  arteries  are  clamped.  It  is  not  eliminated  l^y  the 
Buprarenals  themselveH,  for  the  ^anie  faet  liolds  ^om\  for  the  supmrenalj*.  It 
passes  off  ahnu8t  equally  quickly  if  the  aortii  and  vena  cava  are  tied  in  the 
upper  part  of  the  abdomen,  so  that  there  is  no  eirculation  of  blood  what<"verin 
the  nbdominid  organs,  Tt  is  not  oxidised  or  ritherwise  destroyed  by  the  blooil, 
for  it  retains  its  full  poteney  even  after  it  him  been  twenty -four  hoiti^  in 
contact  with  that  fluid.  The  most  probable  explanation  of  the  disa]^|H?arani"e 
of  the  efFect  seems  to  Vie  that  the  active  [)rini'iple  iKH-omes  packed  away,  and 
eventually  rendered  innocuous  in  certain  (jr^mns.  That  the  muscles  take  most 
part  in  this  storage  is  pro  babies  from  tlie  fact  that  the  physiohigrcal  eO'ects  ujmiu 
the  skeletal  muscles  are  manifested  for  a  long  time  after  the  effects  upon  the 
heart  and  arteries  have  disajipeared, 

^  III  iiiori  the  rlFyf't  <pf  tiikiu^' siij^raniial  extract  liy  tlie  iTiointh  is  to  jircwliici*  a  gf  iieml 
dinilRntioti  in  tnlibn-  of  l\w.  (Ottiiien  sts  incasim'ti  l>y  llic  artmuniiitcr  (Oliver,  "Crooiiiaa 
Iiecturea,"  Xff?irf/,  lyjmlou,  l.s^ii). 

'  **Prtn\  Plivsiok  Soc'^i/iiwrii,  Phif^iuL^  <JaTiil»ndge  au'l  Loiiduii,  March  1897. 
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organ,  lias  been  coniirmed  in  an  intereating  manner  l^y  the  observ^ations 
of  Swale  Vincent  iipt>o  the  j^danda  of  tisbes,*  ElasmobrancbB  possess 
two  sets  of  organs,  wbiuh  appear  from  t!ieir  atriicture  to  represent  tbe 
suprarenal  tapsules  of  other  vertel*rates  :  the  one  of  these,  the  initr-rtmal 
Imdy  of  Balfour,  liej^  between  tbe  posterior  part  of  tbe  kidneys  in  the 
middle  line  :  tbe  oLlier,  \X\%  jmral  Imlki^  of  iVilbnir,  forniR  a  series  lying 
on  either  side,  segmen tally  arrange^l,  on  tbe  branches  of  tbe  dorsal  aorta. 
TeleosU  ^lossess  nnly  one  kind  of  gland  representing  tbe  suprarenal : 
this  in  its  structure  is  similar  to  t!ie  inter-renal  of  Elasmobranchs.  As 
Vineent  has  shown,  tlie  ndnyte  structure  of  the  jiaired  bodies  of 
Elasmobranchs  resembles  that  of  the  metbdla  of  tbe  suprarenal  of  other 
vertebrates,  while  tbe  inter-renal  body  is  similar  to  the  cortex  of  the 
ordinary  vertebrate  sn)U'arenal.^  The  |>tiysiologiea]  test  shows  this  in  a 
striking  manner,  for  injcetion  of  an  extract  uf  the  j^aired  botlies  of 
Elasmobranchs  priKluces  in  a  marked  ilcgree  tbe  phenomena  which  are 
characteristic  of  the  inednlln  of  the  nmniniaban  suprarenal,  while  extracts 
of  the  inter- rena Is  of  Elasmnljninehs  and  of  the  corresponding  organs 
of  Tele<jsts  !iavc  no  svu'b  cMcct.^ 

Boee* — ^One  of  the  most  interesting  and  iinportixnt  facts  r^arding 
the  material  which  is  yielded  by  the  suprarenals,  is  the  ndnuteness  of 
the  dose  which  is  n(»fcssary  to  produce  the  results.  As  little  as  l''0055 
grnis.  (5i  mgrms.)  of  dried  HU|a"arenal  is  sutticient  to  obtain  a  maximal 
effect  upon  the  heart  ami  arteries  in  a  dog  weigldng  10  kilos.  For  each 
kilogramme  of  body  weiglit,  ttierefore,  the  necessary  ([uantity  to  produce 
a  maximal  eflect  is  000055  grms.,  iw  little  mt^re  tlian  half  a  mgrm,* 
Tire  active  jirinciple  is,  however,  contained  only  in  the  medulla  of  tbe 
gland,  not  in  tbe  cortex,  and  the  medulla  in  all  ]jrobability  does  mjt  form 
more  than  one-fourth  of  tbe  eapside  by  weight.  (3f  the  dried  medulla 
certainly  not  less  than  nine-ten  if  is  is  cfuuposcil  of  jiroteitJ  and  other 
material  which  is  not  dialysable,  and  winch  otlierwise  does  not  conform 
to  the  chemical  pro])ertie8  whirb  are  associated  with  the  active  snljstanee 
of  the  gland,  Sti  tliat,  if  wc  t^tkc  these  facts  into  consideration,  we  find 
thatjin  order  to  pr<jtlucc  a  maximal  cflcct,a  dose  of  notujore  tlian  fourteen- 
inilliontbs  of  a  gi^m.  of  the  active  material  ]>er  kilo,  of  body-weight 
is  all  that  is  neccssjiry.  Now  it  is  ccrtaiidy  true  to  my  that  one- 
fourteenth  of  this  dose  will  jiroduce  some  eM'ect,  although  not  perhaps  a 
very  large  one.  We  thus  arrive  at  tbe  astounding  conclusion,  that  the 
active  principle  of  the  suprarenal  capstdes,  atlministered  in  the  pro- 
portion of  not  more  tlian  one-nnllionth  part  of  a  grm.  per  kilo,  of  body 
weight,  which  wnul<l  lie  equivalent  to  ^pj^^j^  grms.  (less  than  ^\^  of  a 
grain)  for  an  adult  man,  is  still  sutticicnt  to  produce  distinct  pliysio- 
logical  results  upon  the  heart  anil  arteries.^ 

*  Anc^.  Ans.,^  Jen  a,  1897,  S»  47  ;  **  Pioc.  PliyMol.  Soc*,"  Joum.  Phifxttff,,  Cambridge  anil 
LotKlon,  Miircli  1^97,  and  Prf^r.  Botf.  Sfic.  LMuJmt^  1897,  vol.  Ixi.  \k  fi4:  nnd  vot  Ixii.  p.  176. 

-  Thnnf^  liouuilogks  wertf  lun^  siiu'p  iuJfind  liy  Li'yfiij<  from  a  wtndv  *if  tlitur  stj-ucture 
(**  Fiselie  11,  Htjptilicn/'  I'l'iliu,  ISOIJj.  iOid  lutiir  \yy  Balfour  frotu  a  attiily  of  tlieir  devfclup- 
nicnt  ("  ComjMirativc  ETidir}olo|»y/'  188],  v«L  if.  p.  r>49), 

'  It  JM,  luiwev*  t;  diHirnlt  to  avuki  rfiiitaoiiimti<»i>  witli  tlie  puiied  botlies  in  oxtra«ting 
the  tnU'i-riniil.  Vincent  lia.s  idso  ItiUiid.  in  un  ex|ierinienf  \vlii<:h  in  not  yvi  jiuhliNhed,  ibflt 
an  eel  will  Miivvive,  lor  s^jiip  weeks  at  all  events,  removal  ol  tine  glandM  wliidi  appear  to  be 
tlie  only  reiire.s*ntjitiv<*  of  tlie  nuuiinialian  snprarfuals,  liiit  eontain  vim  medullary  tissue. 

*  The  proportion  of  suprarenal  rajsjiule  to  bo*ty  vieight  ia  given  by  Langloia  a^  from 
r<iV^  ^0  ^Ji^iu  in  the  do-rr, 

*  Thccheniieal  natnre  of  l\m  afHive  priTioiple  m  still  obscnrep  nitice,  in  »pit<*  of  mnch  work 
on  this  Hubject,  it  baa  never  Viecn  isolated.  TIik  history  of  thisi  hftEi  been  already  dealt 
with  by  Hftlliburttin,  olong  with  the  chemistry  of  the  Nuprarenala,  on  pp*  90-92, 
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Conclusions. —It  may  be  considered  probable  tbat  the  suprareual 
eapfiules  are  continually  secreting  into  the  blood  an  active  material,  whiclu 
although  present  in  that  fluid  only  in  minute  quantities,  may  yet  be  suf- 
ficient to  produce  very  distinct  effects  ujion  the  metabolic  proc-esses  of 
muscular  tissue,  and  especially  the  muscular  tissues  of  the  vascular 

system.  It  has,  in  fact,  been  sttit-ed  by 
CH'bulski,  and  this  statement  has  l»een 
contirmed  by  I^nglois  and  by  Biedl,^  that 
the  blood  of  the  suprarenal  vein  c{»ntains 
a  HufHeicnt  amount  of  the  active  prin- 
ciple of  suprarenal  extract  to  proJnee  a 
nmrketl  rise  <jf  blood  pressure  when  intm- 
venously  injected.  1  have,  in  spite  of 
careful  cxpcrimeuts,  not  been  able  ruyself 
to  contirm  this  statement.  Xor  is  it 
easy  to  understand  how  it  can  be  true, 
.^  since   such   blood   is   constantly   tlowiiifj 


Fia.  93,— j4.  Er^oi^iaph  trftcin^  of  a  jwrson  sufTmog  from  Ailclisoo's  di«e«jie. 
B,  TraPin^  from  the  Kiiiiie  person  after  six  weeks'  treatmi?Dt  with  suprarenal 
extract* ^Liingl oil*.     A^  tiatiinil  size  ;  By  reduted  to  oue-lialf. 

into  the  vena  cava  in  larger  quantity  tliau  these  oljservers  injected. 
But  wlietber  we  are  able  to  show  it  experimentally  or  not,  there  is 
very  little  doubt  of  the  fact  that  the  materials  formed  pass  somehow 
or  other  int4j  the  blood ;  and  when  we  comp^ire  the  results  of  supra- 
renal injection  with  the  effects  obtained  from  the  removal  and  from 
disease  of  these  organs,  we  can  come  to  no  other  conclusion  than 
that  we  have  before  us  a  notable  instance  of  internal  secretion ;  and 
that  the  eH'ect  of  such  secretion  passed  into  the  bliKul  is  beneficial 
to  the  muscular  contraction  and  tone  of  the  cardiac  and  vascular 
walls,  and  even  of  the  skeletal  muscles,  appears  very  evident  from 
the  results  both  of  removal  of  the  organs  and  of  injection  of  their 
extracts.* 

*  Arch.f.  d.  grs.  PhynoL,  Bonn,  1897,  IM.  Ixvii. 

"^  Thiii  coiichmion,  which  is  the  one  arrived  at  by  Oliver  and  m  jsclf,  m  diU'ereut  from  iknX 
of  Abt4nuii  and  Lan^lui't,  hIiIoIi  thfy  lorniulate  thus:— "I^eji  capsules  sum^tiateji  aiii  pour 
fonction  de  nentrali^er  on  de  detruire  df>]$  mibstaneen  tuxiquei  <f labors  au  couts  dfi 
echanges  chimiqnes  ft  spwia lenient  au  cour»  du  travail  des  musdes."  Th\&  atatemeot, 
wJiicU  may  be  taki^n  to  set  furth  the  auto-intoxication  theory  {supra,  p,  949),  was  miide  ia 
1SE*1,  flud  thert'forc  be  Tore  the  eileets  of  injectioD  of  the  cJitract  of  the  meduOtt  were  known. 
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In  advanced  cjises  of  Addison's  disease,  with  complete  degeneration  of  the 
medulla  of  the  snprarenals,  an  extnict  of  these  organs  is  devoid  of  all  phyBio- 
logieai  activity,^  8uch  patients  show,  as  already  stated,  extreme  imiscular 
weakne^ii,  and  very  m|)idly  become  fatigued,  and  their  capahility  of  raising  a 
weight,  as  estimated  by  >[o.^ijo'8  erfTDf^nqih,  is  extraordinarily  small.  In  one 
such  case,  which  was  treated  by  exhibition  of  fresh  cap-iuloi^  of  the  calf,  the 
amelioration  of  this  condition  was  found  by  Ivangloi!^  to  be  very  nuinifest 
The  above  is  well  iltustrateJ  by  the  accomi»anying  tracings— Fig.  92,  ,4,  in  a 
patient  with  Addison's  disease  ;  Fig.  9:2,  /i,  in  the  same  patient  after  hLx  weeks' 
treatment  with  sn[mirenai  captiuleii  of  the  c;ilf/-  The  tracings  arc  not  strictly 
t'ompariiblet  for  the  Keeoiid  one  was  tsiken  with  half  the  weight,  but  on  the 
othtu'  hand  it  has  b'^eii  reduced  tu  oiiedmlf. 

Influkxce  of  tfie  Sflko  on  Metabouhm. 

The  coiiHtant  nccuiTenee  and  rt:latively  hir^^e  8ize  of  this  orgiiu  in 
vertebrates,  the  very  large  nupply  of  bldod  winch  it  receives,  and  its 
intimate  anatomical  relationships  with  the  digestivti  organs,  would  seein 
to  render  it  prolmblc  tliat  it  must  have  inijiortaiit  fnnotionH  to  perform 
ill  connectioji  with  the  nutrition  id'  the  body. 

Effaotfl  of  ramoval, — This  supposition  is  not,  however  Jmrne  out  by 
the  remilt  of  experiuient,  for  it  has  been  abundantly  proved  that 
the  spleen  can  be  completely  removed  in  animals  and  in  man  without 
their  exhibiting  any  abnornnil  syioptonis  whattjver.^ 

Whether  tlie  functions  of  the  organ  cxm  be  t^tkcn  u[)  under  tlicne 
circumstances  by  other  organs,  such  as  the  lymphatic  glands,  is  a  ymiut 
which  has  not  yet  been  iletermined.  In  a  dog  from  which  I  bad  removed 
the  spleen  several  months  previiuisly,  and  which  was  exandned  for  me 
with  regard  to  this  point  by  Swale  Vincent^  there  appeared  to  be  a 
larger  nundier  of  ha-njal  lymphatic  glands  than  in  normal  dogs/  but  it 
would  require  a  long  series  of  observations  U\  establish  this  point 
conclusively.  Certainly  sucli  a  function  as  the  formation  nf  lymph 
corpuscles  may  well  be  carried  mj  by  the  abundant  lymjdioid  tissue 
which  is  present  in  other  organs  of  the  bo*ly ;  but  the  spleen  has 
undoubtedly,  in  addition  to  this,  a  certain  iuHuence  upon  the  lucmoglobin 
of  some,  at  least,  of  the  blood  cr»rpuscles  which  are  passing  through  its 
tissue,  for  we  find  h:emog]uhin  in  various  stages  of  transformation  into 
other  kinds  of  pignu'nts  within  the  cells  of  tlie  organ,  and  also  find  a 
relatively  consideraljlc  anuunit  of  iron  in  loose  organic  conihinatioTL  It 
liaa  therefore  been  sujtposed  tlait  tfic  cells  of  the  spleen  pulp  may 
produce  disintegration  of  effete  red  lilood  corpuscles,  and  that  their 
pigment  nuiy  pass  to  the  liver,  either  as  free  hsemoglobin  or  as  formed 
bile  pigment.  Neither  free  lui  luoglobin  -^  nor  bile  pigment  can,  bow- 
ever,  be  deter  ted  in  tlie  blooil  of  the  splenic  vein. 

On  the  other  band,  the  functirai  of  producing  new  red  blood 
corpuflcles    has   been   ascribed    to   the    spleen,    tm    the    grounds  that 

'  Oliver  and  Srhiifer,  lf>r.  dt, 

^  For  other  rfftTcnces  aiitl  nhsprvations  on  tlie  tuarnxrtion  ht'twtn'u  the  siuirarenalg  And 
Addison  a  diseaitp,  see  H.  D.  RfillcMtoii,  tioulMttanian  Lwturcs,  BriL  Mtd.  Joum,,  Londou, 
1895,  vob  i.;  aad  Langlois,  "  Maiadie  d'Addistm/'  ^' Dictioanftire  de  phyaiologie  de  Ch. 
Eichet,*'  Paris,  189d. 

*  Tliere  h  considc^rablo  literuture  on  this  Huhjent,  It  liiis  been  pollet^ted  by  Pernet,  and 
is  giren  bj  him  in  tlie  British  Maiiati  Juurnal  for  Novtinlier  2i\  1896. 

*  For  an  aeeoimt  of  these  orgjins,  ^itt  Swale  V'incent  and  Harrison,  Joum.  Anal,  and 
FhjsioL,  London,  1897,  vol.  xxi.  jk  1S2. 

*  Sehufer,  "Proc.  Physiol.  Soc,"  May  1890,  in  Joum.  Phtjsiol.,  Camhridgp  ami 
London,  vol  x\. 
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m  some  animals,  e.g.  ralibits,  after  extensive  blood-letting,  nucleated 
erythroblasts,  Buch  as  those  which  are  found  in  bone-marrow,  oqcmt 
both  in  the  spleen  pulp  and  in  the  blood  of  the  splenic  vein ;  and  that 
if  a  spleenless  animal  m  bled,  the  recovery  of  the  usual  jK^rcentage  of 
red  corpuscle^s  is  less  rapid  than  in  a  normal  animal.^ 

Whatever  may  be  the  nature  of  its  functions  in  relation  to  the  blcMjd, 
it  is  certain  that  the  organ  is  in  no  way  essential  to  the  notinal 
nutrition  of  the  body.  It  is,  on  the  other  hand,  not  at  all  impi-obable 
that  the  main  function  of  the  spleen  is  to  serve  a  niechanicjil  pur- 
pose, answering  as  a  reservoir  at  certain  periods  of  digestion  for  the 
blood  which  has  to  pass  through  the  portal  system ;  and  the  fact  that, 
as  was  first  shown  by  Roy,  the  spleen  noi-mally  exhibits  regidar  rhythmic 
contractions  and  dilatations,  seems  to  point  to  its  exercising  an  infill- 
ence  in  assisting  the  ilow  of  blood  tlirongh  the  portal  vein,  and  thus 
throngh  the  liver.^ 

'  f^iiilHiliael],  Arch,  dt  physhl.  iwrm.  d  path.,  Paris,  IP  J*  7,  |>p.  200,  385,  and  893. 

'  Tho  functional  fotuipctinrj  of  tiip  #tplpen  with  the  viLseiilar  aysteni  ia  dealt  with  in  the 
Article  on  '*  Circulation  "in  tlie  lU'Jtt  volume.  Ext  mots  and  decoctions  of  sjilet^u  ap|*e«r  to 
have  no  specific  t-ifect,  either  when  injcftetl  siibcut&neoufily  or  intravcTumslj.  Nor  U  •ny- 
tliing  known  %b  to  any  specifiti  functions  j)088e8s««d  hy  the  thymus  body  or  by  the  cu-ottd 
and  coceygfal  ^Innds.  Extracts  and  d<*coctions  of  the  lliynuis  ai>|>ear  to  have  no  B|»<?dfic 
etfect  M'htni  injected  uitravcnously  (OHver  and  Sehiiferr  Joum.  PhymoL^  Ciinihridg^  and 
London,  189,"^,  voL  xviii.)  or  suhcntaneouBlj  iVint'Piit,  ibiti.^  1897,  vol.  xxii,  )*  ll  haA 
heen  Rtatetl  that  reniov'rtl  of  tlii-  thynins  lu  frogs  Ls  followed  hy  a  fatal  r^aull  (Ab^loos  and 
Hillard,  Jrck,  df  physioi.  urnrm.  et  path.t  Parin,  1896,  p.  898)^  but  the  stateinent  reqaira 
corruboratiou^ 
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Admaxillary  glands,     . 
Ad»or|ttioD, 
Aero  ton  omctiT, 
Adhaiiuni  stpHcmn^ 
Affinity,  nieehanieal,     . 
Air,  alvei>lEir, 
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changes  in,  during  reapiration,    754,  756 

Alanine 31 

Albino  rabbit,       ....        37,  173 

Albrt^cht's  Gfaskorper^  .         .         .     222 

Alliiiinin,      ..,,*,       49 

,,         acid.     See  Aeid  a/bumin. 

,,         alkali,   .         .         ,29,  50,  96,  436 

,,  ,,      reducing  substance  from,    64 

,,         of  aqneoiia  humour,        .         .     122 

,,         Rsh-frefl,         ....       25 

,,         awiiniilatioTi  of,      .         ,         ,     878 

of  blood  pla>ma,    .         .      161,163 

„         ,,  cells,  ...  81,  82 

,,  chyle 183 

,,         cuagidation  tenij»eratnre  of,  .       43 

,,         egg.     See  Efjfj  albtt7mn. 

,,         formula  of,  \         .         .         .26 

,,         of  iiitestinal  juice,  .         .     557 

,,  kidney,      ....       93 

„  len.s  ....     124 

,,         ,,  liver,         .         .         .         .86 

„  lymph,      .         .         .         .182 

,,         ,,  milk.     See  Lucialbiimin, 

,,         molecular  weight  of,      .         .       2fl 

,,         of  nuisclc,      .         .         .96,  97,  98 

,,         ,,  nervous  tisane!*,  .         .118 

,,         ,,  i^eas,  osaKonc  from,    .         .       64 

,,         precipitation  of,  mechanical,        43 

„  ,,  ,,    by  salts,       .       42 

,,         rotatory  iKJwer  of,  .         .       46 

,,         of  acbimi,       ,         .         ,         .674 

„         ,,  aenira.     See  Strum  albttmin. 

,,         ,,  thyroid,     .         .         .         .^     89 

,,         in  urine,        ,         ,         ,437,  604 

,,         vegetable,      .         .         ,  51,  64 

Allniminatea;        .         .         .         ,28,  40,  50 

vegetable,         .         .         .51 

Alburninoifi  degeneration,     .         .         .74 
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Albuminoids^ 

,,  digest  10 D  of, 

Albumiiio-imicoua  glands, 
All>uniiiioiiH  cells, 
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1,  2,  69,  114 

,     478 
.      477,  478 
477,  hm 


residue  of  hicniogl obi Ji»    243^  214 
Albunimiina,         ....  .     604 

J,  alimentary  J      .  .         -     437 

Albutnoid, 124 

Albumoiie,    ..*...       41 
Albuiiios<",      50,  401,  403,  404,  405,  416,  890 
,,  absorption  of,       .         ,      437,  439 

,,  ill  bacterial  digestion,  .         ,     46tf 

^,  carbohydrate  from,      .         .       64 

,,  classifn'atioD  of,  .         .         .     410 

„  from  fibrin,  .         .         .167 

,^  of  gjwtric  juii-'e,    ,         .      353,  355 

,,  influence  of,  on  eoagiilatiuD,    146, 

147,  177,  131 
,,  „  „    epithelium  on,       440 

,,  of  intestinal  juice,        .         »     557 

I,  molecular  weigbt  of,    .         .       27 

,,  nutritive  v»due  of,        .         ,     878 

j,  primary,      .         »         .      412,  416 

,,  aceoridary 412 

,,  aepfiration  of,       ,         ,      411,  412 

,,  of  unne,       .         .         *         .604 

Albumosuria,         ,         .         .         ,         .     604 

A  leap  ton 607,  630 

Alcaptonuria,        ....     607,  630 

Aleohol,        ,         .         .         .         .         .         7 

,,        ac;tion  of,  on  protcids,       -         .        41 

„        eerotyl, 20 

p,        ethyf, 470 

,,        hexatomie,       ,         ,         ,  .  4 

,,       influeucc  of,  on  body  tempera- 

til  re,    .....     820 

,,       nutritive  value  of,   ,         .         .882 

,,        ortho'uitroljen^yl,    ...         5 

Aldehyde,  aspartir,        .  .  .  38,  30 

,,         benzoic,         .         .         .         .34 

Aldepalmitic  acid,         ....     133 

AldoHca,        ......         4 

Ak'uroti  grains,     ,         .         .         .  51,  52 

Alimuiituiry  albuminuria,       .         .         .437 

givcoiiuria,         436,  609,  881,  945 

Alkali-albumiifi,    .         .         .    29,  50,  96,  436 

,^  almorption  of,       .         .     437 

,,  ciirboliydratEj  from,       .       64 

„  vf*getable,    .         .         .51 

Alkaline  tide,        .....     579 

Alkaloids,  action  of,  on  body  tcni]icra- 

ture,     .         .     821 
,,  ,,  ,,  milk  secretion,      664 

,,  ,,  ,,  pa II trreatic  secre- 

tion,      .      548,550 
,,  ,,  ,,  renal  jiecn-tioD,      645 

,,  ,,  „  salivary  seereti on,  512 

,,  ,.  ,,  iikin  secretion,  673, 679 

,,         animal,         .         .  34,  58,  673 

,,         iu  bacterial  products,    .        59,  465 
Alloxan,        .         .         .         .         .         .     597 

,,        reliction  of  proteids,        .         .       48 

.,         rinj;, 597 

Alltixantin,  ......     592 

Alloxnric  ba.seis,    .         .       66,  67,  88,  98,  597 
„         nitrogen,         ,         .         ,         ,     597 

Aluminium, 78 

Alveolar  air, 774 

,,        surface  of  lungj*,     .         .         .     754 


Alrcoli,  mammary,        .         .         .661 
,,        pancreatic,        ,  .  .  - 

,,       salivary,  .         .         •         ,471 

Amanitine, 

Amido-aeetic  aeid,         .  .         31,  S7i 

Auiido-acids,  action  of  liver  on,     ,        • 
,,  from  bile  a^^ida,         .         • 

,,  ,.       prole  id   decomiiosi- 

tion»     .      29,  ao,  31,  » 
„  iu  digestion,   419,  420,  42 

,,  nutritive  value  of 

Amido-butyric  acid,      .... 
Amido-caproic  acid,      .         .  28,  S 

Anndo  ethylsulphurio  acid,  *         .         , 
Amidogen,    ....         .        • 
Amid  o- glucose,      ..... 
Amido-i^etbionie  acid, 
Amido-isobutylaetic  aeid, 
Amido-oxcthylsulphonic  acid, 

■  82,  4i 


29,  32,  42 
.  SI, ! 


Am  id  o-pyro  tartaric  acid, 
Amido-succinamie  acid, 
Ami  do 'Succinic  acid. 
Am  id  0- valerianic  acid, 
Amido-valerie  a^nd, 
AmtduUn,     . 
Aniij;^dulin,  . 
Amiue«, 

Ammoiua  fromdeoompoaition  ofAlbatni- 

notdi^  } 

tt  IF  It  ,,  cerel*o« 

sides, 

„  I,  „  ,,  proteidi 

30,  31,  j 

,,  in  digestion,  29,  76, 123 

,,  ,,  fsces,       .... 

,,  „  putrefactioD,    . 

,,  „  salis'a,      »         .         .        . 

,,  ,,  urine,  .         76,  &88 

Ammonio-niitgiH^sie  pbo^[»liate,  73, 471 
Aaimoninm  carbamate,      582,  533,  67l» 

,,  carbonate,  .         ,      7| 

,,  chloride,     ...       71 

laetatt-,       .         .       &05, 9061 
,,  pnrpumt^, 

,,  tialts  in  blood,     .       906, 907| 

,,  M     M  ^'Ot^y.      • 

,,  urate,  .... 

Amphibia,  respiratirin  of,       .        .    701^ 

„  skiu  secretions  ot, 

Amphicrcatinine,  .         .         .      6I| 

Anipho-albumo^c,  .         .         «       • 

Ampho-i)ej*tone,  .  .  104,  405, 4H 
Amphoteric  peaction,     .  .         »       • 

Amyloriextrin 1*» 

Amyloid,  animal, 

,,        degeneration, 
,,        Btibalance,      .         .         .       fl 
Amylolytic  ferments.  See  alao  F — ^** 
Anaylopsin,     ,         .      326,  323, 
,,  action  of,  on  amylof 

,,  influence  of  reaction 

,f  t^        t«  tet&pen 

Amylo^ea,  action  of  enxymes  cm 
Anaboliism,  . 
Aniline, 

Animal  alkaloids, 
,,       amyloid,  . 
dcxtran,    . 
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Anixiiml  gam,      U,  16,  63,  65, 
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133,  158, 

Assimilable  proteids,     ....     437 

613,  665 

Asisiniilatiou,         .....     869 

»,       heat,         .         .         . 

.     785 

,,            of  proteids,       .         .        38,  889 

,,       proteids,   . 

.       49 

Atmidalbnmiri, 403 

„       protc^id  poisons, 

.       55 

AtmidalbumoKe 403 

,,       quinoidine, 

.       59 

A  t  ro  pi  nc  J  act  ion  of,  on  body  tf  n  1 1  icra  tii  re,    821 

,,       wni&triij, 

.       64 

,,               ,,          „  milk  sf^cretion,         664 

Annelids,  biiemoglobin  of, 

,     187 

,,               ,,          ,,  jjanereatie  secre- 

Aallirax toxin, 

.       58 

tion,      .         .     548 

AntiAlbimiflto,       »         .      402 

404, 

406,  408 

,,               ,,          ,,  salivary  secretion, 

Antialbtimid,         .       -lOG;  404 

405, 

40f;,  408 

512,  514,  518 

Antialbumosc, 

4i>:., 

407,  418 

,,               ,,          „  skin  secret  ion,  .     680 

Aiitilytk'  i4e<:rt'tion, 

. 

.     522 

Angnienttd  stLTetion,    .         .         .     497,  525 

Antifmralytic  secretion, 

^ 

.     5-22 

Auricolo-teniiHjral  nerve,       .         .         .     482 

Autip«pti>ne,          .       103,  40ri, 

416, 

418.  420 

AussiilzuTiijf           ,         ,         .         .         ,       41 

,,             raaleciilar  weight  of, 

.       27 

Antot^ixication,     ....      942,  949 

Aniitoxirjs,  .... 

.       5.7 

Avidity  coelficient,        .         .         .         .357 

Antiveiiiu,    .... 

.       56 

„       kwof, 357 

Apatite 

.     112 

Avogadro's  hyjm thesis,          .         .         .266 

Aptujta,  condition  of  blomi  in, 

.     765 

Axilla,  temi>eratnie  of,          .      787,  788,  824 

A[>abiotie  chnngt;. 

.     519 

Aqueous  humour. 

24 

,  122,  IS'J 

Bactekta,   action  of,  in  fermentation,   312, 

1      Arabiiio«€,    .... 

2,1 

t,  Id,  612 

313,  334 

Araebic  atrid, 

.    ia3 

,,                 „          gastric  juice   on,    364, 

Arvtic  hare,  ijij«;tion  of  eoUoit 

ji  in, 

.       37 

402 

Argiaine,      .... 

29,  33 

,,                 ,,           on     proteids    in 

,,           production  of  urt^a  fi 

am, 

:J4 

intestine,       .       29 

Argon,  respiration  ot\   . 

.     754 

,,            intestinal,          .         .         .     470 

Aromatic  dcioniiKj^«itioii  piodtietB,  alKSorp- 

Bacterial   digei>tion,    absorj^tion  of  [kro- 

t ion  of,  460 

ductii  of,       .           469 

1 )                               11                       1  r 

^i  proteids,  46, 

,,              ,,          of  carbohydrates,      464, 

407,  46S 

470 

il*Ar»onvftr»  calorimeter, 

, 

,     S4a 

n            .,  I'a^sT          *         •     *71 

Arterial  blood,  fibrin  from,    . 

^ 

.     167 

,,               „            gastric,         .         .     463 

^                 „            giwcsof, 
1                  f,            bienmglobin  of, 
,,           je<!orin  of. 

154,  7t>0 

,,               ,,            inte.stinul,     .         .     464 

, 

.     180 

,,              ,,            ofkcithin,  .         .     471 

, 

.     165 

,,               ,,            ,,  proteidn,  .         ,     465 

„             augar  of, 

.     150 

,,          poi^^ou!*,  proteid,  .         .          55,  59 

Artorin,        .... 

190, 

192,  225 

,,           products,  alkaloids  of,            .       69 

ArthroiMxia,  sk  e  I  et  i  ii  h  o  f , 

, 

,       74 

Badvfium  ttcidi  Iftclki^         .         .   7,  12,  356 

,,            urea  in  njUHtles  of 

.     102 

Balance  of  nutrition,     .        .         .         .871 

Aahofree  albuniiu, 

« 

.       2& 

Baud  of  Soret,       .         .         ,       226,  227,  246 

AahofMood,        , 

. 

77 

Barfu'd*s  reaction,          .         ,         ,         ,11 

„     ,,  bone, 

77,  112 

Barley,  proteids  of,        .          ...       54 

„     „  caaeinogen, 

. 

.     139 

Ba*ioplul  corpuscles,       .         ,          .          .152 

,,     ,,  foodatufls, 

.     882 

BccH,  tein[»eraEiue  of,    .         .         .      792,  807 

,,     ,,  liver, 

, 

.       77 

Bctswax, 20 

,,     ,,  lungs, 

, 

.       77 

Benzanutlo-acetic  ariil,           ,         ,         ,600 

„     ,,  lymph,      . 

77 

Benzene,        ....          34,  72,  605 

It     1.  "oilki          .         »        77, 

131, 

662,  885 

Benzoic  acid,          .            34,  90,  600,  673,  892 

„     „  muscle, 

77.  109 

aldehyde,           .         .         .         .34 

„     „  oervons  tissut-B, 

, 

77,  116 

Ben  Koyl^ly  line, 600 

„     „  i>aiiCTcatic  juitrL^ 

, 

367,  368 

Beu/oylglyeocoll,           ....     470 

„     „  proteids,    . 

, 

.       25 

Bctaine,        ......       60 

„     „  saliva, 

347,  348 

Bicarbonate  of  stidinm,          .         .         .78 

„     „  senim. 

77,  772 

Bile, 369,  901 

„     ,,  spleen, 

, 

.       77 

,,     acid^,   .         .         .       372,  465,  474,  562 

„     „  snccxis  entericua, 

.     369 

,,        ,,      cleavage  products  of,  .         .     378 

„       „   tOttth, 

.     112 

„        ,,      isohition  of,         .         .         .374 

,,     „  urine, 

.       77 

,,       jiroprrtiea  of,       .      375,  S76,  377 

Asp&ragine,  .... 

. 

.     425 

,,       lest.-*  for,     .         .         .         .377 

Asparaginic  acid.     See  Jspank  Ari 

d. 

,,     action  of,  on  fats,     369,   392,   444,   455, 

Aspartic  acid, 

.     425 

459,  461 

,,            in  digestion,    . 

417, 

421,  425 

,,  foodstufla,          .         .     369 

_                ,,            ,,  proteid  decont 
1                                                    :29, 

position,      28, 

,,            ,,         ,,  pancreatic  diastase,  .     369 

32.  ;n,  3<i,  n 

,,         ,,   pialyn,     .         .         .339 

,,        aldehyde, 

38,  39 

„     of  animalH,   .         .         .      370,  373,  374 

Asphyxia,  bloofl  in, 

.     765 

,,     chuniical  conipoftition  of,        .         .     369 

,,          in  limited  f|unntity 

jf  !iir 

,     .     743 

„     cholcstcrin  of,    370,  371,  391,  564,  569, 

AtatiM*  milk|          , 

• 

,     131 
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,,  lecithin  nf,  .  .  370,  371,  391,  564 
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Bilifuhciti, 386 

Bilibnmin,   ......     387 

Biliphain, 382,  383 

Biliprasin, 387 

Bilipurpnrin, 385 

Bilirubin,  382,  383,  389.  474, 563,  567,  622,  629 
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absorption  of  sol u lions  by, 
acidity  of, 

action  of  s^nake- venom  on, 
alkalinity  of, 
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amount  of, 
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bilirubin  ia, 
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carbonic  ojcide  in, 
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coagulation  of, 
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action  of  spleen  on, 

„  amount  of, 

,,  compofiition  of, 
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„  permeability  of,      271 
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oxidation  in, 
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of,     ....     180 

,,        organic  constitnettts  of,      157 

„        proteids  of,  .         .        24,  181 

platelets,  .         .         .      141,  156,  180 

pressure,  influence  of,  on  lyniph* 

flow. 


secretion, 


urinary 


H% 


INDEX  OF  SUBJECTS. 


967 


FAOB 

,     352 

.     144 

152,  9ti5 

,     143 

211.  225 

,     346 

.     82tf 

.      173,  173 

160,  900,  902 

.      im,  762 


208, 


Blood,  quotient,  . 

,,       reaction  of, 

„       reducing  snl>fltance«  of, 

f,       specific  grayity  of, 

„       sijectrtiiii  of, 

,j       sulpht>- cyan  ate  in, 

„       temiKjrature  of, , 

„       utieoaj^ilahlf,     , 

y,       urea  10^* 

„       venous,  gases  of, 

„       Tosaek,  absorption  of  lynijth  by,    302, 

HU3,  SOU 

„  „  „  ,,  prot«idsbv,  309, 

900 
Bone  ash, 112 

„     ehemiatry  of,        .         .         .         .Ill 

»,     earth, Ill 

Border  cells,  ....  532,  554 
Br/ttcher'a  test,  .....  7 
Bofrman's  theory  of  nriuary  secretion,      639, 

653,  658 

Boyle*8  law, 265 

Brain.     See  Kttx^us  t\s9Uts, 

Breaat 124,  662,  665 

Bmmanil 34 

Bromelin,     ......       54 

Bromofonn,  .....       84 

Brucin,  inliuence  of,  on  liody  t«niii*?ra' 

tnre .     821 

BrUuke's  metliod  of  estinniting   prota^i 
lysis, . 


Brunner'ft  glaods, 
Buccal  mncns, 
,,      nerve, 
Batfalo,  milk  of,  . 
Batfy  layer, 
Hutalariioe,  . 
Butter, 

I»i^vent  of, 


s(|>arating  proteiils, 


323 

40 

554 

344,  348 

.     482 

131,  132 

.     146 

31,  32,  4t?l 

133,  8:U 

20 


Butyric  licid,  ^4,  133,  .^55,  470,  471,  615,  672 

Cachexia  drumiprira  vet  thffrfoprivaf 
Ca/flaverine,  .         .         .         .         59 

Catfeiii,  action  of,  cm  renal  !iet'rf>tion,     , 
,,       influoute  of,  un  I>iMly  tenii^era- 
tur( 


CaisAOti  diiicaai?,     ..... 
Calcium,       .,,... 

„        carbonaUs       .  76,  78,  111,  344, 

„         oaieate 135, 

,,        chloride,  .... 

,,        fluoride,  .        .        .78, 

„        in  VtveT,  ..... 

,,        oxalate,  ,         .         .         ,        78, 

,,        phoHpbate.  76,  78,  111,113,  13«i, 
157,  473,  633, 

,,        aattii  in  1>o<ly,  .... 
,»     ,r  PgK-yolk,     , 

>>  ,»     ,,  milk 

, ,  , ,    i  II  fl  uence  o  r,  on  u  t»a;;  u  1  ft  t  i  on , 

134,146, 147,  Uii>,  175, 177, 

,,  ,,    nutritive  value  of,    . 

,,  }p    iu  protcids, 

„  „    in  urine, 

,,        sulphate,         .... 

,f        urate, 

Calorie,         ...... 

Calorimeter, 

Cftlorimetrie  experiments, 


919 
,  60 
648 

821 
737 
2 
501 
136 
111 
111 

87 
614 
153 
882 

78 
8S6 
886 
42, 
179 
886 

25 
634 

78 

78 
834 
844 
846 


PAOK 

Camel,  milk  of, 131 

Cane^augar,      2,  4,  9,  10,  S98,  486,  556,  834, 

835,  887 

„  absorption  of,      .         .         .435 

„  aHsimilation  of,   .         .      S80,  881 

„  digestion  of,        .         .         .     398 

inversion  of,        10,  398,  556,  558 

,,  in  urine,     ....     881 

Caj>acity,  vital,     .         .         .         .      750,  753 

Capillaries,  al+sori>tion  of  lympb  by,      .     306 

„  alimeutary,  ahsojptiou  by,  .     433 

,,  permeability  of,  .         .         .     296 

Capriti  acid,  .         .         .         .133,  470,  673 

Caproic  at  id,         ....      133,  672 

Caprylie  acid,        .         .         .         .        34,  133 

C I  ram  el,       .         .         .         .         .       6,  7,  10 

Carl>i>nate  of  animoniuiu,      .         .      906,  907 

Carbohydrates,      .         .         .         .         .    1,  2 

,,  absorption  of,        .         ,     431 

,,  bacterial  digest ioD  of,  464,  470 


of  bloo*l  plasma^ 
curb  oil  of, 
claasijieatirji]  of,     . 
in  diet, 
iligestion  of, 
fat  forrnatiun  frotn, 
heat  value  of, 
influence     *if,    uti 

Meeretitm,  . 
of  uif^at, 
meUtbolism  of, 
of  milk, 
nitrogen  of,  . 
from  iiueleie  acid, 
nutritive  value  of, 
from  prut  c  id  9, 
of  urine, 

.      606, 


Carliolit;  acid 
CHrlKthtrifl,  . 
Ciirbori,         .         .         .         . 

,,       of  fi>tj<lstulfa,    , 
Carlwn-diuxiile  hfcmoglybiu, 
Ciirl»ODate  of  atnniotiium, 


157 

873 

4 

872,  876 

355,  393 

.     931 

S74,  875 

bile 

.   tm 

.  96 
.  916 
.     132 

.     873 

m,  67 

.     880 

64 

.     607 

607,  630 

607,  630 

2 

.     873 

.     242 

.       78 


76,  73,  111,  344,  501 

.  76,  7S,  145,  l.^M 

.       79 

.     772 

.     634 

77 


773 
729 
ir.4 


,,         ,,  f  aleinm, 
,,  HOtlium, 

CarbfJimtcs  of  bwly,  .... 

,,  ,,  !Mrum,  .... 

,,  ,,  urine,  .... 

Carbonic  aciil,       ,  .        -         . 

„  ,,    absorption  nl\  by  lurmo 

„  ,,    of  alimentary  canal, 

,,  ,,     ,,  l<lo«Hly 

,,  ,,    in  batitertal  digention,  29,470, 

472 
,,  ,,    exeretinn  dm  iiig  inanition,    889 

,,  ,,    in  ft-rmentation,       .  7,  319 

,,  „    intiuence  of,  on  eoagula- 

tiotj 177 

,,  „    of  milk,  .         .         .      129,  ISO 

,,  ,,    i!i  niiiHcIc,     110,  840,  896,  911 

,,  „    ,,  p rot eid decoui position,      26, 

28,  31,  34,  71 
„  y,    „  reapiration.    (Sec   also 

Jiespirct- 

piratory 
e^chamje.) 

692,  709 
„         ,,    ,,        ,,       cMtiLnmtion  of,    695 


96S                                   INDEX  OF  SUBJECTS, 

J 

PAOE 

YAOS 

Carbonic  acid,  respiration  of,        ,     739,  742 

Cells,  demilune,   . 

,         , 

.     478 
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Cerolcin, 

,       20 

,,         eiiniination  of  phosphates  by,       79 
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Carp,  ichtbulin  of,        ....       64 

Cervical  ganglion,  siiperior. 

4S4,  523 

Carrotin, 20 

Cetvl  akoho  , 

J 

20,  675 
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Coral, 

75,  78 

Crystallised  bile,  .         .         .        .         ,     373 

Cornea,         ,         ,         ,         . 

.     121 

Crystalloids,          ....         43,  53 

Com  ea- mucoid  I,     . 

63,  121 

Crystals,  Teiehtnaun'a,          ,         .      252,  263 

Coruein 

.  74,  75,  76 

Curari,  influence  of,  on  body  tempera- 

Corni cry  stall  in,    . 

Corpus  luttum,  pij^nient  of,  . 

.       75 

ture 821,  841 

.       20 

Cuni 184 

Corpuijcles,  basophil,    * 

.     152 

Currents  of  action,        ....     082 

„           of  blooil.     Seo  B^ood  corpus- 

,,         ingoing,          ....     582 

ch^. 

,,         outgoing 682 

II          colostrnm,  . 

.     e62 

of  rest 682 

„           eij^inopliil, . 

,       84 

Cutaneous  rcspi ration,  «         ,         .         ,     723 

,,           oxyphil,      . 

.     152 

,,                     of  ampliibta,       ,     723 

,,          salivary,     . 

344,  501,  663 

,,                     ,,  mammala,      .     726 

Cort«3r,  cerebral,  iniluence  of,  on  salivary 

Cutile-fisb,  iikeletLnii  of,        .        «        .       74 

Rfcretion, 

.     484 

Cyanalcobols,        .....       39 

Cotton  Heint,  pioteida  of, 

,       54 

Cyanh^nmtin,      .         .         .         .         .249 

<'ow,  milk  of. 

.     129 

Cyanogen  haemoglobin,         ,         .         .242 

Cranial  nervi?a  to  salivary  glands,      479,  482, 

,,        metbiiimoglobin,  .        ,        .248 

504,  512 

Cyauuric  acid, 581 

Crawford'a  calorimeter^ 

.     844 

Cysteiu, $4 

Craylish,  p^.p*iin  of, 

.     3:10 

Cystin,         ....          34.^,602 

Cream,          .... 

.      125,  133 

Cyfltinaria, 59,  082 

Cn^tine,      .... 

.     100 

Cytoglobin 68 

,,        of  blood -plasma, 

.    \m 

Cytosme, 86,  683 

,,         ,,  kidney, 

.       92 

,,  milk, 

.     .    .     12fi 
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,,  muacle, 

.      100,  904 

Degeneration,  amyloid  or  waxy,   ,         .       74 

,,         ,,  iiervouH  tissues,  . 

.     lift 

l>hydrocholalie  acid,  ....     881 

,,         nutritive  value  of,  * 

.     880 

Dehydrolysis 636 

,,         nlation  of,  to  lysatine 

,   .       33,  427 

DenSlune  cells, 478 

,,         of  testis. 

.       93 

„         glands,          ....     478 

„         ,j  torfM^do  organ,     . 

.     Ill 

Deutine, 112 

.,         ,.  urine, 

.     598 

Deposit,  lateritioas,      .         ,         .         ,688 

Creatinine,  .... 

«0,  100,  598 

Dermoid  eyst, 675 

^,            of  blood  plaHma, 

,     160 

Descemet^a  membrane,           ,         .       64,  121 

„           estimation  of, 

.     599 

DesoJtyijholalic  acid 881 

„          identiliealiou  of, 

.     101 

Dewtero-albumose.         .     410,  412,  413,  414, 

„           isolation  of. 

.     599 

416,  418,  420 

„          mereurii". chloride, 

.     599 

Deutero-elastoBe,           ...       72,  430 

,p          of  milk, 

.     12^; 

Di^ntero-gelatose,            .         .         .        71,  429 

„           ,,  muscle,  . 

.     100 

Deiitero -proteoee,           .         .         .          45,  46 

^,           prniwrtie^i  of, 

.     598 

Devoto  H  method  of  separating  protelda,       40 

#,          ri'lation  of,  to  lysat 

nine,  33,  427 

Di^xtrau,  animal,           .         ,         .         .16 

„          salta  of. 

.     599 

Dextrin,         4,  13.  14,  16,  105,  393,  395,  396 

„           of  sweat,     . 

.     672 

,,       absorption  of,  *        •         .         ,     484 

,,           testa  for,     . 

.     599 

Dextrosazoue,        .         .        .         ,         8,  612 

,,           of  urine,      .       fijl, 

572,  598,  638 

Dextrose,       4,  6,  8,  9,  10,  15,  896,  397,  435, 

„          zinc-chiorMe, 

.     599 

834,  835.  837 

Creaol,           .         .         ,         4fi, 

470,  G06,  607 

,,         a-ssimilation  of,       .         ,     880,  881 

Crotlain 

.       56 

of  blood,      158,  610,  894,  914,  916, 

Cruorin,  purple,   , 

.     229 

917,  920,  923,  925,  928 

Cnisocreatifjine,   . 

.        61,  101 

„  mufiele,       .       100,  105,  HO.  606 

Crustacea,  htinicjcyanin  of,    . 

.       61 

„  urine,         .     608,  881,  894,  930, 

,,          hivnioglobin  of,    . 

.     187 

926,928 

,,          respiration  of. 

.      702,  703 

Diabetes,      .        .        ,      921,  926.  927,  929 

Hheli  of,       . 

.       78 

Diabetic  puncture,         .         .         .         •     919 

,,          skeletin«  of, 

.       74 

Diaceti<^  aeid,        ....      616,  881 

Crypts  of  Lteberkuhn,  , 

.     564 

Diauctin,      ......       18 

Crystallio 

.        43,  123 

Dialysis  of  proteid  solutions,         .         .       43 
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Diamidc 

>-caproic  acid,   .         .         .       31,427 

DiB8ociatton  of  oxybienioglobin,    . 

774 

t* 

valerianic  acid^       .         .         .33 

,,          teuiiion  of, 

775 

IHoMate 

animal  mi  mlirattr,         .         .     327 

Diateary  I  -  gly  «?ro-  pbosph  oric  acid , 

22 

DiAstaM 

,  ni&lt 393,  394 

,,        lecitbin, 

22 

It 

nature  of,         ....       54 

Distributioo  coetlicient. 

354 

Diutasimetrjr,      ....     322,  325 

Diureides,     ..... 

586 

Uiastatic  femientSp     160,  319,  322,  325,  326, 

Diuretics 

647 

338,  ^n,  369,  390,  393, 

Dog,  ha'rnoglobin  of,  193,  198,  199, 

201, 

202, 

398,  399,  503,  552,  556, 

203 

,  206 

658,  925,  926,  929 

,,    milk  of.        .... 

130 

,  131 

•« 

„         of  blcKjd,             .      160,  &2i# 

,,     respiratory  excbangc  of. 

707 

»> 

„         ea  ti  ma  tion  of  at'  ii v  i  t  j 

,,    salivnof, "    .        327,  345,  346, 

347 

,  348 

of,          .         .     322,  325 

,,    aalivarv  glaiidfi  of, 
L>o|pbin,  milk  of. 

476 

II 

, ,        in liuen ce  of,  on  coagu- 

, 

131 

lation,  .         .      146,  147 

iJrecbMrs  Imsea,    ...          3S,  34 

,  426 

Pf 

,,         vofTetabie,         .         .       51 

Duboisino,  action  of,  on  sir  eat  secretion. 

680 

Dibromaeetii^  acid,        .         .         .         .34 

Dult'ite, 

4 

Dtcalciuei  c^^f^in,          .         .         .         *     136 

Dukmg's  calorimeter,    . 

844 

Diet,  compofiitioii  of,     .         ,         .      872,  875 

DysalbuiiiDtie,        .... 

410 

,,     lieat  value  of,       .         .         .      S74,  875 

Dyslyaina 378, 

380 

382 

„     [iroteid 891 

Dyjifieptonc,          .... 

403 

420 

,)     special  constituents  of,        .        .     87^ 

DysjtniLcit'  at?crttion  of  aaliva,       493, 

521 

522 

„     Ubicof, 877 

Dilfiuion 

,..,'.,     262 

Ei'K's  fi.Htula,         .... 

906 

11 

of  prot«fliiefl,           ...       45 

fvlcHtiii,         ..... 

54 

If 

in  reMi>iratory  excliangc,         .     779 

Egg  ftllHTmin 25,  26,  27 

Digestion  of  AlbuuiinDidii,     .         .         .429 

, ,           action  of  tbmialdeliyde  on. 

50 

jt 

baett.'ria1,  absorption  of  pro- 

,,          crystallisation  of,     . 

43 

ducts  of.     .         .     469 

, ,            1  e  uci  ne  a  (id  ty  roai  n  c  fro  m , 

425 

«> 

,,      of  car bobyd rates,  464,  470 

„            iiiichanical    pretipitation 

ff 

„       „   f.iti»,   .         .         .     470 

of,        . 

., 

43 

«i 

,,       gawtric,  .         .         .     463 

,,            redu(  ini^  Hubstance  from, 

64 

Jt 

„       int^atina!,       .         .464 

,,           rotatory  iM>wer  or,    . 

. 

46 

tt 

,,        of  protcidn,      .          .465 

, ,            tt'ni  pc  1  aturti  of  coagulation 

ti 

of  cane  sii^ar,        .         .         .     398 

of,        .         .         . 

43 

ft 

,,  carbohydrateji,          .      355,  393 

,,    sbill.      .         .         . 

78 

II 

cellular,         ,         .         .         .     3J>9 

,,    wliite,  ciini position  of,    . 

874 

if 

of  celluiosp,  .         .         ,         .470 

,,          di*(estibility  of,   . 

333 

11 

cbeniistry  of,         .         .         .     312 

,,           beat  value  of, 

834 

11 

of  coriiiK>und  i^rott^ids,  .         .     428 

,,           mucoid  of,  . 

63 

If 

,,  fatJ* .443 

,,    volk,  comiMwtion  of, 

874 

If 

,,  fibrin 404 

fat  of,    .         .         . 

17 

If 

gftfltric  glands  durinji,',  .         ,     5;il 
during  liibeniation,       .         .     796 

,,        bicniatogcn  of, 

68 

fj 

,,         bnit  vftbuf  of. 

834 

ff 

in  tniro,         ....     321 

,,          >igmci]t  of,    . 

20 

1 1 

niecbaiiiwm  of,        .         .         .     531 

inie  in, 

886 

r* 

peptic,  .         .         .       401,  418,  428 

Ehrlicb  a  test  for  bilirnhin,   . 

384 

If 

of  protdds,  333,  338,  399,  402,  414. 

J'ytttmhrrprr 

49 

418,  428,  541 

Elasniobruncbfi,  m utiles  of,   . 

904, 

908 

ft 

,,          tlieorieii  of,  400,405,406, 

, ,               sui»riirciialH  o(, 

957 

414,  416 

Ela^tin,   .         .         .          70,  71,  95, 

111, 

112 

If 

„          vegiUablc,     ,         .51 

,,       dcconi|n>Hitiou  of, 

32 

It 

of  «tarcb,       .          .       393,  396,  556 

,,       derivativcK  of, . 

71 

It 

tryptir,           .         .       414,  418,  428 

,,       digestion  of,     , 

430 

tt 

„          aniido-ocids  of,         ,     421 

,,        iKjptonc,  .... 

72, 

430 

it 

,,          ainnionia  of,    .         .     427 

Electrical  ebangcs  in  salivary  glands 

517 

•» 

,,           cbromogcd  o(,          .     427 

,,                ,,       ,,   skin  glands, , 

681 

»f 

,,          cleavage  tln?tiry  of,  .     405 

,,        currents.     (Hee  ihtrrtvU,) 

682 

f  1 

,,          organic  bajifs  of,       .     426 

,,        organs,  .... 

110 

Digestive 

enzymes,       .          .         .      326,  327 

Kli-rtrolytcs,  dilfusinn  of, 

261, 

263 

f> 

oxtracUi,  316,  322,  337,  642,  552,  557 

,,            osmotic  iirea^inre  of, . 

268 

It 

fenn  en  ta,  312.     9e*>  n  Lso  Enz}/  nt  cs. 

,,            j>ernn ability  of, 

276 

11 

BecTPtions,  conipoaitiou  of,       .     342 

Kbetni-osuioHe,     .         ,  '      . 

688 

Digitalifl, 

action  of,  on  renal  spcr*ition,  .     64!i 

Elcidin  granules,  ,         .         .         . 

73 

Dihvdro3ty]fhenyl-i>ropioni('  acid,  .         .     606 
Di}>litheria  toxin,          .         ,         .         .       fj8 

Elementary  particle^*,    . 

141 

Elcjjbant,  milk  of,         .         .         . 
Enibryu,  respiratitui  of, 

131 

Dij»|»crM  < 

ul, 34 

733 

Dijjac?charide», 4»  & 

Emuliiilkation,      .... 

19, 

444 

Dijisiniibtirnj, 869 

,,              in  intestine,  ,       447, 

457, 

557 

Ui^ociati 

on  cot  Hi  ci  cut  J           ,         .         .     268    1 

Emulsion,     ,         .         .         ,        19, 

125, 

444 
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Emulaioii  theories  of  fat  absorptmn,    44&,  457        £3 

[tinction-(^fficieDt,         209,  214,  21fl,  284, 

Emulsive  ferment,          ,         .         ,         .     448 

2t9 

EmydiD 53        Ei 

Etraetives  of  muscle,  .         ,        t5,  100,  110 

Enamel,         .         .         .         .         .         .112        Ej 

Etract  of  pituitary 94d 

Enc&phaUn,            .         ,         .         .     119,  120 

„       ,,  su[imr€nal,  .         .         .      950,  951 

EndoismonitjUr  of  Diit rochet,         ,         .     273 

,,   thyroid 94S 

,,   Vierordt,  .         .        ,273        Ei 

ttract«,  digestive,  315,  322,  325,  3S6,   837, 

Endo«mose, 273 

542,  552,  557 

EiKloaiiiotie  equivalent,         .         ,         .     274        Ei 

^e,  chemiatry  of,         ...         .     121 

En ume ratio  11  of  blood  corpnscles,  .      149,  IB2 

Enzymes.     {Sl-g  aim  Ferments.)    ,         .312        Fj 

■CEB,           .,..,,      472 

^,        action  of.      (Sec   also  Zymo- 

„       alkaUndn  in 59 

hjMS.)       ,         ,         .         ,     317 

,,       amount  and  consistency  of,        .     472 

,,        activity  of,     ,         ,         .      322,325 

,,       colour  of,           ....     474 

,j        chemical  imtvire  of,         ,         ,316 

,,       composition  of,          ...     478 

,,        clafislActttLOLi  off     .         ,         ,     326 

,,       during  inanition,       .         .         .     887 

„        ditrestive,        .         .      312,  326,  327 

,,       heat  of  eombustion  of,       .         .     SS4 

„        gastric,  326,  330,  334,  350,  532,  542, 

,,       pigments  of,     ...        *     888 

543 

,,       reaction  of,        ...         .     478 

int(5stinal,      .       341,  397,  398,  556        Fa 

IS  ting'.     See  InanUitm, 

tt-boay,     ......     t84 

,,        isolation  of,   .         ,         .         ,     313        Fe 

,,        nieebanieal  (irt^tipitatiou  of,  .     314        Fii 

Lt  forma tion  from  caihohyd rites,         .     981 

panercatie,  3M,  32d,  336,  340,  369, 

„            ,,      fatty  acidfl^      .         ,     981 

397,  443,  5fil 

M          a     giyi^^K^^i       •    ^3^>  ^^ 

„        aalivary,         .       326,  327,  397,  603 

,,             ,,      proteids,          .      SK)2,  888 

Eosinophil  eclU, 84        Fa 

Lt*aplitting  ferments,       160,  325,  S2<J,  $36, 

,,          granules 84 

339,  443,  448,  558 

Epithelium,  absorption  by,  435,  436,  48*1,  4SS        Fb 

fctigup,  relation  of  lactic  acid  to,          .108 

,,           cntanemiJ*,           ,         .         .     6S5        Fe 

^t*> 1,  2,  17 

,,           in  fat  absorption,    449,  451,  454,           , 

,      abaoriition  of,        ....     445 

457 

,              ,,          channela  of,          .         .     462 

„           paHtric,      .         .         .      531,  532 

,              ,,          enndsion  theories  of,    .     449 

.,,           infiiienee  of,  in  abworption                    , 

,              ,,          fatty  acid  theory  of,     .     454 

offtlhumo«e,   ,         ,         .     440           , 

,             , ,         influence  of  bile  on,  369,  392, 

„           inteiitinal,           .         .         .     554 

459,  461 

„           nmmniary,          ,         ,      6tJ2,  665          , 

»             1)                 „     „  pancreatic 

„           pancreatic,          ,         ,         »     546 

juice  on,     .     459,  461 

„           proteidw  of,         .         .         ,       S4          , 

,              ,,          solution  theories  of,      ,     451 

rejial,        639,  640,  647,  652,  659 

,     action  of  bile  on,  .         .         .         .444 

„           Halivary 477          1 

,            ,,       on  hrle  secretion,    .         .     588 

„           vascular,    influence    of,    on                    , 

,            ,,       pancreatic  juice  on,         ,     448 

coagulation,    ,         ,         ,     IHO 

,            ,,       ateapsin  on,   .         .         .     826 

Equilibrium,  nitrogenous,      ,         ,      871,  891          , 

,      bacterial  digestion  of,  .         .         ,471 

,,            nutritive,          »         .         ,871          • 

,      of  bile,          .         ,         ,      370,371,890 

E<juivaleut,  endoainutic,         ,         ,         ,274          , 

,     ,,  blood  plasma,  ....     169 

Erytlnm-ytea,        .         .         .         .         .141          , 

,     1,  boui^, Ill 

Erythrodcxtrin 16,  395          , 

,      carbon  of, S78 

Erythroj^-anulose.          .         .         .         ,14          , 

,     of  cells,         .         ,         .         .   82,  83,  84 

Erythroae, 2          , 

,     »  chvle, 188 

,     ,,  coloatmuj,                  .         .      127,  129 

Estiaeh's  reagent, ,         .         ,         .         .15          1 

Eserine,  action  of,  on  sweat  seeretiou,    .     679          , 

,      decomposition  of,          .         .         .19 

Enters, ...,,,       24,  159 

,     in  diet,         ....     872.  878 

Ethiil,  .,,.,..       20 

,     dtgeation  of,          ....     448 

Ether,  influence  of,  on  body  temperature,     821 

,     emnlsification  of,           .         ,      144,  557 

Ethers,  glvcerie, 17          , 

,      heat  value  of,      834,  885.  887.  Si74.  875 

Ethyl  alco"hol 470 

*     of  lens, 128 

Ethylene  lac  tie  udd,      ,         .         .         .106          1 

,     „  liver,        .         .         .        86,  901,  985 

Ethylen  inline,       .....       94          , 

,     ,,  marrow,    .....       19 

Ethylidene  lactic  acid,  .         .         ,      106,117          , 

,      *i  Tueat, 98 

Ethyl -pyrrol,         .         .         .         ,         ,       31          , 

,      metabolism  ot^     ....     930 

Evajwration  in  heat  regulation,     .         .851           , 
E K change,  lespiratory/    ^'^  RcHplmiory                    , 

,,           „  influem^ofliver  on,  935 

,      of  nrilk,        19.  125,  128,  133,  664,  665 

txchange.                                                                      , 

.      ,,  moscle,   ,         .           17,  95,  100,  105 

Excretine,     ......     474 

„  nervous  tiiisues,        .         ,         .116 

Exer*;tiveii,  urinary,  characteristics  of,  .     635 

,      neutral,       .         .         .         .          18,  19 

Exeiftoleic  acid 474 

,      nutritive  value  of,        ,         .         .881 

Eiosmose,    ......     273 

,      o.\idatiou  of,        .         ,         ,         ,19 

Expiration,  in  flue  nee  of,  on  lymph  Mow,     300 

,      pigment  of,          .         .         .         .20 

air  of,          .         .         .     764.774 

,      of  retina 121 

,,          volume  of,  .        ,         .        ,748 

,      ,,  sebum,    .     -   ,        ,        ,     674.  875 
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.     184 

„     ,,  syntheab  of,     . 

803,  890,  031 
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.    e75 

FAttjAcids, 
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„         nutritive  value  of,      ,        .     881 
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312.  326 

,,         emuiiive,      ....     44B 

„         fat-splittiijg,       160,  325,  326,  336, 

330,  443,  448,  551 

„         fibrin,    82,  S3,  146,  160,  168,  170, 

175,  179,  310 

„        glycolytic,  of  blood,      .      160,161 

„         inverting,       10,  12,  313,  310,  34*2, 

303,  397,  556,  658 

,,         of  liver,        ....     026 

,,         myosin,         .         ,         .         ,97 

,,         organ  iscil 332 

„         proteolytic,  .      313,  319,  323»  326, 

334,  551,  674 

„  ,,  vegetable,    51,  54,  330, 

403 
„  soluble,  {Stit' ik\»o  JHnzijmrs.)  312 
,,         stcat^slytif.      See    Fermcftf^f 

fat-spiiUiug, 

,,         urinary,        ....     582 

,,         iirea-fonning,        ,         .         ,     007 

Fermentation,  atition  ot  gaNtrii"  juit  e  on,     364 

,1  of  eane-«ugai',  .         .       10 

II  eheniic^l  t^-hange^  in,       .     310 

jt  of  di«*jeliniideH,     .         .       10 

,1  ,,  glutaminic  acid,  .       32 

•t  ,t  gly<^iJg«iw   ...       15 

«i  ,,  iHoiiialtosie,  .         .       11 

If  lactic  acid,      .         .   7,  12,  126 


pAaE 

Fermentatioti  of  lactose,      .        12,  132,  334 
,,  ,,  niftltosB,     .         .         .11 

,,  niicro'orgnnisniji  in,     312,  31d 

,,  of  monosaccharidcH,        .        7 

„  nature  of,       .         .  317 

„  of  urine,         .         .      313,  582 

,,  jeast,     .         .         ,         .611 

Ferratin,      ......       86 

Ferric  oxide 77 

,,      sulphide, 78 

Fibrin, 153,  166 

,,       absorption  of  pefisin  by,     .      104,542 

of  chyle,    .         .         ,         .         .     1F3 

digestion  of,       .         .      333,  404,  420 

,,       ferment,      82,  83.  146,  160,  168,  170, 

175,170,310 

,,       formation,  factora  of,  .         .178 

,,       heat  value  of,     .         .         .         .     834 

,,       leucine  and  tyrosine  froui,  .     452 

of  lymph, 182 

,,       myogcn 98 

,,       myosin,     .....       98 

Fibrino-Fen,  .         .         .       161,  163,  164,  170 

,,  A-,     .         ,         .      166,  175,  176 

,,  of  aqueouB  humour,    ,      122,182 

B- 175 

,,  nieibauical  preciuitation  of,       43 

.,  of  iieniardial  fluid,     .         .183 

,,  rotatoiy  power  of,      .         .       46 

,,  teujperature  of  coagulation 

of,  .         .         .         ,         .43 
Fibrinogens,  tisane,       .         .  55,  68,  173,  176 

Filuiim-glol>nlin 165,  170 

,,       plastic  Bubritance,      .         .         .163 
Fibroin,        .....         74,  76 

Kick  s  law, K«2 

Filtratiim, 280 

,,         through  living  nienibranes,  .     283 

,,         in  lymph  al>sorption,    .         ,     306 

,,    '  ,,       production,    .      288,  290 

,,         ,,  urinary  secretion,      ,         .     640 

Fishes,  .ilkaloidn  in,      .         ♦         .         50,  60 

I         ,,       bile  of,     .         .         .         ,      372,  376 

I         ,,       hicmoglobiu  of,  .         .187,  198 

,,       i»rot«id  poisons  of,    ...       55 

,,       n  nil  in  of,  ....     334 

respiration  of,  .     699,  702,  704,  730, 

753 

,,      jslinicof,  ....     674,  676 

,.       temperature  of,  ...     850 

Fiiitula,  biliary,    ....      370,  460 

,,        Eck, 008 

,,        gastric,   ,         ,         .       349,  352,  536 
,,        iiancrmtic,      .         .      366,  459.  547 

,,        parotid, 489 

.,        Kvvlow,  .         .         .         .340 

Thiry 368,  556 

,,  Vella,  ....  368,  555 
FlaX'Seed,  jiroleida  of,  ►  .  .  -  54 
Flti»€hMinrc,  .  .  ,  .  103,  420 
Flour,  protcids  of,  .  »  ,  ,  53 
Fluorine  o(  calcium,      .         .         .        78,  111 

Fluorine, 2,  77,  113 

FrctUH,  re^spinition  of,  .         ,         .         .730 

Food,  ash  of,        ....         .     882 

„      chemical  constituents  of,     .         .         1 

„      carlkon  ol, 873 

,,      composition  of,  .         .         .         .     872 

,,      fligpation  of.     See  Dige/ttimL 

,,      beat  value  of,     .       834,  835,  837,  874 
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Food,  influence  of,  on  bile  secretion,     .     565 
,,  ,,  ,,  body  temperature,  809 

,,  ,,  ,,  gastric  secretion, 

540,  545 
,,  ,,  ,,  intestinal    secre- 

tion,      .        .     555 
,,  ,,  ,,  milk,  .        .     664 

,,  ,,  ,,  i)ancreatic  secre- 

,,  ,,  ,,       tion,       .     551,  554 

,,  ,,  ,,  respiratory      ex- 

change, .      717,  721 
,,  ,,  ,,  saliyary  scretion, 

490,  491 
„  ,,  ,,  urine,     575,  585,  679, 

593,  630,  632 
,,  nitrogen  of,  ...  .  873 
,,  putrefying,  alkaloids  of,  .  .  59 
,,  s])ecial  constituents  of,  .  .  878 
,,      sulphur  of,  ....     563 

,,      yegetablc,  in  diet,       .        .         .     472 
Formic  acid,    6,  19,  31,  34,  66,  75,  117,  133, 

615,  672 

Formose, 5 

Fossil  bones, Ill 

Frodericq's  aerotonometer,  .  .  .  776 
Frog,  cutaneous  respiration  of,  .  .  723 
,,  fat-body  of,  .  .  .  .934 
,,  gastric  glands  of,  .  .  .  524 
,,  nremoglobin  of,  .  .  .  .193 
,,  mucinogcn  of,  .  .  .  .62 
„  pepsin  of,  .  .  .  .  330,  533 
,,  respiratory  exchange  of,  703,709,710 
,,  skin  al)sorption  in,  .  .  .  690 
,,       ,,     glands  of,    ....     681 

Fructose, 6,  12 

Fruit  gum, 612 

Fumaric  acid, 34 

Fundus  of  stomach,      ....     584 

Fungi,  chitin  in, 74 

Funke's    method  of  preparing  haemo- 
globin,       194 

Furfurol  test, 608 

Fuscin, 121 


Gadinine, 

Galactonic  acid,    .... 
Galactosazone,      .... 
Galactose,     .         4,  7,  8,  10,  12,  16, 
Gall  stones,.  .       383,  386, 

Gangliaof  salivary  glands,  480,  482, 

,,       ,,  stomach. 
Ganglion,  inferior  mesenteric, 
,,         otic,      .... 
,,         semilunar,     . 
,,         sublingual,    . 
,,         submaxillary, 
,,         superior  cervical,  . 
Gases  of  alimentary  canal,    . 
,,     ,,  arterial  blood, 
,,     ,,  blood.     See  Blood  gases. 
„     ,,       „     plasma, 
,,     ,,  cutaneous  respiration, 
,,     „  lymph,    .... 
„     „  milk,       .... 
,,     ,,  muscle,   .... 
,,     respiration  of  different, 
,,     of  saliva,     .         .         .      346, 
,,     ,,  secretions,  tensions  of,     . 
,,     ,,  serum,     .... 
,,     ,,   venous  blood. 


.   60 

4 

8,  612 

119,  120 

387,  391 

484,  523 

.  538 

.  550 

.  482 

.  560 

480,  481 

480,  481 

484,  623 

.  728 

.  760 

.  167 

.  726 

.  783 

129,  130 

110,  911 

.  735 

347,  504 

.  783 

.  167 

.  762 
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Gas-pump,   . 
Gastric  absorption. 

.    75$ 
.     432. 541 

„       enzymes,  . 

326,  830,  834,  350 

„      fistula,      . 

.      849,  852,  5» 

„      glands,  cells  of. 

.     531, 5S2 

„      juice. 

.     849, 536 

„          „     acid  of,    . 

.    S51 

action  of,  on  bacteria,  864,  402, 
463 
„  „         „         „      C4ine-sagar,  .    398 

„  ,,     butyric  acid  of,         .        .    355 

,,  ,,     composition  of,         .     354, 544 

„  „     ferments  of,   326,  380,  834,  350 

„  ,,     hydrochloric  acid  of.     See 

Hydrochloric  acid, 
,,  ,,     lactic  acid  of,   .  351, 355 

,,  ,,     methods  of  obtaining,      .    -^9 

,,  ,,     phosphoric  acid  of,  .        .    356 

,,  „     yariations  in,  daring  dign- 

tioD,      .  .         .        .    544 

,,      secretion,    histological    changes 

during,  .    531 

,,  ,,         influence  of  nerres  on,    537 

,,  „  „        ,,  peptones  on,  541 

M  n  >>         ,,  on  urine,    359 

„  „         latent  ^riod  of,        .    549 

,,  ,,         local  stuuulation  of, .    540 

,,  ,,         mechanism  of,   .        .    531 

Gelatin,        .         .         .         .         .        .     70 

,,        alkaloid  from,  .         .        .     59 

,,        deriyatives  of,  .         .  81, 32, 70 

,,        digestion  of,     .         .         .        .    429 

,,        from  muscle,    .  .       .     95 

,,  ,,  neryous  tissues  .  .116 
,,  nutritiye  yalue  of,  .  .  876,  S78 
„  from  organs,  .  .  85,  88,  92, 121 
„  ,,     torpedo  organ,  .        .    110 

,,        peptones,  .         .         .70, 429 

,,        tyrosine  and  leucine  from,       .    4i5 
Girgensohn's  method  of  separating  pro- 

teids, 40 

Glands,  albuminoas,  .  .  .  477,  ^'}3 
,,  albumino-mueous,  .  .  .  475 
,,  ofBrunner,  .  .  .  .  554 
,,  cardiac,  .  .  .  .  531  i^ 
,,       chemistry  of,    .  .         .        .     J5 

,,       demilune,  .  .         .        .    475 

,,  ductless,  influence  of,  on  meta- 
bolism, .  .  .  .  M7 
,,  during  inanition,  .  .  .  ^9") 
,,  of  frog's  skin,  .  .  .  .  6J?1 
,,  gastric,  .  .  .  .531, 532 
,,  Harderian,  .  .  .  .  675 
,,  heat  production  in,  .  .  .  M3 
,,  lachrymal,  .  .  .  .475 
,,  manmiary,  .  .  .  .124 
,,  metabolic  activity  of,  .  .  S95 
,,  mixed  salivary,  .  .  .  477 
,,  muco-albuminous  .  .  .  47^ 
,,  mucous,  salivary,  .  .477,  T-'V- 
,,  pyloric,  .  .  .  532,  534, 53« 
,,  salivary.  Sve  SaJirary  giand*. 
,,  sebaceous,  .  .  .  .  674 
,,  of  skin,  electrical  changes  in.  .  6^1 
,,       thyroid.     See  Tntfroid  gland. 

Gliailin, 53.54 

Globin, 26,-44 

Globulin  or  Globulins,  animal,  .  49.  ^S'5 
M  I,  of  aqueous  hum- 

our,        .        .    122 
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Globulin  or  Globulins  of  blood  plasma,     161, 

168 
,,  ,,  cells,  81,  82,  84,  87 

„  chyle,     .        .188 
,,  coagulation-tem- 

perature of,     .       43 
„  from  fibrin,        .     167 

„  of  intestinal  juice,  557 

,,  ,,  kidney,  .        .       92 

„  „  lens,       .      123,  124 

„  „  liver,      .        .      86 

„  „  lymph,  .        .     182 

,,  ,,  milk.  See 

,,         „  muscle,  .         97,  98 
,,  ,,  nervous  tissues,  118 

,,  precipitation  of, 

by  salts,       .       42 
,,  ofproteid    diges- 

tion, 405,  416,  420 
„  ,,  senim.        Sec 

Serum  globulin. 
,,  „  spleen,    .        .       87 

,,  ,,  torpedo  organ,     110 

„  „  urine,     .     604,  605 

„  vegetable, .         51,  54 

Globnloseo, 50 

Glomeruli  of  kidnev,    639,  641,  652,  655,  659 
Glow-worm,  phosphoi-escence  of,  .        .     780 

Gluconic  acid, 4,  6 

Gluco-proteids,     .        .         .         .61,  64,  67 
Glucosamine,        .        .         .9,  75,  85,  115 

Glucosane, 6 

Glucosazone,  ....  8,  608 
Glucose.  (See  also  Dextrose.)  2,  6,  15,  16 
,,  from  proteid  decomposition,  .  30 
Glucoside,  theory  of  proteids,  .  .  64 
Glutaminic  acid,  .         29,  31,  82,  35,  71,  73, 

421,  426 

Gluten, 53,  338 

„       ferment, 53 

„       fibrin, 53 

Glutenin, 54 

Glyceric  ethers, 17 

Glycerides 17,  120 

Glycerin 17,  18,  19,  882 

Glycerol, 18 

Glycero-phosphoric  acid,  21,  22,  118,  160,  471 

Glycerose, 2 

Glycine.     (See  also  Glyeocine  and  Qlyeo- 

coll.)  .         .       378,  562,  568,  892,  893 

Glycocholate  of  soda,    .        .        .         .371 

Glycocholic  acid,  ....     372,  373 

„  ,,      preparation  of,  .         .374 

,,  ,,      properties  of,     .         .     375 

Glycocholonic  acia,       ....     375 

Glyeocine,     .  31,  32,  71,  72,  75,  76,  878 

„        of  muscle,     .         .        .95,  103 

Glycocoll,     .  .       873,  878,  469,  470 

„         synthesis  of,  ...     379 

Glycogen,     ...  3,  4,  13,  14,  834 

,,         action  of  enzymes  on,    .     326,397 

„         of  cells,        .        .    82,  83,  84,  158 

„         ,,  embryo,    ....     918 

,,         fat-formation  from,  924,  935 

„         formation,     .        .  916,  922 

,,  ,,         from  proteids,  901,  905, 

919 
,,  ,,         influence  of   pen- 

tose and  mannose  on,  3 
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Glycogen,  of  kidney,     ....      92 

„         „  liver,   85,  569,  917,  918,  919,  922 

„  lymph,      ....     182 

„         „  muscle,     95,  100,  104,  110.  911, 

915,  917 
,,  „  notochord,  .  .  .113 
„  ,,  placenta,  ....  918 
„  plants,  ....  921 
,,  ,,  plasma,  ....  158 
„  ,,  spleen,  ....  87 
,,         synthesis  of,  ...     893 

Glycogenosis, 922 

„  Bernard's  theory  of,  .        .     922 

Glycollic  acid,       .         .        .        .         5,  673 
Glycolytic  ferment  of  blood,       160,  161,  929 
Glycosuria,  alimentery,       436,  609,  881,  945 
,,  pathological,     610,  880,  920,  926 

Glycuronic  acid,  .  6,  115,  469,  608,  610,  613 
Gmelin's  test,        ....     385,  629 

Goat's  milk, 130 

Goose  bile,    .         .         .         .         .     373,  377 
Oorgonia  cavolinii,  iodine  in,        .         .       90 
Granules,  secretory,  gastric,           .         .     531 
,,              ,,         intestinal,      .        .     554 
,,              ,,         mammary,     .        .     668 
,,              ,,         pancreatic,     .         .     546 
salivary,         .        .     479 
Grape-sugar.     See  Dtxtroae. 
Grunhagen's  method  of  estimating  pro- 
teolysis,      324 

Guanine, 60,  596 

,,       from  nuclcin,  .         .         .66,  67,  98 

,,  ,,     ])aucreas,  ...       92 

,,  ,,     retina,     ....     121 

,,  ,,     testis,      ....       93 

„  „     thyroid,  ....       88 

„  ,,     urine,      .         .      596,  637,  653 

Guinea-pig,  admaxillary  gland  of,         .     476 

„  haemoglobin  of,  .     193,  194,  198, 

204,  205,  206 

Gum, 4,  14 

„     animal,     14,  16,  62,  65,  126,  183,  158, 

613,  665 

,,     arabic, 16 

,,     vegetable, 16 

,,     wood, 16 

Gummose, 62 

Gunzberg's  test  for  hydrochloric  acid,    .     365 

HiEMACYTOMETEK,  .  .  .  .160 

Htemataeromctcr,  ....     776 

Haematin,    207,  236,  243,  246,  250,  388,  473, 

563,  622 
,,  carbonic  oxide,    .         .         .     257 

,,  hydi-ochloride,     .         .      250,  252 

,,  ,,  si>ectrum  of,      254 

,,  iron-free,      ....     251 

,,  preparation  of,     .         .         .     250 

,,  i)roperties  of,        .        .        .     250 

,,  reduced.     See  Hccmoehrotnogcn. 

,,  spectrum  of,         .        .        .     251 

Hsematinometer, 210 

Hrematocrit,  .  .  .  148,  150,  271 
Haematogens,  ....  68,  885 
Hsematoidin,  .  .  .  260,  384,  389 
Hsmatoporphyrin,     246,  251,  256,  258,  382, 

389 
,,  preparation  of,        .     258 

,,  properties  of,  .     259,626 

„  spectrum  of,  .     260,  626 
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HjemAtopor]ihynn  of  urine, 


HKmoglobiii. 


nitric  oxide, 
preparation  of, 
]iroperties  of, 
spectrum  of, 


PAGE 

618,  622,  625, 
629 
,,  „      separation  of,  625 

Hcmatoecope, 210 

Hcmatoria, 629 

HKUiiD, 250,  262 

„       crystols,  ....     262,  263 

HKmochromogen,        236,  243,  260,  264,  629 

carbonic  oxide,      240,  241, 

257 

.  268 

.  265 

.  256 

251.  255 

43,  61 

Jietiuced  hmmofflob in.)     61 , 
153,  155,  1S5,  229,  834 
absorption  of  carbonic  acid 

by,  .        .     773 
»    oxygen  by,       767 
albuminous  residue  of,  243,  244 
of  animals,  185,  193,  198, 

199,  201,  202,  205, 
206,  226 
carbonic  oxide.    See  Car- 
bonic oxide  hccmoglobin, 
compounds  of, .        .        .     237 
„    withaoety- 

lene,       242 
,,      ,,  carbonic 

acid,      242 
n      „  cyanogen,  242 
"      „>ydro. 
cyanic  acid,       241 
connection  of,    with    bUe 

ivtgTiipiits,  .  .  388,  389 
cr5»tiillii*»tion  of,  43,  193,  194, 
203,  232 
d<^  oTiijwsitiou  of,  iu  liver,  901 
digt?stioii  of,  .  .  .  428 
distribiiUon  of,  .         .186 

estimation  of,  .  .  .151 
formula  of,  .  .  •  27 
influence  of,  in  bile  secretion,  567 
iron  of,  .  .201,  768,  885 
of  marrow  cells,  .  .  84 
,,  muscles,       .  97,  99,  187 

nitric  oxide,  .  .  •  241 
oxygen  cai>acity  of,  .  .768 
i-e<luceil.        See     Itedtvced 

hivmoglohin. 
relation   of,   to  stroma   of 
rorpnscles, 


of  spleen, 

**  sulphur  of, 

^,  in  urine, 

Hwmoglobinometer, 
ilwmoglobinuria, . 
H«^niaseoj>e, 
Hair,  fat  m. 
Haptogen  membrane,    . 
Hanierian  gland, 
Hato,  arctic,         .        • 
H*art»  heat  production  by, 

"*'\t"ti       :         :       854,  858,  862;  865 

*!     ^^vigulatiou  of  proteids,        .  ^2,  48 

orwmbustion,     .         .      834,  837,  874 

^'rtWts  of,  on  body,       .         .      814,  823 


188 
.  87 
.  202 
.     629 

151,  162 
.  629 
.  210 
.  17 
.  125 
.  675 
37,  173 
.     842 

786,  832 
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Heat  lo>ts,  regulation  of,         .        .       .    550 
„      „     by  skill.         .  .         .850,655 

, ,     production  i n  cold-blooded animali,  80 
by  foodstuffs,    834,815,8$: 
„  „  in  glands,  .         .     516, 84t 

,,  ,,  in  heart,     .        .       .    S4J 

,,  ,,  in  intestines,  .    8tt 

,,  ,,  in  liver,       .         .       .    Ml 

,,  ,,         measurement  of,         .    844 

,,  ,,         in  muscles,  .       .    811 

,,  ,,         relation     of   chemical 

changes  to,       .        .    8SI 
,,  ,,  t-e.Hpinitorj     exchange 

SLA  nieA«ar#  of,         .    MT 
,,  ,,  seats  of,       .         .        .    839 

„     regulation,     .  .831,  882,  850, 885 

„  „  in  hibernating  animals, 

79«,8J1 
,,  „  influence  of  bcdy-aixe 

on,      .   85S 
,,  ,,  ,,  nerroQS 

system  on,  854, 851, 

80 

„     specific,        .         .         ...   818 

,,     value.     See  Heat  o/eombuMum, 

Hfliiio-proteidj     .         .         .        ,       .     •* 

Heller's  teat, « 

HemiflUmniose,     .         .         .      405, 409, 418 
Heniir:e!lulo;*e,       .  .  .         .        14,  W 

HemicoUiu, 71,  4» 

Hemielastin,  .        .      71 498 

Hemipeptone,  .  .      405,  417. 4IS 

Hemiprotein, 405 

Henry,  law  of,      .         .         ...    488 

Hepatin, «?,« 

Heptoses, • 

Herbivora,  bacterial  digestion  in,         .    485 

,,  cellulose  in  dige&tion  in,     .    471 

,,  elimination  of  phosphates  bj,    [• 

,,  inanition  iu,         ...    ^?> 

,,  ri'Spiratorr  exchange  of,      .    "W 

, ,  m  id  I  um  c  hloride  in  f  oo^  of.  S8I,  f  5? 

,,  thyroid  gland  of,         .       .   M^ 

unne  of,    585,  601,  606,  607,815. 

6S2,I» 

Hetero-albumose,  410,  412,  414,  418,41? 

Hetero-proteosc,  diffusibility  of,    ,       -     ^ 

Hetero-xsnthin,    ,         .         .        .     596,5* 

Hexahydroxybcnzene,  .         .        .       .   *^ 

Hexatomic  alcohols,      .  ...      * 

Hoxoses,       .         .         .  .        .       .  IS 

Hibernation,         .         .         .        .     7M,89« 

,,  causes  of,  .         .       .    791 

,,  respiratory  exchange  dur- 

ing, 
Hidrotic  acid. 


Hippokoprosterin, 
Hii)pomela 


Hippomelanui, 

Hippo]x>tamus,  sweat  of, 

Hijipuric  acid, 

,,  of  blood  plasma, 

,,  heat  value  of, 

,,  of  suprarenal  body 

,,  of  sweat, 

,,  synthesis  of, 

,,  tests  for, 

„  of  urine. 


'.  tn 

.  i* 

.  lil 

.  678 

.  6» 

.  1« 

.  834 

.  M 

.  n 

600,  8»i 

.    6C1 

571,  572,  «00. 608. 

6» 

estimatioii  of,  .    601 
origin  of,         .    •'^ 
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Histidine, 93 

HistobffiXDAtin, 99 

HistoD,         .        .        .  .        .82 

Hoffman's  test  for  tyrosine,  .  .  .  424 
Homocerebrin,  .  .  .  .  119,  120 
Horaogentisic  acid,  .  .  606,  607,  630 
Homoiothennic  animals,  .  .  .  7S8 
Hoof,  skeletin  of,  ....       72 

Hofdoctphalm^  venom  of,      .         .         .       58 

Hordein, 54 

Horn,  leucine  and  tyrosine  from,  .         .     425 

„      skeletin  of,  ....       72 

Horse,  gastric  digestion  of,   .         .         .     355 

„      hffimoglobin  of,       193,  194,  191),  200, 

201,  202,  203,  205,  233 

„      milk  of, 131 

„      saliva  of,  .         .         .       327,  345,  347 
,,      salivary  glands  of,     .         .         .477 

,,       sweat  of, 673 

Hnppert's  test  for  bile  pigments,  .  .  386 
Hutchinson's  s[»irunieter,      .         .         .     752 

Hyalins, 63 

Hyalogens, 61,  63 

Hydracrylic  acid,  .  .         .106 

Hydrobilirubin,  384,  3S5,  387,  389,  474,  622 
Hydrochinon,  ....  606,  607 
Hydrochloric  acid,  .         .         .76 

.    ,,  of  gastric  juice,       276,351 

M  ,,  ,,  estima- 

tion of, 
365,  545 
,,  ,,  ,,  function 

of,  364,  463 
,,  ,,  ,,  origin  of, 

359,  533 
,,  ,,  ,,  source 

of,      .     358 

.    ,,  ,,  ,,  tests  for,  364 

,,  in  urine,   .         .         .     633 

HydrocoUidine, 59 

Hydrocyanic  acid,         .         .        .         .34 

„  hfemoglobin,     .         .     241 

,,  methjeraoglobin,        .     248 

Hydrofluoric  acid  in  urine,    .         .  634 

Hydrogen, 2,  29,  470 

,,  in  alimentary  canal,     .         .     729 

,,  jHjroxide,      ....       76 

,,  respiration  of,      .         .         .     739 

,,  sulphuretted,      29,  32,  72,  73,  76, 

470,  473 

Hydrolysis, 319,  6. '^6 

,,  of  disaccharides,  .         .        10 

,,  ,,  fats,        ....       19 

,,  in  fermentation,  .         .319 

,,  of  gelatin,  ....       70 

,,  ,,  j)olysac<.'harides,      .         .        13 

,,  ,,  protfids,  .    31,  57,  64,  400 

„  ,,  starch,  .  13,  1 1,  :{H6 

,,  ,,  urrvi,       ....     5S'2 

Hydroly tic  agents,        ....     .'ilO 
,,  th«'ory  of  poptoni.sati<m,       .     400 

Hydronai»thylaniiiu?.intiufn(oof<)nlMKlv 

heat, \     S-21 

Hydroi)aracu!iiaric  acid,  .  .  466,  \^u 
Hydrostatic  pressure,  ....  2>0 
Hydroxybutyric  acid,  .  .  .  .616 
Hyocholalic*a«;i«l,  ....  :i76 
Hyoglycocholic  acid,  .  .  .  37-i.  376 
Hyi)eri3otonic  solutions,  .  142,271,277 
Hyperpyrexia 523 
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Hypisotonic  solutions,  .        .        .     142,  276 
Hyiwxanthine,     ...        60,  101,  591 
,,  of  blood  plasma,    .         ,     160 

,,  ,,  kidney,      .         .         .92 

,,  in  lcuk:cmia,         .         .     910 

of  livL-r,         .         .  85,  86 

,,  ,,  mamma,    .         .         .124 

„  ,,  milk,         .         .         .     126 

,,  ,,  musclf,      .         .      100,  101 

,,  ,,  nervous  tissues,  .     116 

,,  from  nucleins,        .  65,  66,  67 

„  of  jKincreas,  ...       92 

,,  .,  spleen,       ...        87 

.,  .,  tf.stis,         .         .         .93 

,,  ,,  thymus,     ...       88 

,,  „  thyroid,    ...       88 

,,  .,  urine,         .         .         .     596 

Iceland  moss, 14 

Ichthin 53 

Ichthulin, 53,  64 

Imbibition, 275 

,.  in  lymph  absorption,  .     307 

Inanition,  carbonic  at  id  oxcntion  during,    8S9 
,,         ficres  durinir,         .         .  .     887 

,,  in  herbivura.  .  .  .  888 
,,  uietalioliMU  during,  .  .  887 
,,  muscle  glycogen  during,  .  104 
,,  organs  diiriiig.  .  .  .  S90 
,,         secretions  during,  .         .     887 

,,  tomiK»raturtMluring,  .  .  889 
,,         urea  ejccretit>n  during,  .      887,  888 

Indican 607,  627 

Indicanuria, 628 

Indigo-blue,  ....      627,  673 

,,      red, 6O7,  627 

Indol,  .      21*.  47,  72,  467,  468,  473,  607 

,,      compounds  of  proteid  <lecomjx»si- 

tion, 47 

,,      excretion  of,        ...         .     470 

tests  for, 468 

Imloxyl,        .         .         .       468,  470,  607,  627 

).        glycuronic  acid,       .         .         .     613 

sulphuric  a('i<l,         .         .      607,  631 

Inhibition,  nervous,  of  secretions,     512,  526, 

548,  549 

Inogen, 110 

Inorganic  constituents.     See  also  A^h. 

of  bile,  .  371,  560 
,,  blood,  .  .  153 
.,  ,,  plasma,  153, 
157 
..   bcxly,      .  .  1,  76 

,,   bone,      .         .111 
..   cells,      .  82,  83 

..  cerebro-spinal 

thiid,  .         .     184 

.,   f«XKl,       .      882,  883 

..   jrastrii!  juiee.  .     350 

.,   kidney,  .        92 

,,   liver,      .         .       87 

,,   lymph,  .      182,  2S6 

.,   meat,     .  .        96 

..   milk,  128,  129,  130, 

131,  662 

,,   muscle,  95,  109 

,,  ,,   nervous  tissues,  116 

,,  ,,   i>ancreatic  juice, 

367,  368 
,,  ,,  proteids,         .       25 
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Inorganic  constituenta  ofretl  corpuaclefl|    155 
If  II  retina,   .         .     1*21 

^  ,,  aaliva,345,347,494, 

496,  4fl8,  499,  503 
„  ,»  aplMn,  .         .       87 

j,  ,,  8UCCUS  enteri- 

cus,     .         .     369 
,1  „  sweat,     ,      671,  672 

,,  ,,  aynoyitt,  »     184 

„  ,1  thyroid,         .       8S 

,,  unne,    ,      572,  630 
.      100,  103 
.     16.  82,  87,  90 
.       92 
.      100,  105 

lie 

92 

93 

S8 

111 

606 

187 

330 

55 

702,  703. 

710 

792,  807 

754,  774 


Inosinic  acid, 
Iiiosite, 

,,      of  kidney, 

,,       ,,  inuHcle, 

,,       ,,  nervoi^  tissuea,    . 

„       „  spleen, 

,,       ,,  testis,  , 

,,       ,,  thyroid, 

,,       ,,  tori>edo  organ,       , 

„       ,,  urine,  . 
Inaeets,  bfemoglobin  of, 

„       iMjjisin  of, 

,,       poisoijB  of, 

,,       respiratory  exchange  of, 

,,       temperature  of, 
Inapi ration,  air  of, 


inHuencfl  of,  on  Jymph  flow,   300 

,,  volume  of,  .         .         .748 

Internal  rihj  pi  ration,      ,         .         .      692,  780 

,,        sMicretions,        .         ,         .         ,     937 

Iiitpr  renal  body,  ....     957 

Intestinal  bacilli,  .         .         ,         ,470 

,,         contents,  reaction  of,    .      452,  464 
„         emulsion,      .         .         ,         .447 
„         juice,    .         .         .      368,  3P7,  398 
,,  ,,     enzynien  of,  341,  397,  398,  556 

,,  ,,     pereentjige  of  proteids 

in,   ....       24 

„        secretion,  amount  of,    .        ,     567 
,,  „         h in tologicftl  changes 

during,       .         .     554 
„  ,,        intlnonceof  foodon,     555 

ft  it  ,,        ,,  nerves  on, 555 

.1  pilocar- 
pine on,    555, 
557 
,,  „         meelianism  of,        .     554 

Inteatioes,  absorption  by,  ii84,  302,  432,  433, 

557 

,,  enzyra&sof,        341,397,398,556 

,,  gases  of,       ,  .  .         .729 

,,  heat  prodnction  in,      .         .843 

Intraglobular  crystalliKatton,         ,         ,191 

Inulin,  .         ,         .         .         .         .  4,  14 

Inversion,     ,         .         .         .         ,         ,10 

,,         of  cane-sugar,        10,  398,  556,  558 

,,  „  lactose,      .  .  .        10,  399 

,,         ,,  maltost',    .         ,         .        10,  397 

Inverting  ferments,         10,  12,  313,  319,  342, 

303,  397,  556,  558 

Involuntary  muacle,  chemifitry  of,         ,       99 

Iodine,  ......         2 

,,      in  animal  tissues,        .         ,         .       90 
,,       ,,  thymus,  ....       89 

,,  thyroid,  ....       89 

lodo-goigonic  acid 90 

Ina,      . 121 

Iron ,        .        ,  2,  78 


Iron,  a^imilation  of,    . 

,,     in  hOo, 

„      „  ffflcca,      . 

„     ,,  foetus,      . 

„     ,,  food,        . 

,,      ofhsemaHn, 

,,     ,,  hiiemochromogen, 

,,     ,,  hiemogtobin,    . 

,,     in  liver, 

,,      ,,  milk, 

,,      ,,  nuclei,     . 

,,      ,,  nucleo- proteids, 

„      „  proteids, 

,,     ,,  urine, 
Irou'free  hjcniAtin, 
Isooholesteriu, 
Iftodynaniic  value, 
Isomaltose,  . 
Isotonic  coeMcientij, 

,,        fluids,  absorption 
,,        solutions, 


4,  11 
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.  S85,  S8< 
.  MI 
.     8&5 

,    8SS 

\        .'     350,  258 
.      256,  258 

186,  201.  768,  885 

86,  87,  563 

.     182 

.     885 

.   68,  69^  86,  885 

25,  61 

.      635,  885,  886 

.     251 

24,  674,  675 

,       8S5,  837.  875 

,  15,  397,  612,  926 

.     270 

of,        .         .804 

-      142,  270 


jACOESON^ii  nerve,       343,  482,  498,  499,  506, 

508 
,,  vein,  .....     909 

Jaffe's  test, 599,  627 

Jecorin,      -  .         .         .         ,   %%  87,  91,  160 
Jequirity  aeed,      .         .         .         .         ,55 


KATABOLIgH, 

Kephalines,  . 
Kephir  fungus,     , 
Kerasin, 
Keratin, 

derivatives  of. 


.   869,  694 

.  119 

.   12 

.   119,  120 

70,  72,  473 

73 


Keratinose,  ......       78 

Xetosea, 4 

Kidney  of  amphibia,     ....     655 

,,       chemistry  of,  .        .         .         .92 

epithelium  of,  639,  640,  641,  652,  «89 

glomeruli  of,  639,  641,  652,  655,  6S9 

,,       influence  of,in  pihloridzin  dUbetn,92f 

„        nervo  supply  of,       .         .      64S,  659 

,.        tubules  of,        .       639,  650,  652,  655 

Kidney  bean,  proteids  of,      ...      54 

KiuK-crab,  skeletins  of,         ...      74 

Kjeldahrs  method  of  nitrogen-eatimition,  580 

Enop  and  Hiifner's  metliod  of  urea-^tt- 

niation, 584 

Koprosterin,  .....      24 

Krasser's  reaction,  ....      48 

Kreatine.     See  Cteaiine. 

Kreatiiiine.     See  Vrealiniiie, 

Kre,»*ol.     See  Cres&l. 

KroMibulphurtc  acid,    .         .         .      470,  631 

Eynurenic  acid 607,  688 

Lachrymal  gland 475 

LacUlhumin,         ,       124,  126,  127,  184,  189 

„  carbohydrate  from,  .         .      64 

„  coagulation  temperature  of,      43 

,,  rotatory  power  of,    .         .       46 

Lactate  of  ammonium,  .      905,906,909 

Lactation,  urine  during,        .         ,         .611 

Ijoctealft,  absorption  of  fat  by,       .      457,  462 

Lactic  acid, 106,  586 

,,  in  bacterial  digestion,      355,  470 

,,  ,,  blood,   i06,  159,  881,  894,  90S 

,,  „  fermentation,     7,  12,  126,  384 

ti  „  gastric  juice,  .         •      351,855 
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Lftctic  acid  in  milk, 

,,  muscle,  . 


PAGE 

.     126,  133 
99,  100,  106,  110 
„  „  nervous  tissues,      .     116,117 

,,  „  pancreas,        ...       92 

,,  „  sweat,     .        .        .     671,  673 

,,  ,,  urine,     ....     894 

„         tests  for,     .         .         .         .366 
Lactoglobulin,       .       126,  127,  129,  134,  139 

Lactoprotein, 135 

Lactosazone, 12 

Lactofie,  4,  9,  10,  12,  126,  127,  128,  129,  132, 

399,  665,  834 
„       absorption  of, 
,,       assimilation  of, 
„       in  urine, 
Laotosoria,   . 
Leyulose.     See  Levuloae. 
Laiose, 

Laking  of  blood,  . 
Lanoline, 
Lardacein,    . 
Lardaceous  degeneration, 
Latent  period  of  secretion, 
Lateritious  deposit, 
Laurie  acid, 
Lauristic  acid, 
Lead,   .... 
Lecithalbumins,    . 
Lecithin, 

,,        action  of  pancreatic  juice  on, 
,,        bacterial  decomposition  of, 


435 

880,  881 

611,  881 

.  612 


.   142,  146 

.   24,  675 

.   73 

.   73 

494,  505,  549 

.  588 

.  133 

.   20 

.-  2,  78,  87 

61,  69,  658 

20,  21 

463 

471 


370,  371,  391,  564,  901 
.  155,  160 
.  82,  83,  84 
.  183 
.  22 
.  22 
.  123 
126,  129,  133 
.  103 
.  116,  119 
879 


,,        of  bile, 

„         „  blood, 

,,         ,,  cells, 

„  chyle, 

,,        decomposition  of, 

,,         distearyl, 

,,         of  lens, 

,,         ,,  milk, 

,,         ,,  muscle, 

,,         ,,  nervous  tissues, 

,,        nutritive  value  of, 

,,        production  of  alkaloids  from,        58 

,,        of  red  corpuscles,    .         .         .156 

,,         ,,  retina,        ....     121 

,,         ,,  spleen,       ....       87 

,,         ,,  synovia,     ....     184 

,,         ,,  testis,         ....       93 

,,         ,,  torpedo  organ,   .         .         .111 

Leech  extract,       .        .         .      152,174,175 

,,  ,,        effect  of,  on  coagulation,      147 

„      hiemoglobin  of,  .         .         .         .187 

Legal's  reaction,    ....      469,616 

Legumin, 51,  333 

Lens,  chemistry  of,       .        .  .123 

Leo's  method  of  estimating  hy<lroc]iloric 

acid, 366 

Lethal, 20 

Leuceine, 31 

,,         iu  synthesis  of  protoiils,  .       35 

Leucimide, 34 

Leucine, 28,  4*21 

,,  constitution  of,  .  .  .  422 
,,  from  different  substances,  .  425 
,,        iu  decomposition  of  albuminoids,    71, 

73,  74,  7t) 

,,         ,,  digestion,    ....     437 

,,         ,,  kidney,       .         .         .         .92 

„  liver,\         ....       86 

,,         ,,  nervous  tissues,    .         .         .116 
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Leucine  in  pancreas,  ....  92 
,,  ,,  pancreatic  juice, .  .  .  367 
,,        ,,  proteid  decomix)sition,        28,  31, 

32,  34,  63 

,,  ,,  putrefaction,  .  .  .  470 
,,        separation  of,  f^rom  tyrosine,    .     424 

,,        in  spleen 87 

,,         ,,  sweat 673 

,,  synthesis  of,  .  .  .  .  421 
,,  in  synthesis  of  proteids,  .  .  35 
,,        ,,  testis,  ....       93 

„        tests  for,  .         .         .         .423 

,,        in  tryptic  digestion,     405,  406,  416, 

421 

,,        ,,  urine,  ....     602 

Leucocytes,  141,  152,  158,  286,  344,  440, 

450,  501,  519,  663 

,,  iu  fat  absorption,        .         .     457 

,,  influence  of,  on  coagulation,   175, 

179 
Leucocytoi)enic  i)hase,  .         .         .152 

Leucocytosis  ana  uric  acid  formation,  67,  594, 

595,  596 
Leucocytotic  phase,  .  .  .  .152 
Leucomaines,         ....       58,  101 

Leucosin, 54 

Levulinic  acid,      .         .         .         .     7,  63,  66 
Levulose,      .  4,  5,  7,  8,  10,  12,  435,  611,  917 

Lichenin, 14 

Lieberkiihnis,  crypts,    ....     554 

jelly,      ....       50 

Liebermann's  reaction,  .         .         23,  48 

Lignin, 16 

Lime.     {See  also  Calcium  salts.)  .         77,87 

LijMise, 160 

Lipochromes,        .         20,  122,  133,  157,  159 
Liquor  amnii,  fat  in,     .         .         .         .17 
,,  ,,       proteid  in,      .         .         .       24 

,,      sanguinis.     See  JJlood  plasma. 

Litliium, 2 

Liver,  amylolytic  ferment  of,  .  925,  926 
,,  chemistry  of,  .  .  .  .85 
,,  extirpation  of,  105,  905,  908,  909,  910 
,,      fat  in,         .         .  17,  85,  901,  935 

,,      formation  of  urea  in,  .         .         .     906 
,,  ,,         uric  acid  in,     .         .     909 

»,      glycogen  of,        85,  569,  917,  918,  919, 

922 
,,  heat  production  in,  .  .  843,  896 
,,  influence  of,  on  coagulation,  .  178 
,,  ,,  ,,    fat  metabolism,       935 

,,  ,,  ,,    proteid        meta- 

bolism,   .         .     900 
,,      nitrogenous  metabolism  in,  .     906 

,,      nucleo- proteid  of,        .         .         .       81 
,,      ])roteids  of,  ...  24,  85 

,,  urea- forming  ferment  of,  .  .  907 
Living  proteids.  (See  aKso  Bioplasm.)  38,  80 
Lizard,  resj>iratory  fxcliange  of,    .         .710 

Lung  catheter, 774 

Lungs,  alveolar  surface  of,     .         .  .     754 

,,       influence  of,  on  coagulation,        .     178 

Lupino-toxin, 55 

Lutein, 20,  95 

Lutidine,       ......       34 

Lymph,  absorption  of,  .  .      302,  306 

,,       amount  of  fat  in,       ...       17 
,,  ,,  jnoteids  in,       .         .        24 

,,       chemistry  of,    .         .         .         .181 

,,       coagulable,       .         .         .      164,  168 
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Lymph,  corpuscles 

Of,    ...            . 

141 

dextrose  in,      ...         6 

,  182 

functions  of,     . 

810 

Kases  of,  . 
hearts,     . 

. 

783 

301 

influence  of  aortic  obstruction  on 

292 

>i 

blood  pressure  on. 

299, 
800 

»> 

capillaries  on, 

296 

)) 

hydnemia  on. 

293 

lymphagogues    on, 
muscular    contrac- 

293, 
297 

tion  on, 

300 

J, 

plethora  on,   . 

293 

respiration  on, 
venous  obstruction 

300 

on,     .         .         .     291 

„       movement  of,  .         .         .     299,  300 

,,       pressure  of,       .         .         .         .     299 

,,       production  of,  .         .      285,  286,  298 

,,       of  salivary  glands,    .         .         .     510 

,,        ,,  thoracic  duct,       .         .         .     290 

Lymphagogues,    .         .         .      290,  293,  297 

Lymphatic  glands,  chemistry  of,  .         81,  88 

Lymphatics,  absorption  by,  .      302,  433,  610 

Lysatine, 33,  426 

Lysatinine,  .         .       29,  33,  72,  73,  421,  426 
Lysine,         .         .       29,  33,  72,  73,  421,  426 


Mackerel,  alkaloid  in. 

Magnesium, . 

,,  palmitate, 

, ,  phosphate. 


,,  salts  in  body,    . 

,,  MM   prok'ids, 

,,  ,,     of  urine,    . 

,,  stearatf,     . 

,,  sulplijite,    i)recii»itation 

jn'oteids  by,   . 
Maize,  prottads  of, 
Malaininie  acid,    .... 


.   59 

.  2,  77,  87 

.   78 

76,  78,  111,  113, 

153,  157 

.   78 


25 

634 


of 


42 

54 
34 

Malic  acid, 673 

Malt  diastase,        ....      393,  394 
Maltodextrin,        .         .  .         .        16,  396 

Maltosazone, 11 

Maltose,      4,  7,  9,  10,  13,  15,  394,  395,  390, 

397,  398,  916,  926 

,,         absorption  of,  .         .         .435 

,,         assimilation  of,        .         .      880,  881 

,,         heat  value  of,  .  .  .     834 

,,         in  urine,  ....     881 

Mammalia,  cutaneous  respiration  of,     .     725 

,,  fi'e(|utn(y  of  respiration  of, 

,,  h;eni<»t^'l()l>in  of,  . 

,,  respiratory  excliange  of,  706 

,,  skin  absorption  of, 

,,  temperature  of,  . 

,,  urine  of,      .... 


Mammary  glands. 
Manganese,  . 
Mannite, 

^lannonic  acid,     . 
Mannosaccharic  acid,    . 
Man  nose, 
Maunoso- cellulose. 
Marrow  cells,  proteids  of, 
fat  of, 
,,       nuclco-protcid  of, 


753 
187 
709 
688 
787 
637 

124,  662,  665 

.     2,  78,  87 

4,  6,  7 

.     4,  6 

4 

3,  4,  6,  7,  8,  16 

16 

.       84 

19 

81 
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Mastication,    influence  of,  on  aallysry 
secretion, 490,  491 

Max  Schultze's  method  of   prepariog 
haemoglobin, 194 

Meat,  constituents  of,  . 

Mechanical  affinity. 

Meconium,  .... 

Medulla,  salivary  secretion  after 
ture  of,      . 

Medullic  acid. 

Melanin,       .... 

Melanotic  sarcoma,  iron  in, . 

Melebiose,    .... 

Membrane  of  Descemet, 

Membranes,  filtration  through, 
,,  permeability  o^ 


96,  874 
.     275 
473,  474 
ptmc- 

.     484 

.       19 

.     121 

.       78 

.       12 

64,  121 

280,  283 

264,  278,  274, 

276,  296,  308 

.     264 

64,  121 

.     550 

.     586 

.       36 

.     868 

914,  915 

.     616 


17, 


,,  semipermeable, 

Membraniu, 

Mesenteric  ganglion,  inferior, 
Mesostate,    .... 
Meta-amido-benzoic  acid. 
Metabolism, 

,,  carbohydrates  in, 

,,  of  carbohydrates, 

,,  ,,  ,,       action  of  pan- 

creas on,  .     927 
,,  conditions  affecting,  .         .     869 

,,  contact  changes  in,   .         .     870 

,,  during  inanition,       .         .     887 

of  fat,        .         .         .         .     930 
,,  ,,      influence  of  liver  on,     935 

,,  ,,      of  foetus,  .         .     732 

,,  influence  of  assimilated  pro- 

teid  on,         .     903 
,,  ,,        ,,  ductless  glands 

on,        .         .     937 
,,  ,,        ,,  spleen  on,         .     959 

,,  ,,        ,,  tem|)erature  on,    S4S 

,,  ,,        ,,    ,,  after  section 

of  cord,  .     859 
,,  katabolism  in,  .         .  .     894 

muscular,        895,  902,  904,  911, 
915,  918 
,,  nitrogenous,  in  liver,  .     906 

,,  ,,  in  tissues,      .     896 

,,  oxidation  in,      .         .         .     894 

,,  of  proteids,        .         .         .     897 

,,  ,,       influence  of  liver  on,  900 

,,  ,,  ,,  ,,  muscular 

activity  on,    .     911 
,,  reaction  in,        .         .         ,     870 

,,  synthesis  in,      .         .         .     893 

,,  of  tissues,   relative   activ- 

ity,        ....     895 
,,  urea  in,      .         .         .  .     9o6 

,,  uric  acid  in,       .  .  .     909 

Metacasein, 127 

Metalbumin,  .....       63 

Metaj)eptone,         .         .         .  .  .403 

Metaj)hosphorie  acid,    .         .  .  .21 

Metha'moglobin,  ....      243,  244 

,,  comjwunds  of,    .      248,249 

,>  oxygen  of, .         .         .     247 

,,  reactions  of,        .         .246 

,,  spectrum  of,       .         .     246 

,,  in  urine,    .         .         .     629 

Methal, 20 


Methane, 
Methyleuitan, 


16,  470,  471,  472,  473,  72i^ 
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Metb 

yl  glycine,    . 

.     598 

glycocoll, 

.     427 

^lycocyanin,     . 

.     598 

mdol,       .        .         .        . 

469,  607 

mercaptan. 

.     470 

i)yrrol,      . 

.       31 

MicelUr  theory  of  i>eptoni8atiou, 

.     400 

Micelli,         .... 

.     400 

Microchemical  methods, 

.       ii6 

Micrococcus  urece.. 

.     601 

Milk 

,  alkaloids  in. 

.       59 

of  animals, 

.     130 

ash  of,         .         .         . 

662,  885 

carl)ohyd rates  of. 

.     132 

chemistry  of. 

.     125 

coagulation  of,    .         .       ll 

U,  138,  334 

coagulating  femieut  of,    12 

7,  134,  326, 
334,  336 

composition  of,   . 

.     874 

constituents  of,   . 

.     126 

of  cow. 

.     129 

discharge  of. 

.     667 

effect  of  boiling  on,      . 

.     126 

fats  of, 

17,  19,  133 

gases  of,      . 

129,  130 

globules,      . 
heat  value  of, 

.     125 

.     834 

human,       .         .         .      ll 

!7,  133,  138 

lime  in, 

.     8SG 

phospho-carnie  acid  of. 

.     104 

j>igeon's. 

.     675 

pla.snia, 

.     125 

proteids  of. 

24,  134 

reaction  of, 

.     126 

,,      secretion,  action  of  atropine  on,  .  664 

,,            ,,              ,,       ,,  pilocarpine  on,  664 

,,            ,,          cells  during,         .      662,  665 
,,            ,,          formation    of    organic 

constituents  in,         .  tj65 

,,            ,,           inHuentu  of  diet  on,      .  664 
,,            ,,                ,,         ,,  n  e  r  von  s 

system  on,  663 

,,            ,,          nicitlianism  of,      .         .  662 
,,       sugar.     See  Lactosr. 

Millon*s  reaction, 47 

Mineral    constituents.      See    Inonj(Hiic 
condituenU. 

Minimal  air, 752 

Mixed  saliva,        .         .         .               344,  348 

,,      salivary  glands,           .         .         .  477 

Molar  salivary  gland,   ....  476 

Molecular  conductivity,        .         .         .261 

,,          weight  of  all)Uinin,         .          .  26 

,,              ,,        ,,  albuHiOses,     .          .  27 


Molocides  of  proteids 

MoUusca,  hicuio'-yanin  of. 
,,  luemoglobin  of, 

,,  mus(.-le  of, 

,,  respiration  of, 

,,  skeletin.s  of,  . 

Monacetin,  . 

Monobroniacetic  acid,   . 

Monobroniobenzoic  acid. 

Monosaccharides, 


antij)cj>toue,  . 
deut('ro[»rotiose, 
liii-moglolnn,  . 
,  })eptoiM', 
proteids, 
protojtroteose, 


10 


702, 


46 

203 

40 

26,  27 
■16 

26,  45 
61 

.  187 
95 
753 
74 
18 
34 
34 
4,  7 
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Moore's  test, 7 

Morphia,  influence  of,  on  body  tempera- 
ture,   821 

Mountain  sickness,       ....     738 
Mouth,  temperature  of,         .      787,  788,  824 

Mucedin, 53 

Mucic  acid, 4 

Mucilage,      .         .         .         .         .         14,  16 

Mucin, 61,  84 

„  of  bile,  .  .  .  370,371,569 
,,  ,,  bone,  .....  Ill 
,,  decomposition  of,  .  .  .  62 
,,  of  epithelial  tissues,  .  .  .  84 
,,       ,,  faices,   ....      473,  474 

,,       „  kidney 92 

,,  ,,  liver,  ....  85,  569 
,,       ,,  lymj)hatic  glands,  .         .       88 

,,  ,,  marrow,  .  .  .  .111 
„  saliva,  .  .  313,344,501,503 
,,  ,,  sjilivary  glands,  ...  92 
,,  ,,  skin  secretions,  .  .  .  673 
,,  ,,  succus  entericus,  .  .  368,  369 
,,  ,,  synovia,  ....  184 
,,       ,,  torpedo  organ,       .         .         .110 

,,       ,,  urine, 604 

,,       ,,  vitreous  humour,  .         .         .123 
Mucinogen,  ....  62,  92,  123 

Mucinoids, 63 

Muco-albuminous  glands,      .         .         .     478 
Mucoids,      .         .         .         .61,  63,  121,  123 

Mucous  cells, 477 

,,  glands,  salivary,  .  .477,  503 
,,       secretion  of  mouth,  .         .      344,  348 

Mucus, 17,  84,  85 

Mule,  milk  of, 131 

Munena,  j^oison  of,       .         .         .         .55 

Murexide  test, 592 

Muscarine, 60,  472 

,,         action  of,on  salivary  secretion,    513 
,,  ,,         ,,  sweat  secretion,  .     680 

Muscle  albumin,  coagulation     tempera- 
ture of,  .         .         .         .       43 
chemistry  of,    .         .         .        95,  109 
,,       creatine  in,        .         .         .100,  904 
digestibilitv  of,  .         .         .333 
extractives^.f,  .         .         .      100,  110 
„       fat  of,        .         .  17,  95,  100,  105 
gases  of,    .                   .         .      110,  911 
glycogen  of,      i»5,  100,  104,  108,  110, 
911,  915,  917 
,,       hfemoglobiii  of,          .  97,  99,  187 
,,       heat  ])roduction  in,   .         .         .     840 
,,       during  inanition,       .         .      104,  890 
,,       inorganic  constituents  of,  .         .     109 
,,       involuntary,  chemistry  of,  .       99 
,,       leucine  and  tyrosin*;  of,      .         .     425 
,,       metabolic;  activity  of,      SI»5,  J»04,  911, 

915,  918 

,,       i)lasma.     ....  95,  96 

proteids  in.        .  .      24,  95,  96,  97 

,,       in    protcid    metabolism,     902,     904, 

911 

,,       1  educing  power  of,     .  .  .     782 

,,  ,,         sul»stances  of,      .  .110 

,,       respiratorv  exchange  of,     .  .     840 

surcolactic  acid  of,      95,  99,  104,  106, 

110,  911 

,,       serum, 96 

su^ar,        .         .100,  105,  110,  606 
,,       urea  in,     .         .         .100,  102,  904 
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Muscular  contraction,  chemical  changes 

during,   .        .109 
,,  influence  of,  on 

lymph  flow,     .     800 
,,  ,,  proteid  meta- 

bolism,      .     911 
,,  ,,  muscle  glyco- 

gen, 110,  916,  918 

Musculin, 97 

Mussel,  alkaloids  in,     .        .        .         59,  60 
,,       skeletins  of,     .         .         .         .75 

Myelines, 119 

Myogen, 98 

,,        fibrin, 98 

Myo-globulin 97,  98 

Myo  nsematin, 99 

Myo-proteid, 98 

Myosin, 95 

,,       ferment, 97 

„       fibrin, 98 

,,       vegetable,         ...         53,  54 
Myosinogen,  .  .         .97,  98,  99 

,,  coagulation     temperature 

of,        ....       43 
„  mechanical    precipitation 

of,        ....       43 

Myosinoses, 50 

Myricin, 20 

Myricyl  alcohol,  palmitate  of,       .         .       20 

Myristic  acid 20,  133 

Mytilotoxin, 60 

Myxoedema 938 

Neoativk  phase,      37,  57,  68,  146,  173,  176 

Neossidin, 63 

Neossin, 63 

Nerve  or  Ner>'es,  auriculo- temporal,      .     482 

,,       buccal, 482 

,,  chorda  tympani,  .  .  479,  519 
„       chordo-lingual.  (See  also  CAorrfa 

saliva.)         .         .      479,  505,  509 

,,       fat  in, 17 

,,       influence  of,  on  salivary  secre- 
tions,   .      343,  487,  493,  494,  506, 
519,  525 
,,       of  Jacobson,     .      343,  482,  498,  499, 

506,  507 
,,  ,,  kidney,  .  .  .  643,  659 
,,       ,,  lachrymal  gland,  .         .     475 

.,  ,,  orbital  gland,  .  .  .  482 
,,       ,,   parotid  gland,      .  .  .     482 

,,  ,,  salivary  glands,  .  .  479,483 
,,       ,,         ,,       \i         cranial,  479,  482, 

493,  504 
,,       ,,         ,,  ,,         section  of,   .     519 

,,       ,,         ,,  ,,         symjKitlietic,  479. 

483,  494,  522 
,,  secretory.  See  Secretory  mrvcs.  526 
,,  section,  etlect  of,  on  ninscle  gly- 
cogen, .  .  .  .  .105 
,,  of  skin  secretion,  .  .  676,  677 
,,       small  superficial  petrosal,  .     482 

,,       of  sublingual  gland,  .         .     479 

,,  ,,  submaxillary  gland,  .  .  479 
,,  trophic,  of  salivary  glands,  526,528 
,,       vaso-constrictor.    See  Vaso-con- 

strict  or  nerves. 
,,       vaso-dilator.     See   Vaso-dilator 
nerves. 
Nerve-centres  of  cardia,         .         .         .     538 
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Nerve-fibres,  frigorific 855 

„  secreto-inhibitory,  of  sali- 


vary cells, 
,,  secretory, 

,,  thermic,  . 

,,  trophic,    . 

Nerve-ganglia  of  salivary  glands, . 


526 

.  526 

.  865 

.  526 

480,  482, 

484 

.  115 

.   17 

.  187 

24,  117 

117 


Nervous  tissues,  chemistry  of, 
,,  fat  of, 

,,  haemoglobin  of, 

,,  proteids  of, 

,,  reaction  of, 

Neuridine, 60 

Neurine,       .         .  .  22,  60,  160,  472 

Neurochitin, 75 

Neurokeratin,  .         .        72,  116,  117 

Neurostearic  acid,         .         .         .         .120 

Neutral  fats,         ....  18,  19 

,,      salts,  precipitation  of  proteids 

by 41 

Nickel  reaction  of  proteids,  ...       48 
Nicotine,  action  of,  on  body  tempera- 
ture,  .         .     821 
,,  ,,  ,,    salivary  secre- 

tion, 480,  484,  515 
,,  ,,  ,,    sweat       secre- 

tion, 


Nitrate  of  urea,  . 
Nitrates  of  urine, . 
Nitric  oxide  in  blood,   . 

,,         ,,     haemochromogen, 

,,         ,,     haemoglobin,     . 
Nitrites,  action  of,  on  oxyhemoglobin, 


679 
581 
634 
238 
258 
241 
245, 
247 


,,      comi)ounds  of,  with  methsemo- 

globin,         .         .         .         .248 

,,       of  saliva,  ....     346 

,,  urine,  .         .         .         .634 

Nitrogen, 2,  30 

,,  of  alimentary  canal,       .         .     729 

,,  alloxuric,       ....     597 

of  blood,        .         .         .      761,  769 
,,  of  chyle,         .         .         .         .900 

,,  elimination,  .         .         .      580,  876 

,,  ,,  during  inanition,    887, 

688 
891 


,,  ,,  with  proteid  diet, 

,,  estimation,  Kjeldahl's  method 

of, 

,,  excretion  by  skin, 

,,  of  foodstuffs, 

,,  ,,  meat,         .... 

,,  in  respiration,        .      700,  704,  739 

of  urine,         .       580,  637,  864,  912 

Nitrogenous  constituents  of  blooil  plas 

ma, 

„  body, 

,,  ,,  ,,  urine, 

,,  e<]uilibrium,      .         .      87 

,,  extractives  of  muscle, 

,,  metabolism  in  liver, 

,,  ,,  ,,  tissues, 

NO-hiemochromogen,  NO-hwrnoglobin, 

See  Nitric  oxide. 
Non-nitrogenous  constituents  of  blood 

plasma,  157 

,,  body,         1 

,,  extractives  of  muscle,   100. 

104,  110 
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Konoses, 

2 

Oats,  proteids  of,         ... 

64 

Notochord,  . 

.     113 

Octoscs, 

2 

Nubeoala  of  urine, 

.       85 

Oekoid, 

.     188 

Nucleic  acid, 

.       66 

Oleic  acid,    .         .         .18,  24,  133, 

456,  675 

Nuclein, 

.  61,  65,  80 

Olein, 18, 

133,  159 

bases,     . 

.  66,  67,  88 

Oleyl, 

18,  22 

,,        of  bone,  . 

.     Ill 

Oncograph 

.     643 

,,        crystallisation  of, 

44 

Oncometer, 

.     643 

,,        of  faeces, 

.     473 

Onuphis  tuhicola,  hyalogen  from,  . 

.       64 

„  fibrin, 

.     167 

Ophridium  versatile^  zoocytium  of. 

.       16 

,,        influence    of,    on 

white    cor- 

Optimum  ^wint,  .... 
Orbital  salivary  gland,          .      476, 

.     320 

puscles, 

.     152 

478,  482 

iron  of,  . 

.     885 

OrganeitceisSy        .... 

.     897 

,,        of  liver,  . 

85,  86 

Organic  constituents  of  blood  plasma,  .     157 

,,        ,,  nervous  tissues. 

.     116 

M                    ,»  body. 

1 

,,        nutritive  value  of. 

.     879 

,,                    ,,  bone, 

.     Ill 

„        of  pancreas,    . 

3 

„  cells. 

82,  83 

„  pus  cells,     . 

.       83 

„                    ,,  gastric  juice 
,,  hver, 

.     350 

,,        ,,  red  corpuscles. 

.      155,  198 

85,  86 

„  testis, 

.       93 

,,                     ,,  pancreatic  juice,  367, 

„  yeast, . 

3 

368 

Nucleo-albumin,  . 

.        67,  428 

,,                    ,,  red  corpuscles, .     155 

of  bile, 

.      371,  561,  569 

,,                     ,,  saliva,  344, 

347,  494, 

,,             digestion  of. 

.     428 

496,  498, 

500,  507 

Nucleo-histon, 

68,  82,  604,  605 

,,                     ,,  spleen, 
,,                    ,,  thyroid,    . 
,,                    ,,  urine. 

.       87 

Nucleoli,  nucleic  acirl  of, 

.       66 

.       88 

,,         nucleins  of,    . 

.       ^^ 

.     572 

Nucleon, 

.      104,  139 

Organised  ferments, 

.     312 

Nucleo  -  proteid,     61,     66, 

67,     181,      428, 

Organs,  chemistry  of,   . 

.       80 

895 

Ornithin, 

.       33 

,,              of  blood  pla{ 

ima,  .     161,  165, 

Ornithuric  acid,    .... 

602,  638 

171 

Orthodihydroxybenzene, 

.     606 

„              „  cells. 

.  81,  82,  84 

Orthonitrobenzyl  alcohol,      . 

5 

,,              com  [Mired  wi 

th  colloids,       37 

Osazone,       .         .          3,  8,  9,  10,  11,  12,  30 

,,              digestion  of. 

.     428 

,,         ofacrose. 

5 

,,              of  fibrinogen 

.     165 

,,         ,,  albumin  of  peas, 

64 

,,              influence  of, 

on  coagula- 

,,        ,,  decomiKJsition   products 

of 

tion,     170, 

proteids. 

30,  64 

176,  179 

,,         ,,  dextrose,    . 

8,  612 

n                                              >> 

,   uric  acid 

,,         ,,  disaccharides,     . 

.       10 

excre- 

,,        ,,  formose. 

6 

tion,  .     594 

,,         ,,  galactose,   . 

8,  612 

»»                                »»           1 

,   white 

,,         ,,  glucose, 

8,  608 

c  0  r  - 

,,         ,,  isomaltose. 

12,  613 

puscles,  179 

,,         ,,  lactose, 

.       12 

,,              of  kidney. 

92 

,,         ,,  levulose,     . 

8 

„  liver. 

85,  86 

,,         ,,  maltose. 

11 

,,              ,,  mamma,  . 

.     124 

,,         ,,  mannose,    . 

8 

,,              in  metabolisi 

u,      .         .     910 

,,         ,,  monosaccharides. 

8 

,,              of  mucus, 

.       84 

,,         ,,  pentose. 

3,  612 

,,              ,,  muscle. 

.       98 

,,         ,,  sugar  of  tendon-mucin, 

.       62 

,,              ,,  nervous  ti 

ssues,         .     118 

Osmosis, 

.     264 

,,              ,,  nuclei. 

.       82 

,,         in  lymph  absorption, 

.     307 

,,              nutritive  val 

ue  of,         .     879 

,,         ,,       ,,      pnxluction, 

.     288 

,,              of  pancreas, 

.       3,  6,  64 

,,         ,,  salivary  secretion, 

.     529 

,,              as  poisons, 

.       55 

Osmotic  pressure,           .      265,  276, 

308,  650 

,,               precipitation 
,,              of  red  corpus 

of,    .         .       42 

Osones, 

.    6,9 

cles,  .         .     155 

Ossein, 

70,  111 

,,               ,,  spleen, 

.       87 

Otic  ganglion,       .... 

.     482 

,,               ,,  submaxill 

ary  gland,         92 

Otoliths, 

.       78 

,,               ,,  sui)rarena 

hody,        .       91 

Ovarian  dermoids. 

.     675 

,,               ,,   t«;stis, 

.       93 

,,        fluid,  mucoid  of, 

.       63 

,,              ,,   thyroid. 

.       89 

Ovary,  chemistry  of,     . 

.       94 

,,               ,,  urine. 

85,  603 

Ovomucoid, 

63,  85 

Nucleus,  iron  in,  . 

.     885 

Ox  bile,         .         .        370,  373,  381, 

385,  390 

,,        nucleins  of,     . 

66,  81 

,,    ,,     nucleo-proteid  of,     . 

.       84 

,,         nucleo-protcid  of, 

.       82 

,,   haemoglobin  of,      li^3,  199,  201, 

202,  206 

Nutrition,  balance  of,  . 

.     871 

,,   resjuratory  exchange  of, . 

.     707 

Nutritive  equilibrium,  . 

.     871 

,,  salivary  glands  of,  . 

.     477 

Nylander's  test,    . 

.     610 

Oxalate  of  calcium, 

78,  614 
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%i 

pentoiio  from,           ,         .        64,  612 
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ti 
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,,         in  tissues,     ....     896 

Tf 
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,, 

,,      coagulating  ferment  of,     326 

„       ,,  blood,    .   "153,  154,  185,  229,  757, 
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,,      compo»itioh  of,  .        .     867 
„      emnUive  action  of,      .     448 
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,,        capacity  of  bfemogl obi n,  .         .     768 
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,,      etizymea  of.     (Se«  En~ 

,,        of  contractiTig  muscle,       .         ,110 

=yfw**,)    ,                  .     386 
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,, 
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absorption,       .      459,  461 
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during,       .         .     546 

,,       tension  of,  in  silveolar  air,          .     774 
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,,         influence    of  alka- 
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IT 
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propionic  acid,       .     606 
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Parakicsol,    .         .         .         29,  466,  467,  606 

,,                amido^jnupioidt:  arid,       29 
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Tf 

propionic  add,      .     466, 
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Parathyroids,         ,         ,         ,         ,         , 
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saliva,     327,  343,  346,  347,  494,  495 
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Pepsin,  326.  330,  350,  358,  402,  532,  534 
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,,  action  of,  on  proteids,  .  .  326 
,,       of  animals,       .  ...     330 

,,       digestion,  etfects  of  form  of  pro- 

tei«l  on,     .     333 
,,  ,,  M      ,.  reaction  on,   .     331 
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,,  ,,         cleavage  theory  of,  405,  406, 

414,  416 

„  ,,         proteids  of,        402,  414,  541 
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,,         ditfusibility  of, 
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.      604 

24,  1S3 


bv 
Peptonised  blood, 
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Pericardial  fluid,   . 
Permeability  of  Idood  corpuscles, 
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403, 
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83 
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51 
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Permeability  of  membranes,  .  264,  273,  274 
living,  276,  296, 
308 
Pernicious  anaemia,  alkaloids  in,  .  .  59 
Peroxide  of  hydrogen,  ....  76 
Petrosal  nerve,  small  superficial,  .  .  482 
Pettenkofer's  test,         .         .         .         .377 

Phaselin, 54 

Phaseolin, 54 

Phenaceturic  acid,          .         .  470,  601 
Pbenol,          .         .      29,  34,  46,  72,  466,  467 
,,       comjwunds    of  proteid    decom- 
position,       ....       46 
,,      elimination  of,  .         .         .         .     470 
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position,     .46 

Phenylacetic  acid,  29,  46,  466,  467,  470 
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Phenyl  propionic  acid,    .         29,  46,  466,  467, 

470,  601 

Phenylsnlphuric  acid 470 

Phlebin 190,  192,  225 

Phloretin, 920 

Phloridzin 920 

diabetes 920 

Phosj)hate,  ammonio-magnesic,     78,  473,  632 

calcic,  76,  78,  111,  113,  136, 

153,  157,  473,  633,  882 

,,  magnesic,     76,  78,  111,  113,  153, 

157 

,,  ]K)Ussic,  76,  78,  82,  87,  108 

sodic,  76,  78,  113,  145,  157 

,,  of  siiermiue,         ...       94 

Phosphates  in  bo<ly 79 

,,  of  serum,     ....     772 

Phosphocarnic  acid,  .  .  103,104,139 
Phospho-gluco-proteids,  .         .61,  64,  67 

Phosphorescence,  ....     780 

Phosi>horic  acid,  25.  30,  77,  79,  87,  153, 

356,  575,  632 
,,  of  gastric  juice,   .         .     356 

,,  ,,  t«»r]>c<lo  organ,  .     Ill 

Phosphorus, 2,25 

,,  elimination  of,   .         .         .     575 

,,  in  liver,     ....       87 

,,  ,,  miclein  of  muscle,  .       98 

,,  ,,  nucleo-i»r»)tcid  of  cells,    81,84 

,,  ,,  jtroteids,         .  .  25,  26 

,,  vitellin,  .  .  .53 

Phrenosine .120 

Phvcocyanin,         .....       52 

PhylloiK)ri.h\rin 382 

riiymatorusin,      .         .  .         .     121 

Physostigmine,  action  of,  on  pancreatic 
.secretion.  .....     550 

Pliytalliunjose, 53 

Pi.dyn,  .         .  .       o26,  336,  330,  553 

,,'       ellect  ofbilo  en,  .  .  .      330 

,,  ,,        rea<tiori  on,  .  .     339 

,,       temperature  on,    .         .     339 

Picoline,        ......       34 

ricromcl,      ......     372 

Ficrotoxin,  action  of,  on  sweat  secretion,     679 
Pig,  hile  of,  ....      370,  373,  376 

,,     ha-moglobin  of,       .      103,  107,  109,  201, 

202,  205,  206 

,,     milk  of, 131 
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Pigeon's  milk, 

.      075 

Potafisium  salts  in  body, 

.      77 

Figments f  biliary.     Bee  BUcpigmenls. 

,,             ,,        proteids,  . 

.      U 

of  Mood,      . 

.      159,  185 

,,       urine,       .^      . 

633,  6S4 

.1        ,,      ,,      in  urini?, 

,     629 

,,        liulpliate,      .         .  76,  78, 

113,  157 

,,         ,,  butter,     . 

.       20 

Precipitanto  of  proteids,  chemical. 

40 

„         ,,  choroid,  . 

,     121 

,,                 „             mechanical. 

4S 

,,        ,,  corpus  lutcura, 

.       20 

Preglobio, 

68 

,f         M  of  egg  yolk,      . 

.       20 

Pressure,  atmospheric,  influence  of, 

.     738 

,,         ,,  fseo®!,  .  .    -    . 

.     3SS 

,,         blood,     ^ee  Blood  prcsmrt. 

„         ,,   fatty  tissuea,    » 

.       20 

,,         hydrostatic,  .         .         * 

.   saa 

1,         ^,  }vathologicaI  urlnCf  .         .628 

,,        lymphatic,     • 

.     299 

)i         ,,  ppa, 

.       84 

,,         osmotic,         .         .      265, 

308,  650 

„         re.Hpiratory^ 

,       61 

,,              ,,        ofcella,    . 

.     276 

fi         of  retina, 

.     121 

,,         secretory,  of  bile,  . 

.     560 

,,         ,,  senirn, 

.       20 

»,  saliva, 

511,  525 

,,         t,  Hkin, 

.      121 

„         „  nrme. 

.     649 

,,  sweat,      . 

,     673 

Pro[ialanine,         .... 

.       31 

,,         „  tumours, 

.      121 

Propepsine, 

.     554 

t,         ,1  urtDe,       .     3S8 

,  571,  572,  591, 

Propeptones,          ...» 

.     405 

616,  628 

P]'0]fiouic  acid,     *         .         .19,  34, 

615,  672 

Pilocarpine,    action    of,    on 

intestinal 

Protagon,      .         .         ,          82,  116, 

lis,  156 

secretion,  555 ^ 

Protalbumose,       .        410,  412,  414, 

416,  418 

657 

,,             of  cerebro -spinal  ttuic 

,    .     1S4 

i>                     11             11 

milk  secre- 

Protamine,  ,         .         .         .         , 

.       93 

tion,     .     664 

Proteid  or  Proteids, 

1,  2,  24 

»i                     »f             ti 

pancreatic    - 

,,       absorption  of,   .       431,  186, 

437,  900 

secretion,  54 S 

,,               ,,          ,,  by  blood  reasela,       309 

ti                     If             II 

salivary 

,  pepainby.  . 

.     404 

secretion, 

,,       action  of  alcohol  on, 

.       41 

481,  492,  493, 

,}             „         bacteria  on,       29, 

464,  465 

498,  500, 

,,             ,,         pepsin  on,  , 

326,  416 

508,  513 

,,            ,,         proteolytic  enzyme*  on,   826 

»                     If             ft 

sweat  secre- 

,,             , ,         su  perh  eated  steam 

on,     403 

tion,      ,     679 

,,            1,         tryjHiin  on.       326, 

415.  418 

M                                              t»                             1, 

uric  acid 

,,       animal,     .... 

49 

excretion,      »     595 

,,       of  aqueous  humour, ,       122,182,183 

Pine-apple,  proteolytic  ferment  of,        .       64 

,,      aromatic  decomposition  prod 

ncte 

Pi  o  trow  ski' J*  reaction,    , 

.       48 

of,          ,         ,         .        46, 

467.  468 

Piperidine,    .... 

34,  92 

,,       artificial  production  of  urea  from,      83 

Pituitary  botly,  excision  of,  . 

,     945 

„  »«g»r 

From,    30 

,,            ,,      in  11  lie  nee   of, 

on   in  eta- 

,,       ash  of,      .... 

.      25 

boliam, 

.     945 

,,       aJ5*<iniilabIe, 

.     437 

,,         eitract» 

.     946 

, ,       assimilation  of. 

38,899 

Place Dta,  blo(xl  of, 

.     733 

,,       bacterial  digestion  of,        29, 

464,  465 

T»         glycogpn  of,  . 

.     918 

„       of  blood,  . 

.     153 

Plants,  synthesis  in,      , 

,     892 

ft       T,      „       plaama. 

153,  Itil 

,,       teiniM?raturn  of, 

.     849 

,,       ,,  Ume 

.     Ill 

P lasma  o f  hi oml .     Hi'n  Blood  plasma. 

,,       carbohydrate  from,   - 

64 

,,       ,,   milk,    . 

.     125 

,,      carlwn  of,         ... 

,     873 

1,       ,,  muscle, 

95,  96 

,,       of  cerebro -spinal  fluid. 

.     184 

P/a-Hmahuiti, 

.     276 

,,       ,,  chvle,  .... 

,,       circulating, 

,,       claasilicfttion  of. 

.     188 

Plasmiue 

.     164 

896,  898 

¥l&^m<idiuni  o(  ^t'thnlium  seplictiM,      .       80 

,       49 

Plasmolv8i«, 

,      270,  277 

,,       cleavage  of,  by  acids. 

.     406 

Pla^stin,"       .... 

.       66 

,,       coagulahle,  of  digestion,    . 

420,  441 

Platolct-i,  blooii,   . 

.      141,  156 

„       coagulated, 

.       50 

Plattner'a  crystallised  bile,    . 

,     373 

TegeUble, 

.      61 

Pneumon  CI  meter, 

.         .     749 

„       colour  reactions  of,   . 

46 

Poikilo thermic  animals, 

.         .     788 

,,       com].wjisition  of,          .         , 

,       25 

Point,  aclironiic,  , 

.     322 

,,       com]K)uud,        ,         . 

49,61 

,,       optimum,  . 

,     320 

,,            ,,           digestion  of^     . 

.     428 

Poisons,  proteid,  . 

.       55 

,,       conatitirtion  of»          .         . 

38,64 

Polycythtcmia,     , 

,     143 

,,       crystal  liKation  of. 

.      43 

Polysaccharides,  , 

.  4,  12 

,,       decomjxjsition  of, 

.       28 

Pore  diffnsioij, 

.     274 

„                  „            „  by  acida, 

<w* 

Porta!  vein,  l>lood  of,    . 

900,  908,  917 

,r                  It            tf   *r  tlkaliea,    . 

Potash,         .         .         . 

77,  87 

,,                   „             ,,  Weteriah 

, 

Potassium,   .         .         ,         , 

2 

,,                  ,,             ,,  putrefactive,  , 

,,         chloride,       .       25 

76,  77,  93,  157 

,,                   ,,             „  in  rilTQ, 

, 

,t         phosphate,   .       76 

78,  82,  87,  108 

„       dialysis  of, 
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Proteid  or  Proteids,  diet,      . 

.     891 

Proteid  or  Proteids,  of  sweat. 

.     673 

indict,     .        .      872, 

875,  878.  888 

,,       of  synovia. 

.     184 

digestibility  of, 

.     333,  338 

,,       synthesis  of,              .        35 

893,  899 

digestion  of, 

.     399 

,,                 ,,           in  vegeUbles, 

25,  892 

„         ,,  nature  of. 

.      400,  405 

,,       of  testis,  .... 

.       93 

dry  difltilUtion  of,    . ' 

.         .       34 

,,       theories  of  constitution  of, 

38,  64 

empirical  formula  of, 

.       26 

,,      of  thyroid, 

88,  89 

of  epithelium. 

.       84 

,,       tissue,       .... 

897,  898 

„  flour,    . 

.       53 

,,       transudation  of. 

.     311 

formation  of  fats  from. 

.      902,  933 

,,       tryptic digestion  of,  405,  406 

S 414, 416 

If          ,»  glycogen  from,      .    901, 

,,       unoraanised, 
,,       areide  theory  of. 

897,  898 

905,  919 

36 

of  gastric  juice, 

.     350 

,,       of  urine,   .... 

85,  603 

fflucoside  theory  of,  . 
neat  coagulation  of,  . 

.       64 

,,            ,,         tests  for,     . 

.     605 

.       42 

,,       vegetable, 

49,  51,  53 

,,    value  of,  . 

837,  874,  875 

,,               ,,         crystalline, 

27,  43,  52 

hydrolysis  of,  . 

31,  64,  400 

,,               ,,         digestibility  of. 

51,    333, 

,,          ,,  by  snake 

venom,         57 

441 

indiffusibility  of, 

.       43 

,,       of  vitreous  humour,  . 

.     123 

influence  of,  on  bile  secretion,  .     566 

,,       of  whey,  .... 

.     135 

of  kidney, 

.        92 

Proteide, 

.     428 

„  lens,     . 

.     123 

Protein, 

.       29 

living  and  non-living. 

(See  also 

Protein  chromogen. 

29,  428 

Bioplasm.)    . 

38,  80 

Proteolysis,            .... 

.       50 

ofliTer,    . 

.       85 

,,          estimation  of,     . 

.     323 

„  lymph, 

.      182,  286 

Proteolytic  ferments,          313,  319, 

326,  334, 

„  lymphatic  glands. 

.       81 

551,  674 

„  meat,    . 

.       97 

activity  of,   . 

.     323 

metabolism  of, 

.     897 

,,                 ,,         vegetable,     51 

,  54,  330, 

of  milk,    .        126,  128, 

129,  134,  665 

403 

molecular  weight  of, 

26,  27 

Proteoses.     (See  also  ^/^Mwtosc.)  . 

.       50 

of  muscle, 

24,  95,  96,  97 

,,         in  blood. 

.     165 

„  nervous  tissues,    . 

.      116,  117 

,,         ,,  cells. 

82,  83 

nitrogen  of. 

.     873 

,,         ,,  cerebro-spinal  fluid,  . 

.     184 

non-assimilable. 

.     437 

,,         dirt'usibility  of, 

.       45 

organised. 

.      897,  898 

,,         in  digestion. 

.     405 

oxidation  of,     . 

.       34 

,,         from  flbrin  solution. 

.     167 

of  pancreas, 

.       92 

,,         in  muscles,    . 

.       97 

,,  pancreatic  juice,    . 

24,  367,  368 

,,         as  poisons,     . 

55,  56 

peptic  digestion  of. 

401,  405,  406, 

,,         precipitants  of. 

40 

414,  541 

,,         m  proteid  decomposition. 

28,  32 

of  peptic  digestion,  . 

.     402 

,,         rotatory  power  of, 

.       46 

percentage  of,  in  tissues. 

.       24 

,,         in  spermatozoa,      . 

94 

of  pericaniial  fluid,  . 

.     183 

,,         in  spleen, 

.       88 

,,  plasma. 

153,  161 

,,         synthesis  of,  . 

38 

poisons,    . 

.       55 

,,         vegetable. 

51,  53,  54 

precipitation  of. 

40,  41 

Prothrombin,        .         .160,  166, 

175,  179 

,,              by  bile 

.     392 

Protic  acid, 

.     103 

„   salts. 

.       41 

Protoelastose,        .... 

72,  430 

production  of  alkaloids  from,    .       58    ' 

Protogelatose,        .... 

71,  429 

proi)crties  and  reactions  of,        .       39 

Protoplasm,  chemical  nature  of,    . 

.       80 

of  protoplasm,  . 

.       81 

,,           proteids  of, 

.       81 

ofpusceRs, 

83 

,,           of  pus  cells, 

83 

putrefaction  of.    (See  al. 

>o  Put  re- 

,,           reducing  jMiwer  of,     . 

.       38 

faction. ) 

.     465 

Protojiroteose,  ditfusil)ility  of. 

45,  46 

quantitative  estimation 

of,         .        41 

,,             molecular  weight  of. 

.       46 

quotient,  . 

.      1(12,  182 

Psrxulrehis,  venom  of,  . 

58,  174 

rational  formula  of,  . 

27,  34 

Pseudo-cerebrin,   .... 

.     120 

of  red  corpuscles, 

.      155 

,,       feoiling,     .... 

.     539 

,,   red  marrow  cells,  , 

.        84 

,,       fibrin,        .... 

.     164 

reducing  j)o\ver  of,    . 

38,  49 

,,      hii'moglobin,     . 

.     237 

of  retina, 

.      121 

,,      mucin,      .         .         .         . 

63,  4:)6 

rotatory  i)Ower  of,     . 

.        46 

,,       nudein,    .         .         .    65,  66,  67,  136 

of  saliva,  . 

.      344.  503 

,,           ,,         from  j)h<>si)hogluco- 
teid, 

)ro- 

senaration  of,  from  solution,     .       40 

.       64 

solubilities  of,  . 

39,  50 

,,       jieptone,    .... 

.       63 

of  spleen. 

.       87 

,,      xanthine. 

.      101 

,,  succus  entericus,  . 

368,  369,  557 

Psychical  feeJing, 

539,  541 

,,  suprarenal  body,  . 

.       91 

Ptomaines,  ..... 

58,  465 

sulphocyanate  from. 

. 

.     346 

Ptyalin,        .         .                326,  327, 

344,  393 
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Ptyalin,  action  of,  on  amyloeea,  .  826,  394 
„  in  animals,  ....  327 
,,  effect  of  acids  on,  .  .  .  329 
,,  ,,       reaction  on,         .        .     329 

,,  ,,       temperature  on,  .        .     327 

,,       reactions  of,     .        .        .        .     328 
„       separation  of,  .         .         .     327,  328 

Ptyaloee, 394 

Puncture  diabetes,         ....     926 

Purple  cruorin, 229 

Purpurate  of  ammonium,       .         .         .     592 

Purpurin, 623 

Pus-cells,  cerebrosides  of,      .         .         .120 

,,        chemical  composition  of,         .       83 

,,        nuclein  of,      .         .         .         65,  83 

,,        proteids  of,    .         .         .         .83 

Putrefaction, aromatic  products  of,  46,467,468 

,,  fatty  ]»roducta  of,      .         .     470 

,,  of  proteids,       .         .         .     465 

,,  tyrosine  derivatives  of,      .     467 

Putrescine, 59,  60 

Pycnomcter, 144 

Pyloric  glands,      .         .         .      532,  534,  536 

,,  .   region  of  stomach,     .         ..       .     534 

,,      secretion,  .         .      532,  534,  544 

Pylorus,  nerve-centres  of,      .         .         .     538 

Pyocyanin, 84 

Pyogoniii, 120 

Pyosin, 120 

Pyoxanthin, 84 

Pyrenin, 66 

Pyridine, 34 

Pyrocatechin,  .  .  63,  92,  184,  606,  607 
Pyroglutaminic  acid,  ....  35 
Pyrotartaric  acid,  ....  673 
Pyrrol, 31,  34,  35 

QUADRIUKATKS,    .  .         .      588,  589,  590 

Quinoidino,  animal,  ....  59 

Quotient,  juottid,  .         .         .162,  182 

,,        resi)iratoiy,  .         .       700,  719,  756 

RAimiT,  all>ino,     .         .         .         .        37,  173 
,,       haemoglobin  of,         .         .         .     193 

milk  of, 131 

,,       parotid  gland  of,      .         .         .476 

,,       respiratory  fxclunij^e  of,  .         .     706 

Radiation  in  lieat  icgiilation,  .         .     850 

Rallino.se,      .         ,         .         .         .         .12 

Rat,  ha-moglol)in  of,      .         .       193,  194,  206 

Re(;e}»ta('uliim  cliyli 285 

Rectum,  absorption  i)y,  .         .         .4^36 

,,         temperature  «.t;        .       787,788,824 
Reduced  ba;matin.     See  HcKmocliromoijcn. 

,,         Ijii'.moglobiii 185 

,,  ,,  crystallisation  of,     'J.i2 

,,  (lecomi>osition  of,     243 

,,  ,,  derivatives  of,      .     243 

..  ,,  dichroism  of,        .     233 

production  of,      .     230 
,,  ,,  cjuautitative    de- 

termination of,     234 
,,  ,,  reactions  of,         .     236 

,,  ,,  s}»ectro-|)]iotome- 

tric  constants  of,  234 
,,  ,,  spectrum  of,  227, 

234,  236 

Reducing  ]>o\ver 7,  11 

,,  ,,       of  dextrose.         .         .  7,  11 

,,  ,,       ,,  di.Maccharide.s,  10,  11 
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Reducing  power  of  galactose,         •        .      11 

,,  ,,       ,,  lactose,  ...       12 

„  „       „  levuloee,         .         .       11 

,,  .  ,,       ,,  maltose,  .  11,  12 

„  „       „  monosaccharides,    .        7 

„      „  proteids,         .         88,  49 

,,        substance  of  aqueous  hnmoar,     122 

„  blood,         .      162,  925 

„  ,,        ,,  contractiDgmnscle»110 

,,  ,,         ,,  mamma,    .         .     124 

„        ,,  protagon,  .         .     119 

,,  ,,         ,,  suprarenal  bod  J,       91 

Reflex  inhibition  of  salivary  secretion,  .     512 

,,      stimulation  of  salivary  glands,    .     4S9 

Reindeer,  milk  of,         .         .         .         .130 

Renal  artery,  ligature  of,       .         .         .     646 

,,      vein,  ligature  of,  .         .         .647 

Rennet,         ....      134,  334,  835 

,,       action  of,  on  milk,    .         .      126,  134 

,,  ,,        ,,  pancreatic  casein,      13S 

,,       zymogen, 543 

Rennin,         .         .         .       134,  326,  334,  350 
,,        action  of,  on  caseinogen,  .     326 

,,        effect  of  acids  and  alkalis  on,   .     335 
,,  ,,     temperature  on,  .         .     335 

,,  formation  of,  .  .  .  .  543 
, ,  reactions  of,  .  .  ,  .  335 
,,  separation  of,  from  pepsin,  .  335 
Reptiles,  hemoglobin  of,  .  .  .187 
,,  respiration  of,  .  .  .  753 
,,  uric  acid  in  muscles  of,  .  .101 
,,  urine  of,  .  .  .  78,  637 
Resch's  test  for  hydrochloric  acid,  .     365 

Reserve  air, 749,  753 

RMdufixe, 31 

Residual  air,  ....      749,  753 

Residue,  albuminous,  of  haemoglobin,  243,  244 

Resin  of  bile, 372 

Resj)iration  in  alimentary  canal,    .         .     72S 
apparatus,  694,  695,  696,  69' 


,,            oi  carbonic  acid, 

739, 

742 

,,           ,,         ,,        oxide. 

740 

,,           changes  in  air  during, 

754, 

756 

'            ,,           chemistry  of. 

, 

61*2 

,,           of  compressed  air. 

. 

737 

,,           cutaneous,  . 

723, 

725 

,,           effect  of,  on  blood. 

756 

,,           external,     . 

692 

,,            offo-tus,     . 

730, 

733 

,,  lishe-s,      .         .      699, 

704, 

730 

,,            frequency  of,       .       747, 

753, 

S54 

,,           of  gases. 

735 

,,           during  hibernation,     . 

, 

794 

,,           of  hydrogen. 

73y 

.    ,,           influence  of,  on  bile  secretion, 

'»»■." 

,,                   ,,           ,,    lymph  11 

3\V, 

:;oo 

,,           internal, 

692. 

7^'»i^ 

.,           of  nitrogen. 

731^ 

M  oxygen,  . 

735, 

742 

,,            ,,  vitiated  air,    . 

741 

.,            vohune  of,  . 

74- 

Respiratory  exchange  in  air. 

»:ii  i 

, ,                  causes  of,     . 

773, 

7>3 

„                 of    cold  -  blooded 

animals,   . 

701. 

709 

,,                conditions  affect- 

ing, .      700, 

709, 

756 

,,                 cutaneous. 

See 

Cutan€(nis 

rt- 

spircdion. 
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Respiratory  ezchaDge,  diffusion  in,  779 

ineggt,       .        .     734 
„  in  foetua,     .     733,  745 

,,  influence  of  activity 

of    ali- 
nientaiy 
canal ou, 719 
,,  „  age  on,      722 

,,  ,,  body  8ize 

on,  720,  745 
,,  ,,  food  on,  717, 

721,  727 
,,  ,,  muscular 

activity 
on,    .     714, 
721,  727 
.,  ,,  tempera- 

ture on,  701, 
709,  727, 
735,  746, 
748 
„  ,,  time  of 

dav  on,    721 
, ,  as  measure  of  heat 

production,        .     847 
,,  measurement  of, 

694,  754 
tables  of.   See  TahleR. 
,,  in  tissues,  .      780,  840, 

895 
,,  of    warm-blooded 

animals,    .     709,  711 

,,  in  water,      .         .     699 

Respiratory  oxygen,      .         .185,  235,  236 

,,  pigments,  ....       61 

,,  quotient,   .         .      700,  719,  756 

Reticulin, 70,  72,  88 

,,         decomposition  of,   .         .         .       32 

Retina, 121 

Retinal  cones, 20 

Retrolingual  salivary  gland, .         .         .476 

Reversion, 10 

Rhamnose, 2 

Rhodopsin, 122 

Ricin, 55 

Rickets, 886 

Rigor  mortis,        .         .         .         .         95,  97 

Rotation,  si>eoifi(",  ....         6 

Rotatory  powir  of  chitosan,  .         .       75 

,,  ,,  cholesterin,       .         .       23 

,,  ,,  dcxtrins,  .         .         .16 

,,  ,,  disaccharides,  .  10,  12 

,,  ,,  gelatin,     ...       70 

M  Kb'co^o'i,  .         .15 

,,  ,,  glycuronic  acid,         .         5 

,,  ,,   inulin,       ...       14 

,,  ,,   leucine,     .  .  .28 

,,  ,,  j)rotei(iM,  .         .         .46 

,,  .,  starch,       .         .         .14 

Ruminants,  salivary  secretion  of,  .         .     489 

Rye,  proteids  of, 54 

Sacchauic  acid     .         .         .         .       4,  5,  34 
Saccharo-lactoiiic  acid,  ...         5 

Salamander,  res[)i ration  of,    .         .         .     725 

Saliva, 342,  501 

,,  abnormal  constituents  of,  .  .  504 
,,  action  of,  on  stiirch,  .  .  .  393 
,,      amount  of,  ....     491 

,,      of  animals,  .         .         .      327,  345 
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Saliva,  antilytic  secretion  of,  .         .     522 

anti})aralytic  secretion  of,   .         .     622 
augmented  secretion  of,       .     497,  525 
chonia,     343,  496,  497,  498,  500,  506, 
507,  511 
comjiosition  of,  effect  of  rate  of  se- 
cretion on,  499 
,,  ,,     ,,  stimula- 

tion on, .  498 
dyspna'ic  secretion  of,  493,  521,  522 
^ases  of,      .         .  346,  347,  504 

influence  of  blood  variations  on,  .  508 
mixed,  ....  344,  348 
organic  constituents  of,  344,  347,  494, 
496,  498,  500,  507 
paralytic  secretion  of,  .         .519 

jMirotid,  327,  343,  346,  347,  494,  495 
I)ercentaj5e  ol  fat  in,  .  .  .17 
pilocarpine,      481,  492,  493,  498,  500, 

508 
proteids  of,  ....  503 
reflex  accretion  of,  .  .  .  489 
spheres  of,  ....     502 

sublingual,  .       343,  347,  494,  495 

submaxillary,  327,  342,  346,  347,  494, 

495 
sulpbocyanate  of,    342,  343,  344,  345, 

504 
sympatheti'-,    343,  494,  498,  500,  506, 
507,  511,  525 
tables  of  analysis  of,  .         .      347,348 
tension  of  gases  of,      .         .         .     784 
Salivary  concretions,     ....     346 
corpuscles,       .         .       344,  501,  663 
enzyme,  .         .       326,  327,  397,  503 
ferment.     See  Enzymes. 

glands, 475 

,,  action  of  alkaloids  on,  512 
,,  adinaxillary,  .  476,  479 
,,  albuniino-niucous,  .  478 
,,        alljuminous,  .         .     477 

,,  alveolar  cells  of,  .  477,  485 
,,  alveoli  of,  .  .  477,  507 
,,        anatomical     characters 

of,     ....     475 
,,        of  animals,  . 
,,        l)loo<l  flow  of, 
,,        changes      in, 

sec;  ret  ion, 
,,        chemistry  of, 
,,        demilune,     . 
,,        ducts  of, 
,,        electrical  changes  of, 
,,        extiri>ation  of,      .      524, 
,,        heat- production  in,    516,  843 
,,        histological    characters 

of 

,,        influence  of  cortical  sti- 
mulation 
on, 
,,  ,,        medulla  on, 

,,        irritability  of  cells  of,  . 
,,        lymph  How  of, 
,,        mixed, 
,,        muco-albuminous, 
,,        mucous, 
,,        nerves  of,  cranial,     479, 

504,  512,  518 

,,  ,,         sympathetic,     479, 

483,  504,  518,  522,  526 
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during 
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Salivary  gl&ndB^nerre-g&uglia  of,      480,  482, 

Seeretion,  mucous,  of  mouth,         .      344,  34S 

484.  523 

it 

pancreatic.      See    PancrttUie 

„        orbitalp         .         .      476,  478 

Meretion. 

,,           „       accre to- inhibitory  fibres 

11 

salivary.  See  Saliva,  Siditxay 

of,     ...         .     526 

secretion. 

„           ,,       secretory  fibres  of,        *     526 

II 

skin.     See  Skin  aearetiim. 

,,           „              ,,        presauri)    of,     511, 

]  J 

urinary.     See  Urinary  seen- 

525 

lion. 

„           ,,       section  of  nervea  of,      .     619 

Secrefco-inhibitory  nerves  of  pancreas,  549,  550 

,,           ,,        HtimulatioD  of  cranial 

,,                    ,,         salivary 

nerves 

glands,     .     526 

of,  493, 605, 

1    Secre to- motor  nerves  of  kidney,    .         .     MO 

606 
„    reflex,      489 

Secretory  granules,  ^tric,  ,         .         «     531 
,,                 ,,       tntentinal,        .         .     554 

M           P,                 1,            P,    isyrn pa- 

ft 

,,       mammary,       .          .     668 

thetic  nerves  of,  494,  505, 

i» 

„       ]>ancreatic,       .         .     546 

606 

If 

,,       salivary,          .         .     479 

trophic  fibres  of, ,      526,  628 

if 

nerves,  .         .        ,         .         ,     526 

„        wei^'litof,    .         .         .476 

ipi 

,,       of  kidney, .         .         .     660 

,,      secretion,  aritilytic,  ,         .         ,     622 

Tl 

,,        ,,  orbital  gland,          ,     4B2 

,,         latent  lJ«riod  of,      494,  605 

,,        ,,  jiancreas,         ,      649,  550 

,,             ,,         osmoaiJ^  ill,         ,         .529 

»» 

,,        „  salivary  glands.  479,  482, 

,,             ,,         paral>tk',  .         .         ,519 

493,  494,  512,  525,  526 

,,             ,,         refiex  inhibition  of,   .     512 

It 

pressure  of  bile,     .         .         .     560 

I,             ,,             „     through      peri- 

1* 

„  saliva,,         .      511,525 

pheral  ganglia,  523 

Selach 

ions,  urea  in  organs  of,         .         .103 

„            „        in  ruminants,   ,        .     48& 

Semen 

,  chemistry  of,    .         .         .         .93 

Salkowski's  reaction,    ....       23 

SemicoUin,   ...        .         .        71,  430 

Sal  mine,        ...,,.       93 

Semig 
Semih 

utin, 71,  430 

galtM.     See  Inorganic  cmistitiwnts. 

nar  ganglion,      ,         .         ,         ,550 

Sa{ Kin  ifi  cation 19,  446 

Semi  nose,     ......        7 

Saprioe,         .,,»,.        60 

Semipermeable  membranes,  .         ,         ,264 

Sarcolactic  acid  of  aqueoufl  humour,       .     122 
„               ,,  hluod  pkania,  .      157,  169 

Sepia, 

skeletin  of,         ....       74 

Sepsinc, 59 

„               „  liver,        ...       85 

Septic  fluids,  alkaloid  of,      .         .         ,       59 

„               „  muscle,  95,  99,  104,  106, 

Septicine ,59 

110,  911 

Sericin 

74,76 

„              ,,  spleen,     ...       78 

Serine, 

163 

1,              ,,  thymus,  ...       88 

Serous  fluids 181 

^              „  thyroid,  ,         .         .       8S 

Serum  albumin,    .         .         .       161,  163,  183 

„               „  nnne,       .         .         ,616 

II 

,,          of  aqueous  humour,      .     121 

SaTcolemina,  chemical  nature  of,  .         .       96    j 

II 

,,          carbohydrate  from,       .      64 

Sarcoma,  melanotic,  iron  in,          .         .       78 

,,          carbonic  acid  in,  .         .     771 

Sarcosin 427 

Sarkiu,          .          .          .         .         ,         .596 

»« 

, ,          coagulation  tern  perature 

of,     .                  ,         .      4S 

Sauropsida,  urinary  excretion  of,  .         .637 

II 

,,          crystallisation  of,          .       48 

SauHage«,  alkaloidfi  in, .         .         .         .       59 

II 

,,          heat  value  of,        .         ,     834 

Scherer*s  test,       .         ,         ,         .      423,  424 

PI 

,,          mechanical      precipita- 

Schizoiicura la^nnisosn,          ,          ,         ,16 

tion  of,      .         ,         .       43 

^cklkrtn'iippartd,         .         .         .         .269 

1* 

,,          rotatory  power  of,         .       46 

Schlodog'a  method  of  estimating  am- 

11 

ash  of,      ,         ,         .         .        25,  772 

monia,       ,,....     586 

II 

bilirubin  in 383 

Schultze's  Qta^hiTiHT,  .         .         .         .217 

}i 

fibrinogen,        .         .         .         .176 

Schweitzer's  reagent      .         .         ,         .       10 

IP 

gases  of,   ,        .        .        ,         .     157 

Sclerotic, 121 

pp 

globulin,  .         .         .      161,  163.  182 

ScjflHte, 87 

Sebat:eous  glands,          ....     674 

t> 

„         of  aqueous  humour.    .     122 

,,         carbohydrate  from,     .       61 

,,         secretion 674 

,, 

,,         mechanical    precipita- 

,,              ,,         influence  of  nerves 

tion  of,    .         ,         .      43 

on,      .         .         .     681 

IP 

,,         rotatory  power  of,       ,       46 

Sebum 674    . 

»» 

, ,         temperat  u  re  of  coagula- 

Second wind 747 

tion  of,    .         ,         .       43 

ScciThou  of  bile.     See  BiU  secretion. 

ri 

lut*^in,               .        ,         ,       80,  Ifii 

Secretion,  digestive,      .         .         ,         .342 

II 

of  muscle,         .         .         .         .      M 

,,         gastric,       (See    also    Oastric 

It 

pigment  of,       ,         ,         .        20,  159 

secretion.)         ,         .         .349 

Shark, 

bile  of, 371 

,,         internal,        .         .         .         .     937 

Sheep, 

haemoglobin  of, .         .         .         .     193 

,,         intestinal.        See     Inttstiiuil 

II 

milk  of,      .         .         ,         ,         .     130 

ucretion. 

II 

"jalivary  glands  of,       ,         .         ,     477 

milk,     ^et  Milk  aeertiion. 

Shell-fish,  alkaloids  in,          .         .         ,      5» 
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Silica,  . 
Silido  acid,  . 

„         in  liver, 
„  urine, 
Silicon, 

Silk,  skeletin  of,  . 
Silkworm,  skin  of, 
Sinistrin, 
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.  77 
.  87 
.  634 
2 
.  76 
.  16 
.   64 


Skatol,       29,  47,  72,  467,  468,  469,  473,  607 
„      excretion  of,      .         .         .         .     470 

„      tests  for, 469 

Skatol-carbonic  acid,     .        .  29,  47,  467,  468 

„  „     tests  for,       .         .     469 

Skatoxyl,      ....      470,  607,  628 

„         glycuronic  acid,      .         .         .613 

„        red, 628 

,,         sulphuric  acid,       .         .         .     631 

Skeletal  tissues,  cliemistry  of,       .         .111 

Skeletins,     ...        70,  72.  74,  75,  76 

Skin,  absorption  by,  in  animals,  .      688,  690 

,,  ,,  ,,    in  man,         .      669,  685 

,,     fflands,      electrical      phenomena 

of, 

,,     loss  of  heat  from,  .         .      850, 

,,     respiration  by,     .         .         .      723, 
,,     secretions.       (See     also     Sweaty 
Sebaceous  secretion.) . 
,,  ,,         alkaloid  in, 

,,  ,,         chemical  nature  of, 

„  ,,         functions  of, 

,,  ,,         nervous  mechanism  of, 

,,  ,,         of  vertebrates, 

„  „         watery, 

,,     temperature  of,    . 
,,     varnishing, . 
Slime  of  fishes, 
Smegma  preputii, 
Snail,  gluco-proteids  of, 

,,      skeletins  of, 
Snakes,  temj>erature  of, 
,,       urine  of,  . 
„       venom  of, 

„  ,,         action  of,  57,  146, 174,  179 

„  ,,         toxic  power  of, .         .       58 

Soaps, 19,  20,  446 

„      absorption  of,     .       451,  456,  457,  463 
,,      nutritive  value  of,       .         .         .     881 

Soda, 77,  87 

Sodium, 2 

„         bicarbonate,    .         .         .         .78 

„         carbonate,       .         .  76,  78,  145,  157 

chloride,      25,  76,  77,  93,  113.  154, 

157,  882,  883 

,,  ,,         precipitation  of  pro- 

teids  by,        .         .       42 

phosphate,      .  76,  78,  113,  145,  157 

,,         salts  of  body,  ....       77 

,,  ,,      proteids,      ...       25 

,,  ,,      urine,  .         .      633,  634 

,,         8uli»hato,  .         .  70,  78,  113 

Soluble  ferments.     (See  also  A«c?/w^x,)      312 

starch,      .         .         .  13,  14,  395 

Sorbite, 4 

Soret's  band,         .         .         .      226,  227,  246 
Specific  gravity  of  blood,       .         .         .143 
heat  of  body,     ....     838 
,,       rotation.      (See    also    Ilotatory 

power.) 6 

Spectrophotometer  of  Hufner,        .         .     220 
,,  Vierordt,      .         .216 


Spectrophotometric  constants  of  CO-hse 

m  og 


239 


681 
855 
725 

669 

673 

670 

669 

676 

669,  673 

.     670 

.     829 

.     727 

674,  676 

.     674 

62,  64 

.       75 

.     849 

590,  909 

55,  56,  181 


Spectrophotometry, 
Si>ectrum  of  bile,  . 

n         MM    pigments. 
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,,  CO-heemoglobin, 

,,  hfematin, 

, ,  hfematoporj)hyrin, 

„  hwmoohromogen, 
,,  HCN-hsemoglobin, 
,,  metha?moglobin, 
,,  NO-hferaoclobin, 
,,  oxyhoenioglobin, 
in  Pettenkofer's  test, 
photograj)hic. 


1  o  bin, 

o  xyhaj- 

mog. 

lobin, 

213,  223 
reduced 
haemo- 
globin,   234 
209,  216,  313 
.     390 
386,    387, 
388 
.     239 
.     251 
260,  382, 
626 
251,  255 
.     248 
.     246 
.     241 
208,  211 
.     377 
225,  236 


of  CO -haemoglobin,  240 
,,                 ,,       ,,      o  x  y  h  oe  m  0- 

globin,  225 
,,  of  reduced  haemoglobin,  234,236 
,,         ,,  retinal  pigments,       .         .123 

„        ,,  urine,        ....  617 

,,         ,.  urobilin 621 

,,         ,,  uroerythrin,      .         .         .  625 

,,         visible,          .         .         .      208,  234 

Spermaceti, 20 

Spermatozoa,  composition  of,        .         .  93 
,,              nuclein  of        .         .         65,  66 

Spermine,  phosphate  of,        .         .         .  94 

Spheres,  salivary,          ....  502 

Spider,  poison  of,          ....  55 

,,       urinary  secretion  of,           .         .  637 

,,       web  of, 76 

Spinal  cord,  percentage  of  proteids  in,  24 

Sjurographidm, 64 

Spirographin, 64 

SpirographiSj  hyalogen  of,    .         .         .  64 

Spirometer, 752 

Splanchnic  nerves,  influence  of, on  gastric 

secretion, 

Spleen,  chemistry  of,    . 
,,       during  inanition, 
,,       influence  of,  on  metabolism,     . 
Sponge,  skeletin  of,       . 
Spongin, 

Sputum  mucin,     . 
S^juirrel,  hiemoglobin  of. 


193, 


Starch, 


absorption  of,     . 
action  of  ferments  on, 

,,       acids  on, 
assimilation  of, 
bacterial  digestion  of, 
cellulose,  . 
digestion  of, 
granulose, 
heat  value  of,    . 
hydrolysis  of,     . 
j)a3te, 
soluble, 


539 

87 

890 

959 

75 

74,  76,  76 

.       62 

195,  198, 

204,  206 

4,  13,  14,  473 

.     434,  435 

.326,  393,  394 

.     396 

.     880 

.     470 

.       14 

393,  396,  556 

14 

834,  835,  837 

13,  14,  396 

,       14 

13,  14,  395 
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Starvation,     See  hmnliion. 

Sulphates  of  body,        .        .         .         26,70 

Steapsiiip      ,         ,         .         .      326,  336,  339 

„  sweat,        .         .         .      «72,  673 

Steai^te  of  niagnesiuni,         .        ,        .78 

„  nriue,       .  26,  7^,  813,  631.  906 

Stearic  add,          .         .  18,  20,  22,  118,  119, 

Sulphide  of  iron,  .....      78 

466,  675 

Sulpbocyauate  of  proteid  nn^tabolisui,        346 

Stearin,         .         .         ,.        .        18,  133,  1S9 

„             „  Baliva,    342,  343,  344,  345, 

Stearyl,        .         .         .         ,         .          13,  22 

504.  632 

Stuatolytic  feiiuentB.     S«?e  Fenitints, 

Snlphoiutithietnoglobin,        .         .         .     249 

Stercobilin,            ,         ,          .       38S,  474,  622 

Sulphur,       .... 

2 

Stethal,        , 20 

, ,       of  amy loid  substance, 

.       74 

StqfwechMl, 868 

M  Hie,     .         . 

.     901 

Stokes's  reagent,  *         .         .         .         .     230 

,       elimination  of, 

.     575 

Stomach,  absorption  hv,        .         ,         ,730 
,,        changes  in,  dunniif  digestion,       531 

,       of  food,    .         .         .         . 

.     563 

,        „  biemoglobin, 

.     402 

,,         fundus  of,      .         .         .      534,  544 

,        ,,  keratin,  /    . 

,       75 

,,        gas  Oil  of,          *         ,         .         ,729 

,        ,,  liver  cella,    . 

.       85 

,,        nerves  of,       ....     637 

,        ,,  proteids. 

26,29 

,,        nerve-ci-ntrea  of,     .         .         .     538 

,        ,,  taurine, 

.     879 

,,            „       jjlescusca  of,  .         ,         ,     538 

,        ,,  urine,  , 

.     630,  631 

,,        pyloric  region  of,  ,         .      534,  544 

Sulphuretted  hydrogen,      29,  32,  72.  73,  76, 

Stronm  of  coriHijJcles,    .         .         ,      188,161 

ji;                                   470,  473 

S  try  el  in  ill,   aclion   of,    on   sweat  secre- 

,,            I-,        of  alittientaTT  caual. 

tion,          ......     679 

'     729 

Sturine, 93 

Sulphuric  add,         .     26,  26,  30,  77,  87,  630 

Sublingual  j<ariglion,     .         .         ,480,  481 

Supplemental  air,           .         .         .     749.  753 

,,          gland  ill  animals,         .     475,  478 

Suprarenal  body,  chemistry  of,      ,         .90 

„              „      uervesi  of,  .         .      479,  483 

„             1,       of  Elasmobranchs,      .     957 

saliva,           .      343,  347,  4U4,  495 

,,             ,,       excision  of,         ,         .948 

Submaxillary  itjonglion,          .         .     480,  481 

„              ,,        extract  of,         950,951,957 

„          "  gland  in  animals,     .               478 

„             „       inrtnence  of,  on  meta* 

„                ,,      heat  prodnctiou  in,    516, 

bo  1  ism,   .          .948,  958 

843 

.   „       ofTeleostei,        .          .     957 

„      nerves  of,      .      479,  483 

Sweat.     {S^e  also  Skin  secrtiim^.)         .     670 

„           nindu, 62 

,,   \  of  animals 673 

iidiva,     327,  342,  346,  347,  494, 

„      carbonic  acid  of,         .         .         .071 

4&5 

,,      cfBntres,      .....     679 

Sueciuic  arid,       .         .       104,  465,  470,  673 

,,     .eh  en  Ileal  composition  of,     .         ,     671 

Succns   cnlericuii,     (See  also   Iniestinol 

„    l.creatiniue  of,       .         .         .         .     672 

Kcrctioii.)          .         ,         .       SaS,  397,  398 

,,      ethereal  sulphates  of, .         ^     672,673 

„            ,,         enzymes  of,      341,  397,  398, 

„       fatty  acida  of,      .         ,         .     672.  673 

55fi 

,,       nitrogen-excretion  by,         .         ,     672 

„   ,        „        mpehanism  of aecretion 

,,      iJerctntAge  of  fat  in,  .         .         .17 

of,  ....     554 

„       proteids  of,         ...         .     673 

„           ,,         protoidsof,          .         .       24 

,,   ^   secretion,  action  of  alkaloids  on,    679 

SudoHcatdd,         .....     671 

„             ,,             ,,         ,,  temjierature 

Sugar.     (See  also  Monmctccharidas^  Di- 

on,  .         .     680 

saccharides.) 2,  4 

„             ,,         mechanism  of,     .         ,     676 

,,      absorption  of,     .         ,         .         .     436 

,,             ,,         nervous  inHuencse  on,   .     676 

,,      bacterial  digestion  of,          .         -     470 

„      saltHof,     ,         .         .       671,672,673 

„      in  blood,    .    6,  10,  158,  610,  894.  914, 

,,       ure*of,      .                   .       671,672,675 

916.  917,  920,  923, 

Swimming  bla^ldcr 704 

025,  926,  928 

Svm diathetic  ncrv*rs  of  iaiivary  gUnds,   197. 

„      cane,           .         .    2,  4,  9,  10,  398,  435 

488,  504 

„      of  chyle, 183 

„       „«ccHon 

„      in  digestion  of  glycogen,     .         .     397 

of,   .     52i 

,»       M         M          n  Htarch,          .         ,     39S 

,,              „                 „       „  stitnu- 

„      lieat  value  of,     ...         .     834 

ktion  of,  494,  505,  506, 

„      of  liver 85,  926 

508,  526 

„       „  lymph 1S2 

saliva,  343,  494,  498,  506,  507. 

,,       in  metal  >oli»m 922 

511,  525 

„       „  milk,     {)^i^^  LticUm.)      .         ,9,12 

Synovia 181,  184 

„       „  musile,           .       100,  105,  110,  606 

,,         percentage  of  fat  in,       .         ,       17 

,,      produetion  of,  from  proteids,       .       30 

,,                 n           .f  proteid  in,         .      91 

„       synthesiti  of,       ....         6 

Syntliesia   of  alkaloids,         .         ,         ,      60 

„      of  tendon  mucin,         .         .         ,       02 

,,  choline,    .         .         .         ,      21 

„      of  urine.     (See  also  Qbjcosuria, 

„  fata,          .         .       893,  899,  931 

Lattmuria.)  .         ,         .      60S,  612 

„  glycocoll,          .         .         .     37» 

Sulphates,  ialeic,           ....       78 

M            i»  glycogen,          .         .         .     8M 
,,            ,,  bippurioacid,  .         .      600,  8fi 

jiotassic,       .           76,  78,  113,  157 

sodic,  .         .         .          76,  78,  113    ; 

,,           „  lenduer    .        .         .         .421 
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,         ,,       ,,  skeletins, 

,  ash  of  milk, . 

,  bile  [iressures, 

,  carbonic  aoid  absorption, 

,         ,,         ,,     i"  scrum, 

,  composition  of  blood,    . 

,  ,,  ,,  colostrum, 


Synthesis  of  orgaDic  substances  by  ani- 
mals, 892 
,,  ,,  ,,  ,,  plants, 

25,  892 
„  „  proteids,  .        35,  893,  899 

„  „  sugars,     .         .         .        .    6,  6 

,,  „  taurine,    ....     379 

„  „  urea,        .         .         .     681,  893 

„  „  uric  acid,  .      586,  893,  909    | 

Synthesised  colloids,     ....      36 
Syntonin.   (See  also  Acid  albumin.)    50,  404 
,,         rotatory  power  of,  .         .46 


Table  of  analysis  of  bile,     .      370,371,568 
elastin,         .         .       71 
keratin,        .         .       73 
lymph,         .         .     182 
mucms,        .         .       62 
oxyhciimoglobin,  .     198 
pancreatic  juice,  .     367 
placental  blood,   .     733 
saliva,      347,  348,  496, 
498,  499,  500,  508 
.       76 
.     885 
.     560 
.     770 
.     771 
153,  154 
.     127 
,,  foodstutfs,      .     874 
,,  milk,   128,  129,  130 
,  ,,  ,,  nervous  tissues,  116, 

117 
,,  protegon,       .     119 
,  ,,  ,,  sebum,  .         .     674 

,  ,,  .,  sweat,    .      671,  673 

,  ,,  ,,  urine,     .      572,  573 

,  constituents  of  meat,  .  .  96 
,  copfwr,  nickel,  and  cobalt  re- 
actions of  proteids,  .  .  48 
,  diets,  ....  877,  879 
,  diflfusions,  ....  264 
,  enzymes,  ....  326 
,  experiments  in  asphyxia,  743,  744, 
745,  746 
,,  ,,  ,,  respiration  of 

carbonic 
oxide,     741 
,,     ,,      oxygen,      737 
,,  expire<I  air,  ....     755 
,,  filtrations,     .         .         .      282,  283 
,,  fre<|Uon('V  of  res])iration,     747,  753 
,,  gases  of  alimentary  canal,      .     729 
,,       ,,     ,,  bl()u«l,        .     715,  761,  763, 
764,  760 
,,  heat  of  combustion,        .         .     8*M 

,,     ,,     loss 8.^.0 

,,     ,,     production,  833,  S38,  847,  853 
,,  hydroly.sin*;  ]>roccsses  of  fer- 
ments,       ....       58 
,,  inorganic  constituents  of  body,     77 
,,         ,,  ,,  ,,  food,    882 

,,  isodynamic  focxlstutfs,  .  835,  837 
,,  leucine  and  tyrosine,  .  .  425 
,,  nitrogen  absorption,  .  .  769 
,,  ,,  and  sulphur  elimina- 
tion, .  .  .  562 
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Table  of  nitrogen  loss  in  inanition,  .  890 
,,  ,,  nutntivc  equilibrium,  .  871,872 
,,       ,,  osmotic  pressures,      265,  266,  267, 

278 
»i  i»  oxygen  absorption,  .  766,  767 
,,       ,,  [lercentage    of    chlorides    in 

body  fluids,  77,  78 


,,       ,,  ,,  ,,  fat  in  tissues, 

,,       ,,  ,,  ,,  iron  in  hoemo- 

globin, 
,,       ,,  ,,  ,,  phosphorus  in 

nucleo  -  pro- 
teids, . 
,,       ,,  ,,  ,,  proteids  in 

tissues, 
,,       ,,  ,,  ,,  w  a  t  e  r     i  n 

muscle, 
,,       ,,  ,,  »i      f»      nervous 

tissues, 
,,       ,,  proteids,       .... 
„       of  lens,    . 
,,         „        ,,  plasma, 
,,       ,,  residual  air,  .... 
,,       ,,  respiratory  exchanges,  .     701, 
710,  711,  714,  716, 
722,  723,  724,  726, 
795,  811,  848,  859, 
,,       ,,  rotatory  power  of  proteids,    . 
,,       ,,  salts  of  milk, 
,,       ,,     ,,      ,,  sweat, 
,,       ,,  solubilities   of  albumins  and 
globulins,     . 
,,       ,,  ,,  ,,  casein    and 

cascinogen,  . 
,,       ,,  sweat  secretion,     . 
,,       ,,  temperature  of  blood,    . 
,,       ,,  ,,  ,,  body,  789,  790, 

793,  795,  799, 
805,  806,  808, 
810,  811,  813, 
817,  818,  825, 
860, 
,,       ,,  ,,  ,,  coagulation  of 

j)rotoids,     . 
,,       ,,  ,,  after     skin- var- 

nishing, 
,,       ,,  urea  excretion  in  inanition,   . 
,,       ,,  vital  caiNicity,        .         .751, 
,,       ,,  weights  of  siili vary  glands,    . 
Tail-gland  of  birds,       .... 
Tannin,  precipitation  of  proteids  by,     . 

Tartar 

Tartaric  acid, 

Taurine, 

,,       in  bile,  372,  373,  378,  379,  562, 

,,        ,,  kidney,         .... 
,,        ,,  muscle,         .         .         .100, 
,,       trom  proteids,  .... 
,,       in  suprarenal  body,  . 
Taurucholic  acid,  .      372,  373,  37  1,  376, 

,,  ,,     of  suj)rarenal  body,     . 

Toichmann,  crystals  of, 
Teleostei,  suprarenals  of,       . 
Teujpcrature  of  axilla,  .         .      787,  788, 
,,  ,,  bees,     .  .         .      792, 

,,  ,,  birds,   .         .         .      787, 

,,  ,,  blood,  .... 

,,  body,   .... 
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Temperattire  of  liodv,  d€t43rmi nation  of,  786, 

792 

cooflicient  of  filtration,     .  281 

of  cold -blooded  animals^  787, 
792,  849,  865 

compatible  with  Iifp,         .  821 

eonrlitieus  iiffecting,          .  798 

constant,  d€velofnm>nt  of,  865 

lifter  death,      .         .         \  86*J 

diiiriml  VAriatioiis  in,        .  798 

during  hibernatiou,           .  79fi 

,,      inanition,      .         .  889 

individual  j>eculiantiea  in,  812 

influence  of  fljtfc  oil,  ,          ,  803 

,,   batlia  op,        .  818 

, ,  drug*  on,       .  820 

„  food  on,          .  809 
,,         ,,  he4it  And  cold 

on,     . 
,,        ,,  menstruation 

OH,      . 

,,         ,,  mental 


8H 
S12 


work 

on,      »         ,807 

,,        ,,  pregnancy  on,     812 

,,         ,,   ruet'  on,  .     811 

,^         ,,  season  on,      .     8iy 

n         ,,  sex  on,  .         ,810 

,,         f,  Bleep  on,         .     810 

,,        »,  sniTonnding 

temiJemtme 

on,     .         ,     812 

„         ,,  work  on,        ,     808 

„         »,  on  zyniolytis,    320, 

y27,  331,  335,  337,  339 

internal,  .         .        ,     824,  826 

of  mammals,    ,         .         .     787 

<>f  mmitb,         .      787,  788,  824 

of  plants,  .         .         .849 

of  rectum,        .      787,  788,  824 

regxdation,   (Seealaoiftfoe,)  831 

ifter  section  of  cord,         .     856 

of  akin,    ,         ,  .         .     829 

uftei'  skin-variiislung,       .     727 

vasomotor  control  of,         .     854 

of  warm-blooded  animals,    787, 

788,  865 

Tendon  mnciu,     .....       62 

,,       SL-ction  of,   effect  of  on  muscle 

glyco.a;^n,  .  .  ,  .105 
Tension  of  dissociation,  *  .  .  775 
Testis,  cbemifitry  of,  .  .  .  .93 
Tetanine,      .         .         .         .         .  59,  60 

Tetanuii,  alkaloid  in,     .         .         .         .       6{l 

Tetra  ^laper 865 

Tetronerytbrin,    ,         .         .         *         .       20 

Tetrofiea, 2 

Tewlikoac, .132 

Theory  or  Theories,  cleavage,  of  proteid 

digestion  I    .    405,  406, 

414,  4ie 

,,  of  fat  absorption,    .    440, 

451,  457 

If  f.  glyeogenesis,       .     922 

,,  liydrolytio,  of  pcp- 

tonii:Ation,  .         .     400 
,f  of  nieUboli.sni,        ,     870 

II  n  dee  liar,  of  ]>eptom* 

fiation,  .         .     400 

„  of  proteid  constitu- 

tion,   ...       38 


Theory  or  Theories  of  tinii«ry  ««p»- 
tion,  •         .         .        ,    III 

Tlieruiometers,      .         .  .         ,         .    **l 

ThioglycoUic  acid,         .  .ft 

Tbi« lactic  acid,    ...  }| 

Tbiry  fisttila,        ....      36^  54S 
,,      VtflU  fiatnla,      .  .         .        .    55i 

Thoracic  duct,      .         .  ,         .        .    2SS 

,,  ,,  soaroe^  of  WiiipK  of,  .  S9# 
Tlirond>in,  .  .  IBO^  16d,  170.  175, 171 
ThromUmin,  .  .  .  .166,171 
Thymic  acid,         .         .  ,         ♦        .      47 

Tbymin H,n 

Thymus,  cbenuatry  of,  ,         .         .     H 

,,        rnnctiou  uf,    .  .MO 

,,        iodine  in,        ,  .11 

„  nucleic  acid  of,  .  .  *  H 
,,  pflpcentfige  of  proteid  in,  -  t| 
,,        j»ho.s  pi  torus  ot    uncleo-|«n>teid 

of, 81 

Thyrpoatitito.tin,  .         ...     01 

Thyreoprot<?id,     .  .        .>     • 

Thyroid,  ablation  of,  9S&,  H<»,  M 

,,        chemistry  of,  .      H 

,,        exti'Act,  .    Hk 

,,        fetNiing,  •  .         .    944 

,,       frrufting,         •         .        .     93f ,  fit 

,,        intertill)  >$ccretio(n  of,      ,        ,    M 

Tbyroiodin, ...  .      H 

Tidal  air,      ...  748,  T» 

Tide,  alkaline,       .  .  ...    471 

Tijssuc  tibrinogcns,        .         .  55,  iSS,  17il»  iTf 

,,      proteid,      .         .  ,    Wft 

„     teuBion,     .         .  *    W 

Tissues,  chemiatry  of,  .  •     M 

Toad,  parotide  of,  .  ,    |74 

,,     hkin  sfKn^tion  of,  .  .    ITS 

Tollena' rcACtiont .         .  .         .        *    Itl 

Tomato,  jiigment  of,     .         «         .        .     M 

Tooth,  chcmi»try  of,      .  .  .111 

Trfjtlcr  Sdilia-ctmpparaty  ,    SW 

Torpedo  mucin,    .         .  .    IW 

organ,     -         .  .    Ut 

Tor  Ilia  urtue,         .         .  ,  111 

Toxalbumo»cs,      ...  f4 

Toxic  power  of  authraic  AlUunK^-^  A 

,,  ,,  chidera^  toxn-^iHr'jit    L.  i4 

„  ,,  di[)bthma  tiviu,  .  S4 

,,  ,,  peptone,         .         .        ,      5S 

,,  „  snake* venoma,       •        ,      SI 

Toxins Sill 

Transudation  of  proteids,  911 

Traubo  *:^ell,  »  ,  f** 

Trehalose,     . 

Triacetin,     * 

Tri  brum  u  mi  do-ben  sfoic  twjjd,  .         .        .      ^ 

Tncalcinni  casein,         .         ,         ,        .    Ill 

Trichloracetic    acid    us    firvcifiilaili  ol 

proteids,  ...  •         •        *     !• 

Tnrblorethylglycuromc  Acid,        .        .^   ill 
Tribydroxyphonyl.propionie  Acid,        .    •!• 
Triolein,       ..•,.♦!• 
Trioacs,        ... 
Trioivbtityric  wdd^ 
Trii^lmitin, 
Triutearin,    . 
Trommer's  test,    .         , 
Tropmolin  teat  for  liydtYKlilonv  ood,   .    ^ 
Trophic  nenres,     .   '     ,         .        ,     M^  W 
Trypsin,       .        .       326,  336,  3^,  M.  UA 
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TrypsiD,  action  of,  on  proteids,  326,  405,  406, 

416 
„  milk,  .        .     127 

estimation  of  activity  of,  .  323 
influence  of  reaction  on, .  .  337 
,,  temi>erature  on,  .  337 
preparation  of,  .  .  .  3 la 
reactions  of,    .         .         .         .     3-J7 

Tryi»8inogen, 551 

Tryptic  digestion,  .      414,  418,  428 

,,  amido-acids  of,  .     421 

,,  ammonia  of, 

,,  chromogen  of,  . 

,,  cleavage   theory 


,,  organic  bases  of. 

Tryptophan,         .         .  417, 

Tubules,  renal,     .         .       639,  650^ 
Tunica  media,  iK?rccntage  of  i>roteid8  in, 
Tunicata,  test  of,  . 
Tunicin,       .... 
Turacin,       .... 
Turbellarians,  lia'moglohin  of, 
Typhoid  fever,  ;ilkal<n<l  in,    . 
Typhotoxin,. 
Tyroleucinc, 
Tyrosine,      .... 

,,        absorption  of. 

,,        in  bacterial  digestion, 

,,        constitution  of, 

,,       from  deconijKJsition  of  albumi- 
noids, 72, 


.     427 

.     427 

of,    405, 

406,  416 

.     426 

421,  427 

652,  655 

24 

16 

4,  14,  16 

.       61 

.     187 

51>,  CO 

59,  60 

31 


423 
469 
466 
423 

73. 


74,  75,  76 

,,  ,,  ,,  proteids,   28, 

29,  31,  32,  34,  46,  63 

derivatives  of  putrefaction,      .     467 

from  «iiirerent  ^substance8,         .     425 

in    digestion,    405,    406,    416,    421, 

423,  437 

.       86 

92 

424 


M        ,,     liver, 

,,        ,,     pancreas,  . 

,,       seiMiration  of,  from  leucine, 

,,        in  spleen, 

„        ,,  sweat, 

,,        ,,   testis, 

,,        tests  for, 

,,       in  urine, 
Tyrosine- hydantoin, 
Tyrotoxicon,         .... 


673 
93 
424 
602 
002 


Urate  of  ammonium,  . 

,,      ,,  calcium, 
Urates,         .         .         .       587,  588, 
Urea, 

amount  of,  . 

in  a^pieous  humour, 

artificial  jtrcnluction  of,         33, 

in  bile,         .... 

,,  blood,      .         .       160,  900, 

chemical  oomj>osition  of, 

in  chylr,      .... 

decom]H)sition  of, 

eatimali(>n  of,       .... 

excretion  during  inanition,  .      887 

ferment,     ..... 

formation  of,  in  liver,  . 

heat  value  of.       .... 

hydrolysis  of,       . 
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Urea,  in  intestinal  juice,        .                 .  667 

„     „  kidney, 92 

„     „  liver,       ...        86,  562,  902 

,,     „  lymph, 182 

,,     ,,  metabolism,     ....  906 

,,     „  milk, 126 

„     „  muscle,    .                  .      100,  102,  904 
.,     ,,  nervous  tissue.>»,        .         .         .116 

,,     nitrate  of, 581 

,,     oxalate  of, 581 

.,     oxidation  of.        ....  583 

,,     preparation  of.     ....  583 

,,     production  of,  from  arginine,        .  33 

,,              „            ,,        ,,     creatine,         .  904 

,,             ,,           ,,       ,,    ly. ratine,        .  33 

,,     properties  of,        ...         .  581 

,,     in  proteid  decomposition,  28,  33,  34,  427 

,,     quantity  of,          ....  584 

,,     relation  of,  to  ammonium  carbonate,  582 

,,  uric  acid.          .      586,  593 

.,     in  saliva, 344 

,.     salts  of,        .         .         .         .        ^.  581 

in  sweat.      .         .         .671,  672,  673 

,,     synthesis  of,         .         .         .      581,  893 

,,     in  svnthesis  of  jirotcids,        .         .  35 

,,     tests  for, 583 

,,     in  torixKlo  organ,  .         .         .111 

,,     ,,  urine,      .         .       571,  572,  581,  637 

Ureide  theory  of  j)roteitis,      ...  36 

IJreides, 586 

Ureter,  ligature  of,        ...         .  649 

Uric  acid, 586 

,,  in  blood  plasma,  .  .  .160 
,,  chemical  constitution  of,  .  586 
,,  condition  of,  in  urine,  .  .  588 
,,  effect  of  diet  on  production  of,  593 
,,  estimation  of,  .  .  .  592 
,,  excretion  in  disease,  .  .  596 
,,  ,,  individual  varia- 
tions in,  .  .  595 
,,  ,,  influence  of  dru<;8  on,  595 
,,               ,,                ,»        ..  exercise 

on, 
,.         heat  value  of. 
,,         intestinal  excretion  of, 
in  kidnev,    . 


.       78 

.       78 

590,  591 

.     581 

892 

122,  1^3 

427,  r.si 

.      ^90 

902,  919 

.     5^1 

.      183 

581,  582 

.     5.^3 

SsS 

907 

906 

834 

582 


595 

834 

595 

.       92 

.       67 

.     910 

5,  86,  902,  909 

.     909 

.      100,  101 

.     116 


,,   leucocytosis, 

,,  b'ukiemia, 

,,   liver, 

,,  nietai>olisnj, 

,,   musele, 

,,   nervous  tissues, 

.,   new-born  children,    . 

,,   pancreas,  . 

preparati<ui  of, 

proiH'rties  of, 

from  ]>rotri(l  decomposition, 

tjuantity  of.  .         .         .         . 

reaetions  (.!', 

relation  of.  to  xanthine  bases 


salt.s.     . 
in  sj)le<'n, 
spontaneous 
in  sw<'at, 
.synthesis  of, 
tests  for, 
variations  in 
of  urine,       I 


595 

92 

591 

587 

28 

586 

592 

67, 

596 

urea,        .      586,  593 

.     587 

.       87 

,.'panitionof,  578,  588 

.     673 

.       586,  893,  909 

.     592 

amount  of,         .     593 

n,  572,  586,  637,  653 
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Urinary  excretion,  characteristics  of,  ,  635 
„  pigments,  .  .  388,  671,  672 
,,       secretion.     Bowman's     theory 

of,      .         .     639,  650 
,,  ,,  concentration  of,  ,     650 

,,  ,,  Ueidenhain's  theory 

of,      .         .      652,  658 
,,  ,,  influence  of  circula- 

tion on, 
641,  644 
n  n  n       m  diurctics 

on,    .     647 
„       „  ligature 
of  renal 
artery 
on,    .     646 
M       ,,  ligature 
of  renal 
vein  on,  647 
M  ,.  MM  ligature 

of  ureter 
on,    .     649 
„  M  ,,       „  nerves 

on,  646,  659 
,,  ,,  Lud wig's  theory  of,    640, 

658 
,,  ,,  mechanism  of,    639,  658 

,,  ,,  pressure  of,    .         .649 

,,  ,,  theories  of,    .         .     639 

,,       water,  secretion  of,       641,  644,  647, 

656 

Urine, 570 

,,      acetone  in,  .         .         ,         .     928 

,,      acids  of,      .         .         .         .      571,  574 

,,      albumin  of,         .         .         .      604,  605 

,,      albumose  in,       ...         ,     694 

,,      alkaloids  in,        ....       59 

,,      amido-acids  of,   .         .         .         ,     602 

,,      ammonia  of,        ...         .     585 

,,      ammonium  salUi  in,    .      906,  908,  909 

,,       animal  gum  of,  .         .         .         .613 

,,      aromatic  carboxyacids 

,,  ,,        constituents 

,,      bases  of, 

,,       bile  mgmonts  in, 

,,      blood  pi^icnts  in, 

,,       calcium  vsalts  of, 

,,      cane-sugar  in,     . 

,,      carbohydrates  of, 

,,      carbolic  acid  in, 

,,      carbonic  acid  of, 

,,       chemical  reaction  of, 

,,      chemistry  of, 

,,       chlorides  of, 

.,       chroniogens  of,   . 

,,       colour  of.    . 

,,       comparative  chemistry  of, 

,,       coinjtosition  of. 


in, 
of. 


creatinine  of, 
dextrose  in, 

926, 
diabetic.     (See   also   0/>/cnsuria, 

Dinhdrs.)         .  .    ^    3,  6,  14, 

dnig-piLjments  in, 
estimation  of  acidity  of, 


106 

630 

576 

ethereal  sulphates  of,         26,  467,  469, 

613 
fermentation  of,  .         .      313,  582 

globulin  of,         .         .         .      604,  605 
glycogen  in,        .         .         .         .15 
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Urine,  glycuronic  acid  in,     .         .  5,  613 

,,  haematoporphyrin  in,  260,  626,  629 
,,  hemialbumose  in,  .  .  .410 
,,      hippuric  acid  of.     See  Hippuric 

acid, 
,,      hydrochinon  in,  .         .      606,  607 

,,  hydrochloric  acid  of,  ,  .  .  633 
,,  hydrofluoric  acid  of,  .  .  .  634 
„      indoxyl  of,  ...      607,  627 

,,      influence  of  food  on,  .    678,576,679, 
586,  698,  610,  680,  682 
,,  ,,         of  gastric  secretion  on,    359 

,,  ,,        ,,  muscular      activity 

on,     ,         .         .     916 
,,  ,,         ,,  sex  on,  .         .         .     573 

,,      inor^uic  constituents  of,  .      672,  630 


.     606 

605,  631 
.     571 

384,  629 

.     629 

.     634 

10 

.     607 

606,  607 
.     634 

574,  657 
.  570 
.  633 
.  626 
.  616 
.  637 
.  572 
571,  572,  598,  Q'-iS 
6,  608,  881,  894,  920. 
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inosite  in,  . 

. 

.     606 

iron  in,       . 

685, 

886,  886 

isomaltose  in. 

, 

12,  612 

kresol  in,    . 

, 

606,  607 

in  lactation. 

, 

.     611 

lactic  acid  in,    106,  109, 

894, 

907,  909 

lactose  in,  . 

12,  611 

levulose  in. 

, 

6,  611 

magnesium  salts  of,    . 
maltose  in. 

, 

.     634 

, 

.     881 

mucin  of,    . 

, 

.     604 

mucoid. 

, 

.       85 

mucus  of,   . 

, 

.       85 

nitric  and  nitrous  acid  of,  . 

.     634 

nitrogen  of, 

680, 

684,  912 

nitrogenous  constituents  of, 

680,  637 

nubecula  of, 

.       85 

nucleo-proteid  of. 

.     603 

organic  constituents  of. 

.     572 

ornithuric  acid  in. 

602,  638 

oxalic  acid  of,     . 

.     614 

parakresol  in, 

.     606 

pentoses  in. 

3,  612 

peptones  in. 

604,  605 

phenaceturic  acid  of,  . 

.     601 

phenol  of,  . 

606,  607 

phosphates  of,    .       576, 

578, 

590,  632 

pigments  of,      388,  571, 

572, 

591,  616 

,,        ,,  pathological,  . 

.     62S 

poisonous  proj>erties  of. 

.       61 

pota.ssium  salts  of, 

633,  634 

proteids  of, 

85,  603 

,,       ,,    tests  for,  . 

.     605 

pyrocatechin  of, 

606,  607 

quantity  of. 

.     573 

secretion  of.     See  Urinary  secretion. 

silicic  acid  of, 

.     634 

skatol  carbonic  acid  iu. 

.     467 

skatoxyl  of. 

.     607 

sodium  salts  of,  . 

633,  634 

specific  gravity  of. 

.     57:^ 

si>ectrum  of. 

.     617 

sugar  in.     (See  also  Glycosuria, 

Lftdosuria.) . 

10, 

608.  611 

,,      tests  for,   . 

608,  61<' 

sulj)hates  of. 

631,  90: 

sulphocyanate  in, 

.     346 

sulphur  of. 

.     630 

urea  of.     See  Urea. 

uric  acid  of.     See  Uric  acid. 

urobilin  of, 

620, 

628,  629 

urochrome  of,-    . 

618,  629 

uroerythrin  of,   . 

628, 

628,  629 

variations  in  acidity  of. 

• 
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Urine,  volatile  fatty  acida  of,         .        .615 
,,      water  of,  secretion  of,     641,  644,  647, 

656 
,,      xanthine  bases  of.     ^t  Xanthine 

b<U63. 

Urobilin,  .  .  388,  474,  620,  628,  629 
,,  physiological  relations  of,  .  622 
,,         properties  of,  .         .         .621 

,,         separation  of,  ...     620 

,,         spectrum  of,  .         .         .         .     621 

Urochrome 618,  629 

,,  physiolo^cal  relations  of,  .     620 

,,  preparation  of,  .        .         ,     619 

,,  properties  of,      .         .         .610 

Urochloralic  acid,         .        .        .        .614 

Urocrythrin,         .         .       618,  623,  628,  629 

,,  properties  of,      .         .    "     .     623 

,,  se{>aration  of,     .         .         .     623 

,,  spectrum  of,       .         .         .     625 

Urorosein, 628 


Vagus  NERVE,itifluence  of,  on  gastric  se- 
cretion,   537, 
539 
„  ,,  ,,  ,,  i)ancreatic 

secretion,    548 
Valerianic  acid,     ....     470,  471 

Valeric  acid, 34 

Varnishing,  effects  of,  .         .         .         .     727 
A'^aso-constrictor  nerves  of  kidney,  .     646 

,,  ,,        ,,  salivary  glands, 

479,  504 
Vaso-dilator  nerves  of  kidney,       .         .     646 
,,  ,,      ,,  salivary  glands,  .    479, 

482,  504 
Vasomotor  control  of  teniiKrature,         .     854 
Vegetable  albumin,  leucine,  and  tyros- 
ine from,  ....     425 
,,  alkaloids,      ...  34,  60 

,,  ferments,  coagulating,  .         .     334 

,,  ,,         diastatic         .         .       51 

,,  ,,         proteolytic,    51,  54,  330, 

403 
,,  food  in  diet,  .         .         .472 

,,  gnms,   .         .         .         .         14,  16 

,,  proteids,        .         .         .49,  51,  53 

,,  ,,         crystalline,     .  27,  43 

,,  ,,         digestibility  of,       .      51, 

333,  440 
,,  ,,         glutamic  aciil  from,     426 

,,  ,,         as  poisons,      .         .       55 

,,         vitellin,         .         .         .  52,  53,  54 

Vella  fistula 368,  555 

Venom  of  snakes.     See  Snuke  venom. 
Venous  blood,  til)rin  from,    .         .         .     167 
,,  gases  of,  .       Ifjl,  700,  7^)2 

,,  luenioglohin  of,        .  .     185 

,,  j<'('orin  of,       .         .         .100 

,,  sugur  of,  .         .         .     158 

Veratrin,    influence   of,    (►n    l)0<ly  teni- 

j)€rature, 8*21 

Vermes,  hienio^lohin  of.         .         .         .1^7 

,,        respiratory  exchange  of,  .         .     702 

Vemix  aiseosa,     .         .         .         .      074,  r,75 

Vertebrata,  luenioglobin  of   .         .         .     180 

,,  skin  secretions  of,        .         .     009 

Vii)erine, 50 

Visual  purple,       .         .         .         .         .122 
Vitel  action,  .         .         .      276,  283,  284 
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Vital  capacity, 760 

Vitellin 62,  69 

„  vegeUble,  ...  52,  53 
,,  coagulation  temperature  of,  .  43 
,,         mechanical  precipitation  of,    .       43 

Vitel  loses, 50 

Vitreous  humour,  .         .         ,         .122 

,,        mucinogen  of,  ...       62 

„  mucoid  of,  .  .  .  .63 
,,        percentage  of  fat  in,        .         .       17 


Warm-blooded  animals,    temperature 

of, 787,  788 

Water, 1,  76 

,,       absorption  of,   .         .      433,  685,  689 

,,       in  coagulation,  .         .         .     319 

,,       extracting  power,      .         .      270,  277 

,,       in  fermentation  processes,  .     319 

„       „  fluids  of  body,       .      127,  128,  129, 

153,  157,  183,  347,  559, 

641,  644,  647,  656 

,,  organ.s,  .         .        82,  85,  88,  95,  96 

,,       ,,  proteid  decomposition,  .  28,29 

,,       „  tissues,.     HI,  113,  115,  121,  127, 

128,  129 

i    Wax,  of  bees 20 

,,      Chinese, 20 

I    Waxy  degeneration,      ....       74 
I    Weber's  test  for  indicanuria,  .         .     628 

j    Weidel's  reaction,  ....     598 

I    Weyl's  reaction, 699 

,    W barton ian  jelly,  ....       62 

Wheat,  proteids  of,       .         .         .  53,  54 

Whey, 134 

„     proteids, 139 

White  of  egg.     See  F'j'j  uhite. 

Witches'  milk,      .        ".         .         .         .127 

Wood  gum, 16 

Wool,  fat 676 

,,      skeletin  of, 72 

Work,    influence   of,    on 


of 


Worth  of  blood  corpuscles. 


alkalinity 
blood, 

metabolism,  . 

muscle     gly- 
cogen, 

number       of 
corpuscles, 

respiratory 
exchange,  . 
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911 
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715 
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Xantiiink, 60,  596 

,,  of  blood  jdasma,  .         .     160 

,,  ,,  nervous  tissues,        .         .116 

,,  from  nuclein,       .         .  66,  67 

of  organs,     .       85,80,87,88,92, 
93,  98,  100,  101, 111 
,,        bases  of  nucjcins,   .  .  65,66 

.,  ,,     pro] (Cities  of,  .  .     597 

,,  ,,     relation  of.  to  uric  acid,      07, 

596 

,,     tests  for,         .         .         .     598 

,,  ,,     of  urine,         .         .         .     596 

,,  ,,     ,,       ,,     amount  of,     597,  598 

,,  ,,     ,,       .,     estimation  of,  .     597 

,,  ,,     ,,       ,,     scjtaration  of,   .     597 

Xantho-creatinine,         .         .         .        60,  101 

Xantho-proteic  acid,      ....       34 
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Yeast,  action  of,  on  monosaccharides,  .  7 
,,  fermentation,  .  .  .  .611 
,,  inverting  ferment  of,  .  .  10 
,,      nuclein, 3,  61 


Zein, 
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